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tions and flow-thought conditions essentially cease after
May for the remainder of the growing season.

Spatial and temporal pauerns of phosphorus concentra-
tions in Old Woman Creek wetland are discussed in

Chapter 5 and included in an ecosystem model in Chapter
10. Phosphorus often decreases in total, soluble ieactive,

and total soluble phosphorus from inlet to outlet, but
patterns are not consistent. Nutrient budgets are developed
in three different ways. A preliminary estimate is obtained
from a wetland phosphorus retention model from the litera-
ture  Richardson-Nichols model!. With an estimated
loading rate of 17 to 33 mg-P/m2-day  determined from
other Lake Erie watershed studies!, approximately 8 to 13
mg-P/m2-day �9 to 47%! could be expected to be retained

by the wetland. Direct field data suggest a loading rate
during the March-November study period of only 2.2 mg-
P/m2-day during a severe drought.

A third method of estimating a phosphorus budget for
1988 with an ecosystem simulation inodel suggests that
30.1 mg-P/m2-day flows into the wetland and approxi-
mately 2.9 mg-P/m2-day or 10 % is retained in the wetland.
This last estimate may be the most realistic because it
accounts for a high rate of phosphorus into the wetland
during high spring floods. The overall phosphorus budgets
cannot be used to conclude that Old Woman Creek wetland

is a phosphorus sink as the field data and model calibration
are for an unusual drought year. The lower than average
phosphorus sedimentation rate deterinined by the model is
a reasonable estimate for a drought year.

A 5-meter sediment core from Old Woman Creek

wetland is examined in detail by Reeder in Chapter 6 for
chemical stratigraphy and historical sedimentation rates.
The core strata indicate three main zones in the sediments:

a zone or intermediate organic content reflecting the recent
history; a zone of high organic content after the final glacial
retreat �,000 years BP! to approximately 1$0 years BP;
and a zone of very low organic deposits through the glacial
events, There was a net sedimentation rate of 0.73 cm/yr in
the wetland over the past 180 years, as defined by the
appearance of Ambrosia sp. in pollen counts. The sedimen-
tation rate translates to an average phosphorus retention

rate of 22 mg-P/m2-day, approximately 10 times that
predicted by the model for the 1988 drought year.

Chapters 7 through 9 present preliminary results of
regional studies on water levels, water quality, sediment
chemistry, and remote sensing. A study of water levels and
chemistry of eleven wetlands presented by Robb in Chapter
7 demonstrates preliminary indication of diflercnces
between diked  impounded! and undiked wetlands. Water
levels drop precipitously in the undiked wetlands but are
generally maintained in diked wetlands and in Old Woman
Creek wetland with its closed barrier beach. Conductivhy,

alkalinity, and ortho-phosphate are generally higher in
diked wetlands while turbidity and total phosphorus are

generally higher in undiked wetlands. Sediment chemistry
data of thc regional wetlands, examined in Chapter 8,
suggest that undiked wetlands have lower organic content.
Available phosphorus is highest in sediments from Old
Woman Creek wetland and very low in impounded Bay
View marshes on Sandusky Bay. Chapter 9 by Roush and
others presents results of remote sensing of some of the
wetlands of the region and an illustration of typical wetland
maps generated from color and color infrared photography.
A computerized map analysis by Yi in Chapter 9 suggests
that between 1969 and 1983, there was a net loss of 20% of

the wetlands in the western reaches of Sandusky Bay.

Two modelling approaches are suggested in Chapters 10
and 11 to understand and manage Lake Erie's coastal
wetlands, Chapter 10 presents a preliininaiy ecosystem
model of Old Woman Creek wetland. The model is cali-

brated with some success with 1988 data that illustrate

seasonal patterns during the drought. Thc calibrated model

allows calculations of a phosphorus budget  discussed
above! and phosphorus sedimentation and resuspension
dynamics. Even with rccycling, resuspension of phosphorus
is necessary in the model to predict productivity experi-
enced during the calibration year.

Yi summarizes possibilities of including cartographic
modelling and geographic information systems with
dynamic modelling in a descriptive/prescriptive approach
toward the development of new approaches to understand-
ing and managing these coastal wetlands.

William J. Mitsch

Columbus, Ohio

October, 1989
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Wetlands of Coastal Lake Erie in Ohio-
A Hierarchy of Systems

William J. Mitsch

Introduction

Research Goals

Wetlands have always been a part of the shoreline of the
Laurentian Great Lakes, expanding and retreating with
changing water levels, yet always maintaining themselves
as ecotones between the uplands and the Lakes. As shore-
lines were stabilized and the land was drained for agriculture

and urban development, these wetlands were mostly
destroyed or significantly altered and their buffering capacity
was diminished or lost altogether, Herdendorf �987! esti-
mates that over 4,000 km of extensive coastal marshes and

swamps in the western Lake Erie basin have been cleared,
drained and filled to the point where only 150 km remain,
most artificially diked from open access to Lake Erie while
other uncertain estimates are given for wetlands around the
Great Lakes  Table 1.1!. It could be surmised that had the
surrounding wetlands remained intact, the rate of cultural
eutrophication of some of the lakes such as Lake Erie may
have been much less sevcrc.

Few if any of comprehensive studies have been carried
out on Great Lakes coastal wetlands, especially on wetland
functioning of these ecosystems. This is particularly appar-
ent when compared wiih the abundant literature available on
coastal salt marshes. Much of what is known about Great

Lakes coastal wetlands is included in the proceedings of a
"Great Lakes Coastal Wetlands Colloquium"  Prince and
D'Itri 1985!. The editors of that work conclude that

...in spite of general scientific opinion that wetlands are
important to Great Lakes ecosystems, they represent one of
the least well understood parts of those systems. Moreover,

they are greatly diminished in extent and quality along most
moderately settled shorelines. Still, in 198l, around the

heavily settled lower Great Lakes  Ontario, Erie, and St.
Clair!, about 61,480 hectares of coastal wetland
remained....

The goals of our research are to use an ecosystem
approach to western Lake Erie coastal wetlands 1! to deter-
mine if and how these systems are serving as chemical and
hydrologic buffers between the upland and Lake Erie, and 2!
to determine what types of wetlands, e.g., diked vs.
undiked, are the most effective for future wetland design

along the Lake. This report represents only the beginning
of that effort, as a summary of our work for 1987 through
mid-1989. The overall project will answer a number of
questions using field measurements, remote sensing, and
mathematical models of hydrologic, chemical, and ecologi-
cal processes of the wetlands and adjoining watershed. These
will ultimately answer the following questions about
coastal v etlands along Lake Eric: Are these coastal wetlands
chemical sinks, sources, or transformers for runoff and
stream low from the upland agricultural watershed? How
valuable is their survival and protection to thc enhancement
of water quality of Lake Erie? What processes within the
wetland are inost important in the changes that occur? What
are the seasonal patterns of nutrient dynamics in the
wetland? How do the processes change with changing lake
levels and artificial dikes? What happens to the wetland
when seiches occur, reversing the normal flow from the
wetland to Lake Eric? If the wetland studied proves to be
carrying out valuable functions, what are the design criteria
for building similar wetlands in other watcrsheds along the
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Table 1.1 Area of coastal wetlands along Laurentian Great Lakes  i'rom Mitsch et al., 1989!

Wetland Area, km~Region

Kroll et al. �988!

Western Lake Erie

Preset tie ment

Present

Her5mdorf �987!4,NN

150

Prince and D'Itri �985!Lakes Ontario, Erie, 4 St. Clair 615

Total Great Lakes

Present

Lake Erie-Lake St. Clair

1/09

119

Herdendorf et al. �981!

McCullough �985!
500

330

25

6

Coastal Wetlands - Ohio

1979 ODNR �982!59

Coastal Wetlands - Michigan
1979 Jaworski et al. �979!428

Great Lakes Wetlands

 emergent and aquatic beds!

Total

Lake Erie

Lake St. Clair

Lake Ontario

Lake Huron

Lake Michigan
Lake Superior

Coastal Wetlands - Ontario

Presettlement

Present

Lake St. Clair

Lake Ontario

700

187

165

133

128

50

37
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Study Area
Our wetland study area centers on the wetlands in the

region of Sandusky Bay on the southwestern shore of Lake
Erie in Ohio  Figure 1.1!. The area is approximately 60 km
wide and is bounded on the east by Old Woman Creek

Wetland, approximately 5 km west of Huron, Ohio and on
the west by the mouth of Sandusky River and Muddy Creek
as they enter Sandusky Bay southwest of Port Clinton,
Ohio. We have chosen initially to look at the Lake Erie
wetlands in this region on two scales of hierarchy  Figure
1.2!. Intensive studies and measurements of ecosyste~
productivity, nutrient cycling and paleolimnology are being
carried out at Old Woman Creek State Nature Preserve and

National Estuarine Research Reserve, located adjacent to

Lake Erie in Erie County, Ohio. A synoptic assessment of
water quality, sediments and productivity, which includes
several other marshes along Lake Erie, is included in the
study to determine if the intensive studies at Old Woman
Creek can be generalized to coastal wetlands along Lake
Erie.

Old Wotnan Creek Wetland

Old Woman Creek State Nature Preserve and National

Estuarine Research Reserve is a coastal wetland located adja-

cent tc Lake Erie in Erie County, Ohio  Figure 1.3!. The
wetland itself is 30 hectares in size and extends about 1 km
south of the Lake Erie shoreline  see Klarer 1988, Mitsch
1988a, Mitsch et al. 1989, for site details!. It is approxi-

mately 034 km wide at its widest portion. Depths may
reach up to 3,6 meters in the inlet stream channel but for
the major portion of its area it is usually less than 0.5
meters deep. Klarer �988! estimates that the retention time
of the wetland varies between 25 hours  at peak flow! and
114 hours  at average flow!. Thc wetland has an outlet to
Lake Erie that is often open but which can be closed for
extended periods of time by shifting sands in a barrier
beach. Rare but dramatic seiches on Lake Erie can reverse

the flow, causing lake water to spill into the wetland.
Aquatic. habitats within the wetland include open water
plankton systems and extensive embayment marshes with
American lotus  Nefumbo iutea!. There are also areas with
white water lilies  Nymphaea tuberosa!, spatterdock
 Nuphar advena!, arrow arum  Peltandra virginica!, and
cattails  Typha angusri folia!, and wooded wetlands in certain
shallow areas. The major land use within the watershed
�8.6 km2! is agricultural. Sedimentation in the wetland
was estimated to have been 0.76 mm/yr prior to agricultural
development in the early 1800s and more than 10 times that

�0 mm/yr! at present  Buchanan 1982!.Due to its status as
a National Estuarine Sanctuary, the inarsh remains rela-
tively undisturbed and is frequently used for nature
education, iecrcation, and scientific study. Sanctuary facili-
ties include a visitors' center and an aquatic ecology teseaich
laboratory on the site.

Regional Scale Wetlands

We have initially chosen 10 wetland sites in addition to
Old Woman Creek for regional studies of water quality,
hydroperiod, sediment analysis, and application of reinote
sensing techniques. These wetlands are shown in Figure 1.4
and are listed in Table 1.2. S ix of the wetlands are diked to

maintain artificial water levels, primarily to attract water-
fowl. These include Winous Point Shooting Club and
Ottawa Shooting Club, which are private hunt clubs found
in the western extreme of Sandusky Bay. Bay View
Marshes are diked wetlands located on the southeast edge of
Sandusky Bay near the causeway from Sandusky to Port
Clinton, Pickerel Creek Wetland and Willow Point Wetland
are undiked marshes found on the south shore of Sandusky

Bay, while Plum Brook Wetland and Sheldon Marsh are
found in the embayment behind the Cedar Point
Amusement Park peninsula.

Forcing Functions of Coastal Lake Erie
Wetlands

Lake Erie wetlands have several characteristics that make

them unique ecological systems to study and manage, These
include: 1! water level fluctuations of the Great Lakes,
which vary both seasonally and daily; 2! periodic seiches or
"wind tides," which may occur many times a season; and 3!
shifting shoreline sediments, moved during storm events,
which can dramatically change the hydrologic, chemical,
and biological connections between the wetland and the
Lake; 4! varying nutrient loading from the upslzeam
watershed; and 5! artificial dikes that surround many of
these wetlands to maintain water levels in view of a fluctu-
ating Lake Eric level. Afl of these patterns have one thing
in common � they are important in determining the forc-
ing functions of the wetlands and greatly influence the
exchange of geologic and biological materials from
upstream watersheds and to and from Lake Erie.

Lake Erie 1/t'ater F/uctuations and Artificial
Dikes

Wetlands along Lake Erie in general, and Old Woman
Creek Wetland in particular, are influenm} by water level
fluctuations ol the Great Lakes. The water levels for Lake
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Flue 1.1 Locahon of general study area in western Lake Erie
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Figure 1.2 Hierarchy of scales used for this remmh program
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Figure 1.3 Old Woman Creek Wedand, the site of detailed ecosystem-level studies
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Figure 1.4 Locations of regional scale wetlands around and adjacent to Sandusky Bay



Table 1.2 Diked and undiked wetlands sites used in this study for general studies of water quality, sediments, and
hydroperiod

OwnershipAbbrev.

Diked Wetlands

10OSS

OSL

BVC

14

Undtked Wetlands

Pickerel Creek spawned wildlife

management

state-owned fisheries

management

Willow Point WetlandWLT variable

variableSheldon Marsh

Plum Brook

Old Woman Creek

state nature preserve

former industrial sitevariable

OWC state nature preserve

and national estuarine

Wetlands of Coastal Lake Erie in O~ Hierarchy of Systems

Winous Point North Marsh

Winous Point West Marsh

Ottawa Shooting Club - Small Pond Marsh

Ottawa Shooting Club - Big Pond Marsh

Bayview Center Marsh

Bayview "B" Marsh

private shooting club

private shooting club

private shooting club

private shooting club

private

private
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Erie over the past 125 years are shown in Figure 1.5. Over
this period, there was a difference of about 1.5 meters
between low and high water level in Lake Erie. This ampli-
tude and the time are long enough between high and low
water levels  period approximately one decade! to signifi-
cantly affect the structure and function of the coastal
wetlands. In presettkment times, high water levels would
send the wetlands "inland" while wetlands would extend

"lakeward" during low water levels  Figure 1,6!. The
wetlands are usually in a state of disequilibrium with this
fluctuating water level. A given location will vary from a
system dominated by emergent vegetation  during shallow
water times! to one that is a planktonic or floating leaved
aquatic system  during high water level!. Wis fluctuating
water level has led to a common practice of marsh manage-
ment along Lake Erie involving the construction of
artificial dikes. Dikes are constructed around wethnds and

pumps or flap gates are installed to keep water levels below
those of Lake Erie during high water times and to keep the
wetland wet  i.e�water level high! during periods of low
water level in Lake Erie  Figure 1.7!. Because many of the
coastal wetlands along Lake Erie are managed for waterfowl,
diked wetlands are the most common type of wetland left
along southwestern Lake Erie. Our study sites include 6
diked marshes in addition to 5 undiked marshes,

Seiehes

Shorter period water level oscillations due to wind
action, called seiches, frequently occur on the Great Lakes
 Figure 1.&!. The coastal wetlands along the lakes are
subject to water and chemical exchanges from seiches in
much the same way that coastal salt marshes are subjected
to tides, although these seiches are not as periodic as semi-
diumal coastal tides. Sager et al. �985!, for example, meas-
ured 269 seiche events in one year on lower Green Bay on
Lake Michigan with a incan amplitude of 19,3 cm and a
mean period of 9.9 hours. Their study indicated that coastal
marshes may be serving as sinks for total phosphorus and
as transformers of nitrogen fmm dissolved oxidized forms to
particulate and tcduced forms. Seiches are a common occur-
rence along Lake Erie, although the contributions of these
events to the nutrient budgets and biotic communities of
undiked wetlands are not well known. Diked wetlands are

generally isolated from the exchanges due to these seiches.

Shifting Sand Bars

For most of the year, the general direction of flow in
undiked wetlands is from the wetland to Lake Erie, driven

by the difference in elevation between the two bodies of
water which can vary with storm events and short-term

Lake Erie fluctuations. The difference between the two
levels can be exacerbated when the mouth of the stream

between the wetland and Lake Erie is closed, a rather
frequent event in our Old Woman Creek study site. The
wetland then reinains closed for a several month period,
after which the combination of high water levels in the
wetland and a sudden storm event once again opens the
wetland to Lake Erie.

I.oadings J'rotn the Upland Watershed
Undiked wetlmls are influenced by runoff from upstream

water!lieds which ate, for the most part, dominated by agri-
cultural use. The 69 km2 watershed that drains into Old
Woman Creek wetland is primarily agricultural, with runoff
containing relatively high levels of nutrients  Klarer 1988!.
An estimated phosphorus loading of 0.5 - 1,0 kg/ha-yr
drains into Old Woman Creek  Johnson et al. 1978, UC
1980, Novomy 1986! resulting in 3,500 to 7,000 kg-P/yr
�2 - 23 g-P/rn2-yr! discharged to the wetland. This loading
rate is a conservative  low! estimate of the contribution of
ayicultural non-point sources, Many counties in Ohio in
the western Lake Erie basin have loading rates of 1.0 to 2.5
kg-P/ha-yr. A study group of Great Lake's pollution called
PLUARG  Pollution from Land Use Activities Reference
Group! presents a range of 0.1 to 9.1 kg-P/ha-yr  UC
1980!.

Ecosystem Models
Ecosystem models of wetlands can be used to guide field

research efforts, to identify gaps in data, to investigate
ecosystem behavior, and ultimately to aid in the manage-
ment and possible design of Great Lakes coastal wetlands.
In our research, models, whether conceptual, quantitative, or
simulation, are always guiding our work. Modelling will
aid in the management of the Great Lakes by demonstrating
the temporal patterns of wetlands productivity and nutrient
exchange that occur with different hydrologic conditions,
watershed uses, and lake levels changes. Our approach uses
a hierarchy of models, ranging from watershed approaches
to an ecosystem level approach that emphasizes ecosystem
processes  Mitsch 1988a!. Figure 1.9 illustrates an overall
cheinical and hydrologic budget for a Lake Erie wetland.
Note the role that dikes have on exchanges from upstnmn

watersheds and from Mce Erie itself. On the other hand, the
exchange of chemicals and water between Mce Erie and an
open wetland can be complicated by water level fluctuations
and seiches on the Lake. Figure 1.10 shows a model with
details of some of the processes in a wetland which contrib-
ute to its nutrient retention capability, Plant uptake, both
by plankton and macrophytes, sedimentation, and resuspen-
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Figure 1.6 Lake Eric wetlands during prescttlement times during high and low water conditions

11



Wetlands of Coastal Lake Erie in Ohio � A Hierarchy of Systems

Figure 1.7 Lake Erie diked wetlands as managed for high and low water conditions with dikes and pumys

12
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sion are probably the most significant processes involved in
the wethnd retaining and releasing phosphorte.

Actual and Potential Role of Wetlands in
Western Lake Erie

Our continued studies will demonstrate the usefulness of

coastal wetlands as buffer zones between the uplands and the
Great Lakes. Preliminary calculations suggest that the
existing wetlands along western Lake Erie are retaining
approximately 75 to 100 metric tons/yr  Mitsch et al,
1989!. To put that possible retention in perspxtive, it
should be noel that non-point phosphorus loading to west-

ern Lake Erie was estimated to be about 2,100 metric tons/

yr for 1978-80  Yaksich et al. 1982!. This suggests that the
remaining wetlands are currently retaining about 3.5 to 5
percent of the non-point source loading to the Lake. If we

determine that these coastal wetlands are truly sinks for
nutrients, it may be possible to suggest the construction of
wetlands along the Great Lakes to take advantage of that
function. For example, a program to develop 1000 km2 of
wetlands in the western Lake Erie shoreline and watershed

 one fourth of the extent of presettlement wetlands! could
conceivably lead to a 24 to 33 percent reduction in non-
point loading of phosphorus to the western basin,
Economic valuation of coastal wetlands will be more feasi-
ble as a result of these kinds of studies, as we expect to
demonstrate the long-term as well as short-term value of
wetlands. We would like to continue studies such as this
one to provide design criteria and cause for ecological engi-
neers to protect wetlands along the Great Lakes for their
assimilative capacity in the landscape.
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Figure 1,9 GeneraR~M "black-box" model of Lake Erie coastal wetland with role of dikes illustrated

15
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Figure 1.10 Detail of nutrient exchange in typical Lake Erie coasts wetland



Part I. Ecosystem Studies
Old Woman Creek Wetland





Diurnal Patterns of Dissolved Oxygen
in a Freshwater Coastal Wetland

William J. Mitsch
Brian C. Reeder

Introduction

The rise and fall of dissolved oxygen in an aquatic
system reflects that system's metabolism, Diel patterns of
oxygen have been used to determine the overall primary
productivity and respiration of several different coastal and
inland systems  e.g., Odum and Hoskin 1958, Mitsch and
Kaltenborn 1980!. Some have suggested that this method
for measuring productivity is superior to the use of endo-
sures for either carbon-14 or light-dark bottle methods

 Kemp et al. 1986!. Shallow plankton-dominated wetlands
such as the Old Woman Creek Wetland near Lake Erie are

ideal systems in which to measure the diurnal patterns of
oxygen and to use those patterns to estimate productivity.
The shallow nature of the wetland limits the euphotic zone
to a narrow depth of high chlorophyll and dramatic oxygen
swings. The warm water temperatures in the summer
season further enhance biochemical activity. Furthermore,
the calm waters of the shallow wetland usually do not have
high rates of oxygen diffusion. Measurement of the diurnal
patterns of water chemistry parameters such as dissolved
oxygen and temperature are iinportant to predict the habitat
value of the wetland for aquatic organisms and the redox
reactions.

We report here on the results of two full diurnal meas-
urements af dissolved oxygen in Old Woman Creek

Wetland, one in July and the other in October. These diur-
nal measurements are then used to illustrate the spatial
patterns of metabolism in the water column of Old Woman
Creek. Chapter 3 gives more details of water column and
macrophyte productivity,

Methods

Full dissolved oxygen diurnal patterns with Winkler
titration were measured on two occasions: July 11-12, 1988
and October 8-9, 1988. Dissolved oxygen was determined
by the azide modification of the Winkler method  APHA,
1985! for 8 stations in Old Woman Creek Wetland  and one
sile in ~e Erie along the shoreline! as shown in Figure
2.1. Samples were taken just below the surface with a van
Dorn sample bottle and water was siphoned into 300 ml
BOD bottles. Replicate samples were taken at each station,
Temperature was also recorded at the same time with a
temperature probe or thermometer. Gross primary produc-
tivity and respiration are calculated from rates of change of
the dissolved oxygen with nighttime readings giving an
estimate of the hourly rate of respiration and day time
changes reflecting both gross primary productivity and day
time respiration. Oxygen data were entered onto a computer
spreadsheet to calculate. overall metabolism. Oxygen rates
were converted to kilocalorie rates by a multiplication of
3.6. Corrections for oxygen diffusion was assumed to not
be necessary based on the diffusion dome measurements
described in the next chapter. Solar radiation was recorded
with an Eppley black and white pyranorneter installed at the
sanctuary he@Quarters.

Results

Figures 2.2 and 2.3 summarize gross primary productiv-
ity and P/R ratio estimates for the 8 sampling stations in
Old Woman Creek. All of the oxygen and temperature read-
ings for Old Woman Creek wetland for the July and October
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FigUse 2.1 Samplhg stations for di|trnal oxygen measurements in Old Woman Creek Wetland
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sampling periods are shown in Tables 2.1 and 2.2 and
Figures 2.4 through 2.19. The July diurnal period was
approximately 33 hours long, but the last 24 hours were
used in calculations of productivity.

Orygets Con cetttratiotts

The July oxygen data display a dramatic change in
oxygen over a twenty four hour period. Readings ranged
from 2 mg/1 at 6 AM to peaks of 12 � 15 mg/1 at dusk.
Water temperatures generally were quite warm at 24 to
29 C. In contrast, the dissolved oxygen in Old Woman
Creek in early October was less dramatic and generally

ranged from 6 to 10 mg/l with a temperature range of 6 to
14 C. Dissolved oxygen during July was clearly supersatu-
rated in late afternoon and dearly undersaturated at dawn,
while it remained much closer to saturation during the
October readings.

The oxygen readings, by themselves, demonstrate an
inhospitable environment in Old Woman Creek wetland for

aquatic life. Carp  Cyprinus carpi o! is a dominant aquatic
animal in this wetland, and that species is well known for
its adaptations to poorly oxygenated conditions. It would be
unwise to think that a shallow, highly productive wetland
like Old Woman Creek could ever support a wide diversity
of fish with the significant oxygen swings and high
temperatures observed here. The data also illustrate the

importance of recording the time of oxygen readings in this
wetland as it can change from 2 to 14 mg/l in one day. A
casual observation during an early afternoon would suggest
that the dissolved oxygen is adequate for aquatic life, but an
early morning reading would show exactly the opposite.

Gross Primary Productivity

Old Woman Creek, at the water depths prevalent during
this study year, is primarily a plankton-dominated system,
Plankton productivity in July data ranged from 15 to 57
kcal/m2-day or an average of 30 kcal/m 2-day for all sites.
The October data result in productivity calculations of 2 to
19 kcal/m -day with an average of 8 kcai/m2-day for all
sites  Figure 2,2!.

Diurnal Patterns of Dissolved Oxygen

P/R Ratios

P/R ratios for the wetland stations for July and October
are given in Figure 2.3. The July data suggest an excess of
production over respiration at six of the eight sites
although, interestingly, there was greater respiration than
production at the two sites in the upstream reaches of the
wetland  Stations 8 and 9!. Ihe low P/R ratio for Station 8
is understandable as it is a flowing station under the railroad

bridge. Station 9 has high amounts of detritus and decaying
woody vegetation that may make it more heterotrophic. All
sites except one in October have P/R ratios less than 1.0.
As solar energy and temperatures decrease rapidly in
October, the system shifts to one of catabolism and lower
productivities.

Solar Efficiency

Traces of solar radiation for the two periods of measure-

ment, as measured by a pyranometer at Old Woman Creek,
are shown in Figures 2.20 and 2.21. Integration of the July
solar graph for the same 24 hours as used in the diurnal
oxygen calculations yielded a total solar radiation estimate
of 6,910 kcai/m2-day, while the October readings yielded an
estimate of 2,602 kcal/m 2-day, The average gross primary
productivity of 30 kcai/m 2-day in July yields an ef'ficiency
of 0.4 %. The average gross primary productivity of 8 kca V
m2-day in October results in an efficiency of 0.3%. These
productivities are signiTicant for planktonic systems and are
comparable to those of productive wetlands in flow-through
conditions  Mitsch and Gosselink 1986! or highly eutrophic,

lakes.
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Figure 2.2 Summary of gross primary productivity  GPP! measurements for Old Woman Creek sampling
stations for a! July 11-12, 1988, and b! October 8-9, 1988
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Figure 2.3 Ratio of gross primary productivity to respiration  P/R! for Old Woman Creek sarnp1ing stations
for a! July 1988 and b! October 1988
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Table 2,1 Results of diurnal oxygen measurements at Old Woman Creek Wethnd, July 11-12, 1988

32.50 hours

Secchi disk 0.17 m
Temp Rate

 g/m2-hr!
Rate
 g/m3-hr!  g/m2! deg C!

27
27
27
25.5
25
25

3.61
8.15

1,00
2.26

26
25
26
30
26
27

5.57
4.30
7.14
8,90

1.55
1.19
1.98
2.47

25.91 kcal/m2-d
-22.58 kcal/m2-d

7.20
-6.27

cbv>ty
32.57 hours

Secchi disk 0,13 m
Temp
 deg C!
27
28

Rate
 g/m3-hr!

Rate
 g/m2-hr!  kcal/m2! g/m2!

13.66
5.31

3.80
1.48

25
24
24.5
24
27
29

15.13
8.54
12.58
10.79

4.20
2.37
3.49
3.0028.5

27.5
47.04 kcal/m2-d
-45.43 kcal/m2-d

13,07
-12.62

cttvtty
32.52 hours 4.53

Secchi disk 0.125 m
Temp
 deg C!
27

Rate
 g/m3-hr!

Rate
 g/m2-hr!  kcal/m2! g/m2!

2.41
0.62

8.68
2.23

26
24.5
25
25

28

5.29
6.13
8.79

1.47
1.70
2.44

24

Station
Time
 hrs!
12.67
15.08
18.58
22.33
25.02
27.97
30.90
33.92
36.08
39.08
42.17
45.17

Station
Tune
 hrs!
12.75
15.25
18.75
22.67
24.95
27.80
30.78
33.83
36.20
39.20
42.25
45.32

Station
Tmle
 hrs!
12.92
15.50
18.83
21,83
24.80
27.62
30.70
33.75
3628
39.28
42.45
45.43

Station

13.08
16.00
18.92
21.58
24.67
27 45
30.53
33.63
36 42
39.35

Temp
 deg C!
27
X
x
23
x
22.5

DO1
 g/m3!
6,2
9.2
8.4
8.5
8.8
8.2
7.5
9.3
5.2
7,8
6.7
7

DO1

g>!
5,2
7,9
5.9
3.4
3.6
1.7
3.4
4.4
6.7
10.1
6.4

DO1
 g/m3!
8.5
11.3
12.25
9
3.5
3.2
1.7
64
7.4
10.3
12.6
11.1

DO1
 g/m3!
3.6
6.5
6.4
4.7
1.2
2.6
0.8
2.1

4 7.2

Depth:

 g/m3!
6,7
9.2
8.6
8.6
8.9

8 7.6
8.5
5.6
7.2
6.5
6.5

Depth;

 g/m3!
3
4.5
7,2
6.1
3.7
3.2
1.7
3
4.3
6.8
10.1
6.3

Depth:

 g/m3!
7.5
12.2
10.4
9.1
3.7
3.5
1.6
4.9
7.1
10.1
11.9
11.3

Depth:
lXQ
 g/m3!
3.2
6.8
6.5
4.4
1.8
2.7
0,7
2.1
4.1
7.5

0.65 m
DOave
 g/m3!
6.45
9.2
8.5
8.55
8.85
8.1
7.55
8.9
5.4
7,5
6.6
6.75

0.5 m
DO ave
 g/m3!
4.15
4.85
7.55
6
3.55
3.4
1.7
3,2
4.35
6.75
10.1
6,35

0.65 m
DO ave
 g/m3!
8
11.75
11.325
9,05
3.6
3.35
1.65
5.65
725
10.2
12.25
11.2

0.52 m
DO ave

 g/m3!
3.4
6.65
6.45
4.55
1,5
2.65
0.75

4.05
7.35

0.28
0,77
-0.40
-1.07
-0.05
-0.57
0.49
0.49
0.80
1.10
-1.22

1.45
4.13
4,76
-1.84
4.09
4.55
1.31
0,63
0.98
0.65
-0.35

1.11
4.07
0.71

0.41
4.62
0.44
0.70
1,13

0.14
0.39
-0.20
-0.54
4.03
4.28
0.25
0.24
0.40
0.55
-0.61

0.94
4.08
4.49
-1.19
-0.06
-0.36
0.85
0,41
0.64
0.42
0.23

0.58
4.04
437
4.51
0.21
4.32
0.23
0.36
0,59



Table 2.1 continued

42.53 28
45.55 27

3.878.5 7.9 0.17
5.2 5.15 4.91
Gross Primary Productivity
Respiration

7.3
5.1

1.070.09
-0.47

24.08 kcal/m2-d
-21.39 kcal/m2-d

6.69
-5.9432.47 hours

Rate
 g/m3-hr!

Rate
 g/m2-hr!  g/m2!

6.55
-0.22

1,82
4.06

6.12
4.88
8,56
4AS

1.70
1.36
2.38
1.25

24.05 kcaLtm2-d
-19.72 kcal/m2-d

Gross Primary Productivity
Respiration

6.68
-5,4832.38 hours -0.23

Rate
 g/m3-hr!

Rate
 g/m2-hr!

6.61
7.11

1.84
1.98

5.85
5.16
9.29
4.69

1.63
1.43
2.58
1,30

24.99 kcal/m2-d
-24.87 kcal/m2-d

6.94
-6.91

Gross Primary Productivity
Respiration32.53 hours -0.29

Rate
 g/m2-hr!

Rare
 g/m3-hr!  kcal/m2!

8.03
0,88

2,23
0.25

4,26
5.35
10.73
0.48

1.18
1.49
2.98
0.13

20.82 kcal/m2-d
-20.45 kcal/m2-d

5.78
-5.68

Gross Primary Productivity
Respiration32.33 hours

TCIBp
 deg C!
26.5
27.5
27
26
25.5

DO1
 g/m3!
6
11.2
11.6
4.8
3.2

Rate
 g/m2-hr!

Rate
 g/m3-hr!  kcal/m2! g/m2!

1.89
0.31
-2.36
@AS

6.13
3.53

22.08
12.71

2.10
0.34
-2.62
-0.53

25

Station
T1Ale
 hrs!
13.25
15,67
19,17
21.35
24.42
2725
30.35
33.47
36.58
39.47
42.57
45.63

Station
Trine
 hrs!
12.75
15,17
18.38
21.33
24.25
27,33
30.23
33.25
36.25
39,17
41,92
45.28

Station
Time
 hrs!
13.17
15,48
18.75
21.58
24.45
27.53
30.45
33.50
36.50
39.33
42.20
45.50

Station
Tune
 hrs!
13.42
15.70
18.90
21.78
24.68

Temp
 deg Cj
27
28
28.5

26
24
25
25
27
27
29
28

Temp
 deg C!
26
28
28.5
27.5
25.5
26
23
23

29
31
27

Temp
 deg C!
26
27.5
25.5
26.5
25
26
24
24.5
25.5
28.5
31
27

DOl
 g/m3!
6.8
10.9
8.3
8.8
4.9
3,6
1.8
3.8
5.2
9.6
10.4
11.8

DO1
 g/m3!
7.1
11.3
15.2
12.1
7.6
3,5
3.2
5.8
7.7
13.3
15.4
13.4

DO1
 g/m3!
6.8
12.1
11
8.3
4,6
2.6
2
3.1
5.7
13.4
10.9
9.5

Depth: OA3 m
DOZ DO ave
 g/m3!  g/m3!
8 7.4
9.8 10.35
8.4 8.35
8.6 8.7
6.6 5.75
3.7 3,65
1.9 1.85
4.5 4.15
6.1 5.65
9.7 9.65
11.4 10.9
11.9 11.85

~th: 0.3 m
DO2 DO ave
 g/m3!  g/m3!
7.8 7.45
11.2 11.25
14.3 14.75
7.7 9.9
7.7 7.65
3,4 3,45
3.35 3.275
5.8 5.8
7.7 7.7
13.7 13,5
15 15.2
13 13.2

Depth: 0.33 m
DO2 DO ave
 g/m3!  g/m3!
6.9 6.85
11.8 11.95
9.7 10.35
8.2 8.25
4.7 4.65
2.7 2.65
2 2
3,7 3.4
5.8 5.75
12.1 12.75
11.3 11.1
9.8 9.65

Depth: 0.9 m
DO2 DO ave
 g/m3!  g/m3!
6.8 6.4
11.2 11.2
13 12.3
4,7 4.75
3.2 3,2

1.22
4.57
0.16
-0.96
-0.74
-0.58
0.74
0.48
1.39
0.40
0.31

1.57
1.09
-1.64
-0.77
-1.36
-0.06
0.84
0.63
1.99
0.62
4.59

2.20
-OA9
-0.74
-1.26
-0.65
-0.22
0.46
0.78
2.47
-0.58
-0.44

0.52

0.07
4!.41
4.32
4.25
0.32
0.21
0.60
0.17
0.13

0,47
0.33
-0.49
-0.23
4.41
-0.02
0.25
0.19
0,60
0.19
4.18

0.73
-0.16

-0.41
-0.21
-0.07
0.15
0.26
0.82
4.19
4.15

Diw nal Patterns of Dissolved Oxygen

Secci disk 0.09 m

 g/m2!  kcal/m2!

Secchi disk 0.07 m

Secchi disk 0.17 m
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Table 2.1 continued

27.87 27
30,5& 24
33.75 24,5
36.63 25.5
39.47 27
42.40 29
45,67 26.5

2 2 -0.38
2 2 0.00
3.2 4 0.63
4.9 5 0.35
9.1 9.2 1.4&
9.8 9,15 4.02
6.5 6.5 -0.81
Gross Primary Productivity
Respiration

4,34
0.00
0.57
0.31
1.33
-0.02
-0.73

2

2 4,8
5.1
9.3
8.5
6.5

15.53
11.48
21.71
8.23

4.32
3.19
6.03
2.2&

56.95 kcal/m2-d
-68.62 kcaUm2-d

15.82
-19.06-0.793225 hours

Rate
 g/m3-hr!  kcal/'m2! g/m2!

6.10
0.96

1,69
0.27

4.30
4.28
9.53
-3.46

1.19
1.19
2.65
4.96

14.65 kcal/m2-d
-16.65 kcal/m24

4.07
-4.63-0.1932.28 hours

Station 9
Tllne
 hrs!
13.58
15.83
19.08
21.92
24.87
27.72
30.68
34.00
36.75
39.75
42.62
45.87

Temp DOl
 deg C!  ghn3!
26.5 6.5
27.5 10.6
27 9.5
26 66
25 5
26 3
24 2
25 3.7
26 6.3
28 11.9
29.5 7.2
26 4.5

Depth: 0.3 m
DO2 DO ave
 g/m3!  g/m3!
6,5 6.5
10.8 10.7
9.5 9.5
6,5 6.55
4.7 4.85
3 3
2.2 2.1
4,2 3.95
6 615
14.2 13.05
8.& 8
4.9 4,7
Gross Primary Produc
Respiration

1.87
-0,37
-1.04
-0.58
4!.65
4.30
0.56
0.80
2.30
-1.76
-1.02

tivity

0,56
4!,11
4.31
-0.17
-0.19

0.17
0.24
0.69
-0.53
-0.30

Secchi disk 0.135 m
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De th; 0,4mrx% ' DO ave
Pm!! fpAn3!
9.6 9.5
8.2 8.85
5.6 5.7
8.8 9
5.8 6.8
9.4 9.4
7.8 7.95
9.4 9.3

Station 1
Time

12.50
15,50
18.50
20.75
24.25
26.75
30,17
23.84 hours

DO1

Pmg!
9.4
9.5
5.8
9.2
7.8
9.4
8.1
9.2

Tcfnp
 deg C!
X
9.5
12.5
16
13
12
12
11.5
11.5

0.5 rn
DO ave
Ig/m3!
6.6
6.45
4.1
7.8
5.6
8.7
5.15
7

Station
TlfrlC

I.!I
12.83
15.85
18.33
21.00
24.42
27.17
30.50

Daleth:

6.6
6
3.2
8.7
6
8.9
5.15
6.8
Gross Primary
Respiration

Daleth:
Q!!
9
8
5.4
9.9
6.8
8
6.05
9,4
Gross Primary
Respiration

~DC th:
l//m!!
6.6
6.4
5.4
8
8.5
8.3
8.1
Gross Primary
Respiration

Daleth:
Q!!
6.5
8.8
8.9
8.1
8.8
8.7
4.2
Gross Primary
Respiration

8
8
12.5
X
10
9
9
9

DO1
P/m3!
6.6
6.9
5
6.9
5.2
8.5
5.15
7.2

 g/m3-hr!

0.05
-0.04
-0.78
1.49
-0.82
0.91
-1.29
0.56

Rate
 g/rn2-hr!  g/m2!

0.03 0.30
-0.02 0.21
-0.39 -0.93
0.75 2.05
-0.41
0.45
-0.65
0.28

 kcal/m2!

1.08
0.76

0.00
0.00
5.88 kcal/m24
-7.05 kcal/m2-d

Productivity 1,63
-1.9623,92 hours -0.08

Station
Tune

13.08
16.15
18.17
21.08
24.58
27.11
30.67

0.3 m
DO ave
ig/m3!
9

TCBlp
iddg C!
5.3
9
14
11
10
9
ll
8

DO1

II!/m3!
9 7,4
3.8
8.3
6.8
8.3
6.9
7.6

Rate
 g/m3-hr!

0.25

 g/m2-hr!  g/m2!

0.08 0.31
-0.11 -0.26
-0.30 -0.82
0.67 1,43

0.12
-0.20
0.17

 kcal/m2!

1.13
-0.92-0.36

-1.01
2.23
-0.79

7.7
4.6
9.1
6.8
8.15 0.39
6.475 -0.66
8.5 0.57

0.00
0.00
2.40 kcal/m2-d
-3,23 kcal/m2-d

Productivity 0.67
-0,9023.92 hours

Station
Trmc

12,580
14.920
19.000
20.800
24.500
30.570

0,6 m
DO ave
I!//m3!
6.6
6.5
6.05
8
8.575
8.15
8.125

TcA1P
Ideg C!
8 11
12
12
12
ll
10

DOl

l//m!!
6.6
6.6
6.7

8.65
8
8.15

Rate
 g/m3-hr!

-0.40
-0.03
-0.19
0.48
0.32
-0.11
0.00

 g/m2-hr!  g/m2!

-0.24 -0.36
-0.02 0.06
-0.12 4.19
0.29 1.32
0.19 0.41
W.07
0.00

 kcal/m2!

-1.29
0.20
-0.67
4.74
1.47

4,45 kcal/m2-d
-3.08 kcal/m2-d

Pfoductlvlty 1.24
-0.8623.00 hours

Station
Time

l.!id
10.00
12.92
15.17
18.80
20.97
24.83
30.90

0.45 rn
DO ave

I//m3!
6.1
9
8.9
8.05
9.15
8.7
4.225

Iddg C!
8 11
14
13
12
11
11

5.7
9.2
8.9
8
9.5
8.7
4.25

 g/m3-hr!

-0.93
0.99
-0.04
-0.23
0.51
-0.12
-0.74

 g/m2-hr!  g/m2!

-0.42 -0.51
0,45 1.87
-0.02 0.39
-0.11 0.31
0.23 0.91
-0.05
-0.33

 kcal/m2!

-1.85
6.72
1.39
1.13
3.28

10.68 kcal/m2-d
-16.60 kcal/m24

Productivity 2.97
4.6123.15 hours -0,19

27

Table 2.2 Results of Diurnal Oxygen Measurements at Old Woman Creek Wetland, October 8-9, 1988



Diurnal Patterns of Dissolved Oxygen

Station 6
Tune

Nd
10.50
13,23
15.50
18,55
21.17
25.33
30.35

DO1
Igrm3!
7.8
8.8
9.7
10.9
8.7
7.2
7.21

idrg C!
8
11
15.5
10.3
12
11
10.5

~2!

1.50
1.03
1.10
1.15

0.42
0.29
0.30
0.32

0.11
0.05
0.08
0.05
-0.14

0.00
4.78 kcal/m2 d
-5.01 kcal/m2-d

1.33
-1.39-0.06

Station
Tune

P~'fd
9.950
13.250
15.250
19.070
21.700
24.250
27.500
30300

7

10
1 1,2
13
11
14.7
15
11
11

DOl
Sgrm3!
5.3
10.8
9.62
11
9
4.9
9
7.8

 kcai!tm2!

-1.$9
7.68
4.63
2.84

-0.53
2.13
-0.1$
0.79

-0.30
0.54
4.19
0.10
-O.i4
-0.54
0.40
-0.14

8.00 kcal/m2-d
-9.11 kcal/m2-d

2.22
-2.53-0.1123.05 hours

Station
Time

15.53
18.97
21.57
24.50
27.80
30.47

8

 drg C!
10
12
13
12
14,5
12
12
11

DO1
Ig m3!
5
6.5
6.91
$.9
7.6
5.6
5.5
5.65

 kcai/tn2!

-2.33
10.43
1.59
8.97

-0.65
2.90
0.44
2.49

-0.45
0.86
-0.10
0.46
-0.45
-0.52
-0.16
0.07

18.66 kcal/m2-d
-22.81 kcal/m2-d

5.18
-6.3423.72 hours

Station

10.470
12.670
15,700
18.750
21.500
25.000
28.300
30.580

9

idrg C!
10
11.5
14
13
14,5
12
ll
11

Pm 3!
5.8
6.4
11.05
9.8
7,8
4.2
6,1
4.35

~2!

0.05

5.65
1.83

0.01
0.79
1.57
0.51

-0.18
0.18
0.34
-0.01
-0.21
-0,34
0.19
-0.37

10.37 kcal/m2-d
-15.67 kcal/m2-d

2.88
4.35-0.1$23.5S hours
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Table 2.2 continued

De th: 0.15 mm5. ' m!.
 gtm3!  tt/m3!  g/m3-hr!

8 7.9 0.71
8.7 8.75 0.31
10.1 9.9 0.51
10.8 10.85 0.31
8.2 $.45 4.92
7.7 7.45 -0.24
7.65 7.43 0.00
Gross Primary Productivity
Respiration

De th: 0.3 m
IX% DO ave Rate
Igdd3!  /dd3!  grm3-hr!

.7 .55
4.4 4.85 -1.00
10.8 10,8 1.80
9.4 9.51 -0.65
10,6 10.8 0.34
10.16 9.58 -0.46
5 4,95 -1.82
9.65 9.325 1.35
$.2 8 -0.47
Gross Prurutry Productivity
Respiration

De th: 0.87 m
IXI2 DO ave Rate
 tt/rn3!  tt/m3!  g/m3-hr!

4.6 4.$ -032
$.2 7.35 0.99
7.15 7.03 -0.12
8.8 8.85 0.53
7.4 7.5 -0.52
5.9 5.75 -0.60
4,8 5.15 -0.18
5.1 5.375 0.08
Gross Primary Productivity
Respiration

De th: 0.3 rn
IX% DO ave Rate
Ig!m3! Q3!  g!m3-br!
5.2 5.5 -0.59
7.2 6.8 0.59
9.35 10.2 1.12
10.3 10.05 -0.05
8.5 8.15 N.69
X 42 -1.13
6.45 6,275 0.63
2.6 3.475 -1.23
Gross Primary Productivity
Respiration

Rate
 g/m2-hr!  g/m2!

 g/m2-hr!  g/m2!

Rate
 g/m2-hr!  g/m2!

 g/m2-hr!  g/m2!
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Figure 2A Diurnal oxygen patterns, water temperature and oxygen rate of change curves for OM Woman Creek
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Figure 2.5 Diurnal oxygen patterns, water temperature and oxygen rate of change curves for Old Woman Creek
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Figure 2.10 Diurnal oxygen patterns, water temperature and oxygen rate of change curves for Old Woman Creek
Wetland, station 8, July 11 � 12, 1988
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Figure 2.11 Diurnal oxygen patterns, water temperature and oxygen rate of change curves for Old Woman Creek
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Seasonal Patterns of Planktonic and Macrophyte
Productivity of a Freshwater Coastal Wetland

Brian C. Reeder

William J. Mitsch

Introduction

Methods

Heath �987!, Klarer �988! and Mitsch et al. �989!
have suggested, with some preliininary data, that Old
Woman Creek wetland may be an effective sink and trans-

former of phosphorus, a chemical determined to bc a culprit
in the eutrophication of adjacent IMe Erie. The productiv-
ity of a wetland may be directly linked to its ability to
function as a sink or transformer of nutrients  Mitsch et al.

1989!. Few studies have been done to determine the primary
productivity of a Lake Erie coastal wetland; the previous
chapter reports on the planktonic productivity of Old
Woman Creek wetland for two intensive sampling efforts,
In order to accurately quantify the ability of these systems
to internally cycle phosphorus, estimates of annual primary
productivity are needed in addition to data on water chemis-
try. A measurement of systems level productivity of
plankton and macrophytes can be modelled to predict
wetland functioning and efficiency. This has been done on a
number of other wetlands to determine thc role of productiv-
ity in nutrient cycling  Nixon et al. 1976; Mitsch 1977;
Mitsch et al. 1979; Pomeroy and Wcigcrt 1981; Ewel and
Odum 1984!. This paper estimates the primary productivity
of the open water and Neliimbo lactea communities of Old
Woman Creek wetland and suggests reasons for the

observed patterns of produc ti vity.

Who}e System Metabolism

Productivity and respiration werc estimated on tcn occa-
sions by evaluation of the diurnal changes in dissolved

oxygen  Odum and Hoskin 1958!. Measurements were
taken every three to six hours  taking care to get data near
dawn and dusk! at sites ¹3, ¹4, ¹5, ¹6, ¹7, and ¹9  shown
in Figure 2.1!. Dissolved oxygen was measured with the
azide modification of the Winkler technique  APHA 1985!
at dawn, dusk, and dawn, and frequently in between with a
YSI model 54 dissolved oxygen meter  calibrated by the
Winkler method!. During winter water temperatures were
near or below O' C; therefore, planktonic activity was
assumed io be insignificant.

Daily net productivity was determined by summing the,
changes in oxygen concentrauon between sunrise and
sunset. Daily respiration was calculated as the mean of the
nighttime respiration over the day  assuming that daylight
respiration was nearly equal to nighttime respiration!. Gross
primary production was estimated by adding the daily net
production to the sum of the mean daily respiration during
the daylight hours. Figure 3.1 shows a diurnal sample curve
and productivity calculation.

Measurements were made to determine possible correc-
tions for diffusion with a floating dome  Copeland and

Duffer 1964!. A 5-liter plastic dome fitted with a YSI
dissolved oxygen probe  Figurc 3.2! was purged with nitro-
gen to a near zero dissolved oxygen reading. The rate at
which the oxygen recovered was then used to calculate the
diffusion rate, Although measured for at least five hours at
numerous times during the course of the study, the highest
rate of diffusion was 0.012 mg 02 m-2 hr-l, which could
possibly be due to leaks in the dome system. This rate does
not contribute a significant error in metabolism calcula-
tions, even at low saturation.
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13

12

11

D.O., 10

mg/L 9 8 7 15:30 18:30 21:30 2;30 6;30 9;30 12;30 15;30
Hour

1.0

Bate of

Change
Average

Respiration

-1.0 15:30 18;30 21;30 2:30 6:30 9:30 12:30 15:30
Hour

A D,O,  g/m3!
Rate of Change  g/rn2-hr! =

5 t  hours! ' depth  m!

For Net Productivity  g/rn2-day!, integrate rate of change
above 0 for daytime hours

For Total Respiration, find average nighttime
respiration  R!  g/rn2/hr! ' 24 hours/day

For daytime respiration, integrate rate of change below 0
for daytime hours and above average respiration Une

Daytime Respiration + Net Productivity =
Gross Primary Productivity  g/zn2-day!

Figure 3.1 Example of metabolism calculations from diurnal change in dissolved oxygen as used in Old Woman
Geek wetland
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% Increase of 02 in dome = 0.075 ml/hr

According to Odum and Hoskin �958!:

273 32 g02

0.075 ~� 295 2400 ml
,00068 g 02/m2-hr

0.1521 ~ .99

Figure 3.2 Diffusion dome used to estimate oxygen diffusion in Old Woman Creek wetland
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Chlorophya a

Water samples were taken at the 10 sites shown in
Figure 2.1 every two weeks and analyzed for chlorophyll a,
Fifty ml of fresh sample were filtered through a 0.45 pm
membrane filter; the filter was placed in a 50-ml centrifuge
tube using 15 ml of 90% acetone as an extractank The
extract was kept at a maximum of 4 C for at least 24 hours
and centrifuged to clarity. The top 3.5 ml was decanted into
a 1-cin path length spectrophotometer cell. Absorbances
were read at 750 and 665 nm, T1ie sample was then acidiified
in the spectrometer cell with 3 drops of 1 N HC1 to correct
for degradation using Loiear~n's �967! equation:

A665 - A665a
Percent Native Chlorophyll =�

0.7 * A665

where,

A665 = absorbance at 665 nm before acidification, and

A665a = absorbance at 665 nm after acidification.

Macrophytes

Estimates of macrophyte  Nelumbo lutea! productivity
were obtained with a technique which minimized harvesting
impact. During July and August of 1988 three 40-m tran-
sects were taken through Nelumbo patches and the

maximum diameters of the floating leaf heads were recorded.
Random measured plants were harvested and dried at 104'C
overnight, then weighed. The area under the transect was
then determined by summing the areas of each leaf  x r2!,
which allowed the calculation of dry weight/area  X dry

weights/ X rr r2!
The standard method of harvesting at peak biomass

 Vollenwieder 1974! was also used to test the reliability of
the new method. In April 1987, six randomly placed 1 in2
quadrats were placed in areas were Nelumbo was known to
grow. These were harvested at peak biomass  based on flow-
ering time! and the plants dried at 104'C overnight and
weighed. In 1988, eight 2.25 m2 quadrats were randomly
chosen and harvested in May, July, and at peak biomass in
late August. To provide an estimate of total uptake of nutri-
ents, twenty-five randomly selected samples from the
August harvest were analyzed for chemical composition by
the Ohio Agricultural Research and Development
laboratory.

The total area covered by Nelumbo was estimated from
infra-red aerial shdes of the wetland taken within one week

of the August 1988 harvest by the Ohio Department of
Natural Resources. The slides were projected onto a map of
the wetland, the Nelumbo patches drawn on the map, and

the area calculated by a digital planimcter.

Insolation

Daily insolation data were obtained from a continuous
recording pyroheliometer located about 35 km northwest of
the site at the light house on South Bass Island  in Lake
Erie!, The area for each day on a weekly strip chart was
ineasurcd by planimeter. Due to data gaps in the record
 Sunday is almost always incomplete!, weekly average
insolation was estima ted.

Results

Results of plankionic. metabolism in Old Woman Creek
are summarired in Table 3.1 and Figure 3.3. Complete data
on dissolved oxygen readings and calculations are given in
Appendix 3.1. Planktonic productivity peaked in late June
and mid-July, leveled off until late August, then fell in
early September to a level that was no longer discernible by
the diurnal method  during a brief cold spell accompanied by
heavy rainfall!, Productivity increased again in late
September and continued until cold weather. Ecological effi-
ciency on the particular day thc diurnals were done is
generally low. Chlorophyll a did not correlate well with
whole system metabolism measurements; however, when
average values for both whole system metabolism and chlo-
rophyll a are plotted together, they follow the same pattern,
and a correlation for thc means is significant  Figure 3.4!.
Annual gross planktonic productivity translates io a total
water column productivity of 976 g 02/m -yr. This is
equivalent to 366 g C/m -yr or 3,700 kcal/m -yr,

Floating-leaf vegetation  Nelumbo lutea! began to appear
in early May. Peak biomass occurred around late August,
and by late September most of the plants were dead or
decaying. The dry weights obtained for these plants from
the quadrat studies were compared to the weights obtained
from the transect-regression method  Figure 3,5a! and found
to yield similar results. The quadrat method suggested a
peak biomass of 160+ 30 g dry wt/m2 while the transect
method yielded an average ot 131 g dry wi/m2  Table 3.2;
see also Appendices 3.2 and 3.3!, Macrophyte net produc-
tivity, conservatively estimated by biomass at peak harvest,
s thus 75 g C/rn2 yr or 750 kcal/rn2 yr.

Phosphorus concentration of Nelumbo ranged from 2.17
to 6.07 mg P/g dry wt  ave std dev. = 3,41 + ].07 mg P/
g, n = 13!, An inverse relationship between leaf diameter
and phosphorus concentration was found  Figure 3,5b! and
was used to calculate the phosphorus stored in the Nelumbo
biomass in the wetland. Phosphorus in the biomass of the
macrophytes averaged 0,34 g P/m2 in the Nelumbo beds
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Table 3.1 Gross primary productivity of water column at Old Woman Creek wetland

All values in g Oq/m -day.2

weighted
mean +SD mean

station
5

mean +SD 7.1+3.2 6.7+1.1 6.7 +2.6 5.4+1.8 7.9+2.1 6.2+2.6

Table 3.2 Biomass and phosphorus concentrations of Nelumbo 1tttea for Old Woman Creek wetland

Phosphorus

mg/g dry wt

Quadru Method Transect Method

g dry/m, mean+SD g dry/m, mean

Sept 6 87

May 14 88

July 12 88

Aug 25 88

total/OWC 1987  kg!
total/OWC 1988  kg!

109+ 48

10+ 2

101 + 32

160+ 30

3.3125

3.4  n=3!131 �=3!

12,971
14,827 63.5

53

June 27 87

Sept 26 87
May 14 88
May 28 88
June 19 SS
June 27 88

July 12 88
July 26 88
Aug 25 88
Sept 24 88

10.8

6.9
6.2

4.0

7,1

7.6

13,8

3.7
5.9
8.4

7.6

9.7
7.7

6.0
7.7

5.8

7.4

8.1
5.8

5.3

6.1
2.8
7.7

4.1

9.1
9.8

7.8
2.7
4.5

7.7

6.8

3.0
6.5
6.8
7.2

5.2
4.9

2.5

5.4

3,2
8.1

4.1
10.6
7.8

6.0
7.8
8.9
9.9

6.4
2.1

8.1

4.4

9.5
9,0

3,5
5,9
2.6

6.3

7.2 +2.1 6.8

4.9 *3.2 5,3
7,4 +0.77 7.6

4.3+0.98 4. 1
8.4+1.6 7.7
7.8+1.4 7.4
7.6 +3.4 7.0
5.6 +2.2 6.4
5.4 +2.1 6.1

6.7 +H.6 6,7
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Figurc 3.3 Annual patterns of insolation, gross primary productivity, and solar efficiency for Old%'oman
Creek wetland open water in 1988
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during July and August  calculations shown in Appendix
3.2!.

Discussion

As the waters warm and cool, and as the nutrient and
sediment loads change, so do the planktonic communities
 Wetzel 1983!, Planktonic productivity is high during the
initial diatom blooms in Old Woman Creek wetland as the

water begins to warm. Throughout the summer, productiv-
ity is high and seems to be limited only by the length of
the day. Since the waters are turbid, photoinhibition is
probably not significant. However, significant changes
must be occurring in the planktonic community structure.
For the majority of the growing season, the wetland is
dominated be small green flagellates and Buglenas, suggest-
ing that climax communities never form or that nutrients

are in such high supply that reproduction continually
exceeds losses. Kreiger �985! noted dramatic changes in
planktonic population assemblages of Old Woman Creek
wetland. This may explain why chlorophyll a values do not
correlate with whole system metabolism values. As the
community moves from diatoms or cyanobacteria to green
algae, the chlorophyll a increases, but the productivity may
not. Additionally. community structure is affected by hydro-
logic conditions. If the barrier beach is open, a large
number of lake plankton may be found in the water. During
storms, the plankton populations may be almost
completely flushed out into the lake, allowing the estab-
lishment of pioneer communities  Klarer 1989!.

The presence of macrophytes did not significantly alter
productivity in the water column, even though they covered

Seasonal Patterns of Planlttoni c and /if acrophyte Productivi ty

a significant portion of the wetland. Even at peak plant
biomass, those sites in or near ¹luntbo beds did not vary
greatly from the other sites. In fact site 4, which had the
most influence from Neluntbo, was often the most produc-
tive site.

Old Woman Creek wetland is relatively productive on
a planktonic basis, but it lacks the higher productivity
values that can be obtained in marshes where difTerent types
of vegetation are prevalent. Typha, Scirpus, and similar
wetland plants may have up to 5 times more biomass at
peak harvest than did the ¹lunrbo harvested here  Westlake
1963, Good et al. 1982!. This makes sense when one

considers the nature of Nelumbo. Aquatic macrophyte
productivity usually averages around 500 g dry wt/m2
 Westlake 1963; Good et al. 1982!. On the low end of the
scale are water lilies, which range around 250 g dry wt/m2
 Good ct al. 1982!. Our ¹lurnbo beds werc approximately
60 percent as productive as this benchmark. A Neluntbo
based wetland, created presumabiy by high water levels,
will never have ihe macrophyte productivity characteristic
of many other types of wetlands where emergent plants
such as Typha and Sci rpus dominate.

At lower water levels, many more emergent species have
been present at Old Woman Creek wetland  Marshall and
Stuckey 1974!. Lower water level would probably increase
macrophyte productivity but the more significant contribu-
tions of the plankton may be lost as water volume woufd
be less. However, it is unlikely that planktonic producbvity
would decrease in direct proportion to water volume, espe-
cially because highest productivity values were often seen
in the shallowest portions of the wetland
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Figure 3.4 Comparisons of chlorophyll a concentrations and primary productivity in Old Woman Creek wetland for
1988: a! average productivity compared to chlorophyll readings; b! regression ol'diurnal productivity at
each site versus chlorophyll at each site
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Figure 3.5 Relationships of a! plant dry weight and b! phosphorus concentrations versus leaf diameter for
Nelumbo lutea from Old Woman Creek wetland
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Appendix 3.1 Diurnal dissolved oxygen of Old Woman Crcejr and productivity calculations

27- Juj-87 hour

21;30 I:00

Concentration
14.00 9.70

12.20 10.40

14,00 12.50

12.00 1 1.20

11.50 9.80

f Change in
-1.23 -0,60

-0.51 -0,57

-0.43 -0.70

-0.23 -0.33

-0,49 4.50

of change in
-0.86 -0.42
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Appendix 3.2 Vegetation transect data for Nelumbo iutea at Old Woman Creek wetland

Jul-88
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9.09

20.55
8.90
7.45
22.74
23.83

2.88
3.25
3.81
3,62
3.61
3.21
3.48
2.34
3.48
2,34
3.48
2.34
3.18
3.12
2.57
3.02
3.39
2.34
4.26
2.B1
3.30
2,89
4.08
3.85
3.62
3.21
3.94
3,53
2.75
2.57
2,98
3.25
3.44
3.76
3.39
2.89
2.98
3.62
3.78
3.39
2.88
2.98
3.62
3.76
2.80
3.35
3,90
3.71
2.75
3.90
3,85
2.57
2.47

54.61
47.34
30.42
36.87
30.42
48.43
41.17
59.50
41.17
59.50
41.17
59.50
49.46
50.44
58.34
52.26
43.79
59.50
10.81
57.96
46,21
54.81
19.26
28.69
36.87
48.43
25.07
39.79
58.51
58.34
53.09
47.34
42.51
32.11
43.79
54.8 1
53.09
38.87
32.11
43.79
54.61
53.08
36.87
32.11
55.93
45.02
26.90
33.75
56.51
26.90
28.69
58,34
58.95

44
32
32
36
37
23
27
54
38
48
45
52
58
3f
26
59
37
30
50
48
43
24
23
27
40
37
32
38
37
40
57
48
44
35
50
38
42
22
44
55
33
53
26
53
17
52
33
32
31
28

39

1,52f
S04
804

1,018
i,075
4f5
573

2,290
1,195
1,810
1,590
2,124
2,734
755
531

2,734
1,075
707

1,964
1,610
1,452
452
415
573

1,257
1,075
804

1 ~ 134
1,075
1,257
2,552
1,810
1,521
962

1,964
i,i34
1,385
380

1,521
2,376
855

2,208
531

2,208
227

2,124
855
S04
755
618

16.73
i0.i8
10.18
12.38
1 2.91
5.27
7.45
22.19
14.00
18.92
17.28
21.10
24.92
9.83
6.90

24.92
12.91
9.09
20.01
18.92
16.19
5.81
5.27
7,45
14.55
12.91
10.18
13,46
12.91
14.55
23,83
18,92
16.73
11.82
20.01
13.46
15.64
4.72
18.73
22,74
10,73
21.65
6.90
21.65
f .99

21.10
10.73
10.18
9.63
8.00

3.07
3.62
3.62
3.44
3.39
4.03
3.85
2.61
3.30
2.89
3.02
2.70
2.38
3.87
3.90
2.38
3.38
3.7 'l

2.80
2,69
3.12
3.99
4.03
3.85
3,25
3.39
3.62
3.35
3.39
3.25
2.47
2.88
3.07
3.48
2.80
3.35
3.18
4.08
3,07
2.57
3.58
2.66
3.90
2.68
4.31
2.70
3.58
3,62
3.67
3,81

51.36
36.87
36.87
42.51
43.79
21.24
28.69
5'7.96
46.21
54.8i
52.2B
57,04
59.37
35.33
26.90
58.37
43.79
33.75
55.93
54.61
50.44
23.18
21.24
28.69
47.34
43,79
36.87
45.02
43,7.9
47.34
58.95
54.81
5't,38
41.17
55.93
45,02
49.46
19.28
51.38
58,34
38.35
57.52
28.90
57.52
8.57

57.04
38.35
36.87
35.33
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Au -88
Weight,

d wt
Phosphorus

P/ d wt P
Diameter,

cm
Area,
cm2

3,755.0.'
37,55

1 07.335

10 Seed Heeds

i, 158.58
11.57

25

345.32
3.45

grams ea,

Sum
Ave

Biomass g dry v,dm2131

65

30
34
19
42
37
47
42
43
48
34
36
29
17
35
15
38
59
35
29
51
31
38
38
35
39
33
50
Si
41
43
46
50
27
38
32
24
24
39
40
42
45
38
30
27
26
48
40
42
26
28
18
15
21
39

707
908
284

1,385
1,075
1,735
1,385
1,452
1,810
908

1,018
66'I
227
982
177

1, 134
2,734
962
881

2,043
755

1,134
1,018
982

1,195
855

1,984
2,043
1,320
1,452
1,882
1,984
573

1,134
604
452
452

1, 195
1,257
1,385
1,590
1,134
707
573
531

1,810
1,257
1,385
531
531
254
177
346

1 ~ 195

8.44
10.84
2.38
i 5.08
12.30
17,82
15.06
15.61
'18.37
10,64
11,75
7,88
1.28
11.20
0.16
12.85
24.44
'i 1,20
7.88
20,03
8,99
12.85
11.75
11.20
13.40
't 0.09
19.48
20.03
14.51
15.61
17.27
19.48
6.78
12.85
9.54
5,12
5,12
13.40
13.96
15.08
16.72
12,85
6.44
6.78
8.23
18.37
13.96
15.06
6.23
6.23
1,81
0.16
3,47
13.40

3.71
3.53
4.22
3.18
3.39
2.93
3.16
3.12
2.89
3.53
3.44
3.76
4,31
3.48
4,40
3,35
2,38
3.48
3,76
2.75
3,67
3.35
3.44
3.48
3.30
3.58
2,80
2.75
3.21
3.12
2.98
2.80
3.85
3.35
3,62
3.99
3.99
3.30
3.25
3.16
3.02
3.35
3,71
3.85
3.90
2.89
3.25
3,16
3.90
3.90
4.26
4.40
4.13
3.30

31.33
37.57
9.97

47.83
41.72
52.27
47.63
48.66
53.04
37.57
40.39
29.64
5.43

39.01
0.69

43.01
58.23
39.01
29.84
55.07
32.96
43.01
40.39
39.01
44,24
36.09
54.44
55.07
46.55
48.66
51.44
54.44
26.1 1
43.01
34.55
20,44
20.44
44.24
45.42
47.63
50.56
43.01
31.33
26.11
24,27
53,04
45.42
47.83
24.27
24.27
7.73
0.89
14.31
44.24

25
45
41
23
42
22
26
48
39
42
40
45
28
36
23
19
41
49
39
52
31
38
36
28
26
21
43
44
28
28
39
41
34
28
28
28
25
31
42
54
49
26
40
39
53
44

491
1,590
1,320
415

1,385
380
531

i,810
1,195
1,385
1,257
1,590
618

1,018
415
284

1,320
1,886
1,195
2,124
755

1,134
1,018
816
531
348

1,452
1,521
6't6

616
1,195
1,320
908
616
531
616
491
755

1,385
2,290
1,888
531

1,257
1,195
2,208
1,521

5.88
16.72
14.51
4,57
i5.06
4.02
6.23
i 8.37
13.40
15.08
13.98
18.72
7.33
11.75
4.57
2.38
14.51
18.92
13.40
20.58
8.99
i 2.85
11.75
7.33
6,23
3.47
15.81
16.18
7,33
7,33
i 3.40
14.51
10.84
7.33
8.23
7.33
5.68
8.99
15.06
21,68
18,92
6.23
13,96
13 40
21.13
i 6.16

3.94
3.02
3.21
4.03
3.18
4.08
3.90
2.89
3.30
3.18
3.25
3.02
3.81
3.44
4.03
4.22
3.21
2.84
3,30
2.70
3,67
3,35
3.44
3.81
3.90
4.13
3.12
3.07
3.81
3.81
3,30
3,21
3.53
3.81
3.90
3.81
3,94
3,67
3.16
2.61
2.84
3.90
3.25
3,30
2.68
3.07

22.38
50.56
46.55
18.45
47.63
16.40
24.27
53.04
44.24
47,83
45.42
50.56
27.90
40.39
18.45
9.97

46.55
53.77
44.24
55.84
32.98
43.01
40.39
27.90
24.27
14,31
48.68
49.84
27.90
27.90
44.24
48.55
37.57
27.90
24.27
27.90
22,38
32,96
47. 63
56.63
53.77
24.27
45.42
44,24
56.16
49.64
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Au 48
Diameter,

cm
'Weight,

d wt
Ares,
cm2

Phosphorus
P/ d wt m P

22.24
23.34
12.30
7.33
16.16
15.81
12.30
16.1 6
17.27
13.40
2.36
1.26

15.06
18.92
17.27
13,98

1, 190.41
11.79

25

47.53
53.77
51.44
45.42

3,844.38Sum
Ave

1 10,783
1,097

346 93
3.43

grams ea.
38.06

15 Seed Heads

Biomass 141 g dp wt/m2

66

35
48
23
35
30
44
29
48
36
35
27
23
37
26
35
44
28
39
27
21
20
29
34
30
27
41
48
42
38
58
47
43
47
43
42
38
13
36
28
24
33
43
43
47
35
42
24
21
30
29
49
46
38
34

962
1,810
4'I 5

962
707

1,521
661

1,810
f,018
962
573
415

1,075
531

1,018
1,521
618

1,195
573
348
314
661
908
707
573

1,320
1,810
1,385
1, 134
2,463
1,735
1,452
1,735
1,452
1,385
1 ~ 134
133

1,018
616
452
855

1,452
1,452
1,735
1,018
1,385
452
348
707
661

1,MB
1,662
1,018
908

11.20
18.37
4.57
11.20
8.44
1B.18
7.88
18.37
11.75
11.20
6.78
4.57
12.30
8.23
11,75
16.16
7.33
13.40
8.78
3.47
2.92
7.88
10.64
S.44
8,78
14.51
18.37
15.06
12.85
22.79
17.82
15.81
17.82
15.61
15.06
12.85
-0,95
11.75
7.33
5.12
'I 0.09
15.61
'f5.6f

17.82
11.75
15.06
5.12
3.47
8.44
7.88
18.92
17.27
11.75
10.64

3,48
2.89
4.03
348
3.71
3.07
3.76
2.89
3.44
3.4S
3,S5
4.03
3.39
3,90
3,44
3.07
3.81
3.30
3.85
4.13
4.17
3.78
3,53
3.71
3.85
3.21
2.89
3,'IB
3.35
2.52
2.93
3.12
2.93
3,12
3.16
3.35
4.49
3.44
3.81
3.99
3.58
3.12
3.12
2,93
3.44
3,16

4.13
3.7'I
3.75
2.84
2.98
3.44
3.53

39.01
53.04
18,45
39.01
31.33
49.84
29.S4
53.04
40.39
39.01
28.11
18.45
41 .72
24.27
40.39
49.54
27.90
44.24
28.11
14.31
12.17
29.84
37.57
31,33
26.11
48.55
53.04
47.63
43.01
57.42
52.27
48.66
52.27
48.68
47.83
43.01
-4.26
40,39
27,90
20,44
36.09
48.66
48.66
52.27
40.39
47.63
20.44
14.3'I
31.33
29.64
53.77
51.44
40.39
37.57

39
48
45
28
24
43
23
34
28
15
30
54
58
39
39
21
34
38
38
38
25
37
36
27
25
35
26
36
50
42
41
55
57
37
28
44
43
37
44
45
39
19
17
42
49
45
40

3S

1,195
1,810
1,590
818
452

1,452
415
90S
531
177
707

2,290
2,642
1 ~ 195
1 ~ 195
346
908

1,134
1,018
1,018
491

1,075
1,018
573
491
982
531

1,018
1,964
1,385
1,320
2,376
2,552
1,075
516

1,521
1,452
1,075
1,521
1,552
1,195
284
227

1,385
f,886
1, 882
1,257

13,40
18.37
18.72
7,33
5,12
15,81
4,57
10.64
6.23
0.16
8,44
21.88
23.89
13.40
13.40
3.47
10.64
12,85
11.75
11.75
5.68
12.30
11.75
8.78
5.68
11.20
8.23
1 1.75
19 48
15,08
14.51

3.30
2.89
3.02
3.81
3.99
3.12
4.03
3.53
3.90
4.40
3.71
2.81
2.43
3.30
3,30
4,13
3.53
3,35
3.44
3,44
3,94
3.39
3,44
3.85
3,94
3.48
3.90
3.44
2.80
3.16
3.21
2.57
2.47
3.39
3.81
3.07
3.12
3.39
3.07
2. 98
3.30
4.22
4.31
3.16
2,84
2.98
3.25

44.24
53.04
50.5S
27.90
20.44
48.88
18.45
37.57
24.27
0.69

31.33
55.63
58.01
44,24
44.24
14.31
37,57
43.01
40.39
40,39
22.38
41.72
40.39
26.1 1
22.38
39.01
24.27
40.39
54.44
47.83
46.55
57.05
57.74
41,72
27.90
49.64
48.66
41.72
49,64
51,44
44.24
9.97
5,43
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Au ~
Diameter,

cm
Weight,

d wt
Area,
cm2

Phosphorus
P! d wt m P

15,06
20,03

3,909
77,4

1 20,897
2,394

Sum
Ave

8 Seed Heeds

121 g dry wt/m2Biomass

67

47
41
43
42
30
40
34
41
33
38
50
38
50
36
61
38
47
28
24
43
20
62
23
30
45
38
22
Bi
30
31
38
33
48
47
54
43
40
57
53
39
35
39
27
26
45
24
45
35
33
26
34
16
38
22

'1,735
1,320
1,452
1,385
707

1,257
908

1,320
855

1,134
1,964
1,134
1,964
1,018
2,922
1,134
1,735
616
452

1,452
314

3,019
415
707

1,590
1,134
380

2,922
707
755

1,134
855

1,810
1,735
2,290
1,452
1,257
2,552
2,206
1,195
962

1,195
573
531

1,590
452

1,590
962
855
531
908
201

1,134
380

17.82
14.51
15.81
15.06
8.44
13.96
10.64
14.51
10.09
12.85
19.48
12.85
19.48
11.75
25,55
12.85
17.82
7.33
5.12
15.61
2.92
26.10
4.57
8.44
16.72
12,85
4.02
25.55
8.44
8.99
12.85
10.09
18.37
17.82
21.68
15.6 '1
13,96
23.34
21.13
13.40
11,20
13.40
6,78
6.23
16.72
5.12
16.72
11,20
10.09
6.23
10.64
0.71
12.85
4.02

2.93
3.21
3,12
3.18
3.71
3.25
3.53
3.21
3.58
3,35
2.80
3.35
2.80
3.44
2.29
3.35
2.93
3.81
3,99
3,12
4.17
2.24
4,03
3.71
3.02
3.35
4.08
2.29
3.71
3.67
3.35
3.58
2.89
2.93
2.81
3.12
3.25
2.47
2.68
3.30
3.48
3.30
3.85
3.90
3.02
3.99
3.02
3.48
3.58
3.90
3.53
4.36
3,35
4.08

52.27
46.55
48.68
47.63
31.33
45,42
37.57
46.55
36.09
43.01
54.44
43.01
54.44
40.39
58.S1
43.01
52.27
27.90
20.44
48,88
12.17
58.58
18,45
31,33
50.56
43.01
16,40
58,51
31.33
32.96
43.01
36.09
53.04
52,27
56.63
48.88
45.42
57.74
56.16
44.24
39.01
44.24
26.11
24.27
50.56
20.44
50.56
39.01
36.09
24.27
37.57
3.08

43.01
16.40

42
51
44
49
42
21
28
45
59
17
38
32
29
19
36
21
49
37
36
35
32
40
23
61
39
35
22
22
33
35
19
45
64
45
34
39
58
38
21
10
50
30
34
47
39
45

38

1,385
2,043
1,521
1.886
1,385
348
616

1,590
2,734
227

1 ~ 134
804
661
284

1,018
346

1,886
1,075
1,018
962
804

1,257
415

2,922
1,195
962
380
380
855
962
284

'1,590

3,217
1,590
908

1,195
2,642
1,134
346
79

1,964
707
908

1,735
1,195
1,590

18,16
18.92
15.06
3.47
7.33
16.72
24.44
1.26
12.85
9.54
7.88
2.36
11,75
3,47
18.92
12.30
11.75
11.20
9.54
13.96
4.57
25.55
13,40
11.20
4.02
4.02
10.09
11.20
2.36
16.72
27.20
16,72
10.64
13.40
23,89
12.85
3.47
-2.60
19.48
8,44
10.64
17.82
13.40
16,72

1.259.26
24.94

25

3.16
2,75
3.07
2.84
3.18
4.13
3,81
3.02
2.38
4.31
3.35
3,62
3.76
4.22
3.44
4.13
2.84
3.39
3,44
3,48
3.82
3.25
4.03
2.29
3.30
3,48
4,08
4,08
3.58
3.48
4.22
3.02
2,15
3.02
3.53
3.30
2,43
3,35
4,13
4,63
2.80
3,71
3.53
2.93
3,30
3,02

336.79
6,67

grams ea.

47.6
55.0
49.6
53.7
47.6
14.3
27.9
50.5
58.2
5.4',

43.0
34.5
29.8
9.9;

40.3
14.3
53.7
41.7
40.3
39.0
34.5
45,4
18.4
58,5
44.2
39.0
16,4
16.4
36.0
39.0
9.9'

50.5
58.5
50.5
37,5
44.2
58.0
43,0
14,3
-12. 
54.4
31,3
37.5
52.2
44,2
50,5
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Hydrology of a Freshwater Coastal Wetland
During Severe Drought Conditions

William J. Mitsch
Brian C. Reeder

Cynthia Carlson

So � � S; + P � FT - AV/ht

Introduction

The hydrology of a wetland plays a significant role in
that wetland's biogeochemical processes and biological
integrity  Gosselink and Turner 1978, Milsch and
Gosselink 1986!. It is constructive to develop hydrologic
budgets of wetlands for estimating nutrient budgets and
pauerns of productivity. Hydrologic budgets arc also neces-
sary for the development of simulation models that
accurately portray the biological functions. High flow-
through conditions, for example, can stimulate the produc-
tion of some wetlands while decreasing the productivity of
plankton-based systems. This chapter develops a hydrologic
budget for Old Woman Creek wetland for a seven month
period over the 1988 growing season. This study has added
interest because there was a signilicant drought throughout
the Midwest through this period and thc wetland may have
provided a biological and hydrologic haven while thc rcsl of
lhe watershed was suffering for dramatic lack of water.

Old Woman Creek wetland is 1'ed primarily by a 68.6
km walcrshcd, The wetland is formed as a oackwater

behind a sand barrier beach that is frcqucnlly breached either
due to high water in thc wetland or storms surges along
Lake Erie. Therefore its water level rcflects the runoff from

uplands, the state of lhe barrier beach, and, if lhc beach is
open, thc water level of Lake Erie.

Methods

Daily rainfall waS reCorded at Old Woman Creek uSing a
National Oceanographic and Alrnosphcric Administration
 NOAA! certified gauge. Daily inflows  at lhc Darrow
Road bridge! and wetland levels  near lhe center of lhe

marsh! werc recorded by Ihc United States Geologic Survey
 USGS!, Evapotranspiration was estimated from evapora-
tion pan data measured at Old Woman Creek. On days
when the pan was not functioning properly, values from
pan evaporation data al Tiffin, Ohio were used. Ken Kricger
 pers. comm.! averaged the data to obtain monthly esti-
mates. Daily evapotranspiralion  ET! was determined by
weighting the monthly averages by daily tempcralurcs and
multiplying the value by 0.7 to correct for thc effects of the
pan. The condition of the barrier beach was rccordcd daily
by Old WOman Creek Stai'f, The vOlume Of water in the
marsh was determined by integrating the values obtained
from a balhymelric survey on Oclober 11, 1988. Outflow
 or inflow from Lake Eric! was dctcrmincd using thc
following equalion:

where,

So = surface outflow  +! or Lake Eric Inflow  -!
S; = surface inflow
P = direct precipitation
ET = evapotranspiration

hV/ht = daily increase in water level

Results and Discussion

The water budget for March 1 through September 30,
1988 for Old Woman Creek is summarized in Figures 4,1
through 4.3. A complete set of data arc included in Table
4.1, The precipitation pattern reflects a significant drought
that occurred from early April through the middle of July
lhroughoul the MidwcsL Most of the surface inflow, which
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peaked at 300,000 m~/day in late March, was completed by
the end of April and did not resume through the rest of the
study period. The barrier beach was open for most of
March, half of April, and for a short period during May.
The wetland was open to Lake Erie for 50 days, or 23
percent of the study period. It is normal for the wetland to
be opened to Lake Erie during the spring and then closed
during the summer. The water level of the wetland reached a
high of 4.56 m above datum on May 8 before a storm of
only 1.37 cm led to a breakthrough of the barrier beach and
a water level drop of 4.01 m in two days. The barrier beach
was closed by May 16 for the rest of the study period, This
caused the water level to rise to 4.32 m before beginning a
consistent drop during the drought until a 2.6 cm rain
storm in late August.

The influence of Lake Erie on the wetland is most

significant, of course, while the barrier beach is open in
March through mid-May. Our calculations also show
several peaks of flow into the wetland, either from Lake
Erie or as an error estimate in the hydrologic budget

through the rest of the study period. These anomalies were
not frequent. In May, the water level in the wetland
increased S cm with no rainfall event and no increase in

inflow due to the stream. We estimated that 44,000 m3/day
entered the wetland from Lake Erie during that time. The
wetland again had a slight increase at the end of August  9
cm! that suggested 24,000 m~/day from sources other than
those measured.

We provide an estimate of the daily water budget for the
study period of March through September 198S in Figure
4.3. Surface inflow from the watershed averaged 15,200
m /day while Lake Erie is estimated to provide 3,500 m /
day on the average or 19 percent of the surface flow into the
wetland, As expected, evapotranspiration was 80 percent
higher than precipitation during this summer of drought.
The water level actually increased slighfly during the study
period by 7,000 m3/day, even with the drought conditions.
Outflow from the wetland to Lake Erie averaged 17,200
m3/day,
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Bioavailable Phosphorus and a Phosphorus
Budget of a Freshwater Coastal Wetland

Brian C. Reeder

William J. Mitsch

Introduction

Wetlands can be important bul'fcr systems between
uplands and deepwater aquatic systems, often serving as
temporary or permanent sinks for water and chemicals as
they travel downstream  Mitsch and Gosselink 1986!,
Wetlands have been called the "kidneys of the landscape"
 Mitsch and Gosselink 1986! due to their capability to
"treat" inflowing waters and release them to the outflow
cleansed. This ability is understood well enough to allow
the use of wetlands for treatment of point sources of pollu-
tion such as sewage  Hartland-Rowe and Wright 1985;
Odum et al. 1977; Kadlec 1979! and acid mine drainage
 Fenncsy and Mitsch 1989!.

Nonpoint pollution is one of the major problems to
downwatcr areas in agricultural landscapes  Pcvcrly 1982;
Baker et al. 1985; Kunishi and Glotfelty 1985; Kunishi
1988!, Even if all phosphorus from point sources was elim-
inated from Lake Erie, nonpoint phosphorus could stil1
cause major water quality problems in Lake Eric. About
90% of the phosphorus put onto larm fields is lost because
the orthophosphatc fertilizer is quickly sorbed by soil parti-
cles and/or bound chemically with cations such as iron,
manganese and aluminum. Since phosphorus binds to soil,
the initial solution was to control erosion; however, since
the clay fraction sorbs phosphorus preferentially, erosion
control techniques such as no-till and low-till farming tech-
niques actually increase bioavailablc phosphorus in runoff

 Oloya and Logan 1980; Logan and Adams 1981!.

Wetlands act as hydrologic barriers to these suspended
sediments by slowing incoming waters and spreading it
over a low energy landscape. Consequently, river sediments,

often laden with phosphorus, tend to deposit at lower flow
velocities of wetlands  Peverly 1982!. Once in the wetland
system, this phosphorus may remain permanently buried or
be bound or transformed by the wetland's abundant biotic
systems,

Great Lakes Wetlands as Nutrient Sinks

Thc role of Lake Erie coastal wetlands in mitigating
eutrophication and/or population shifts in Lake Erie's
aquatic communities duc to nonpoint pollution from the
agricultural watcrsheds is not known. Lake Erie's coasthne
was once fringed by large wetlands which may have acted to
halt downstream eutrophication. The small percentage of
natural wetlands that remain may help in the control of
phosphorus from agricultural runoff.

The Laurcntian Great Lakes coastal wetlands are different

from many previously studied wetlands. Their hydrology is
estuarine if they are undiked and open to the lake and yet
they are completely freshv ater systems. They are often
highly productive. When open to the lake, seiches can have
an effect on nutrients in Great Lakes wetlands, In addition

to affecting soil chemistry and productivity  Gosselink and
Turner 1978; I.yon et al. 1986!, Sager et al, �985! found
that Lake Michigan seiches caused fluctuations of every
major nutrient in an adjacent wetland. Levels of phosphorus
rose and fell with the water level. Kreiger �985! and Klarer
�988! found lake plankton in Old Woman Creek wetland
during high lake levels and conversely after prolonged heavy
storm events, the wetland plankton were exported to the
lake.
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Methods

TP by 400
per sulf'ate
digestion,

200

0 100 200 300 400 500 600

TP by perchloric acid digestion, ttg/ I

Figure 5.1 Comparison of phosphorus concentrations using the persulfate and perchloric acid digestion methods
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Phosphorus cycling has been investigated previously at
Old Woman Creek wetland. Heath �987! investigated
inflow and outflow concentrations of phosphorus in Old
Woman Creek wetland. He found a significant seasonal
reduction in the amount of total phosphorus leaving the
wetland and noted that during the growing season bioavail-
ble phosphorus decreased as water moved towards the
outflow. He also found that phosphorus uptake was depen-
dent on planktonic activity, not on sediment absorption-
desorption kinetics. Based on the nutrient availability,
laboratory bioassay results, and the lack of phosphomo-
noester production, he concluded that plankton were not
phosphorus limited. Klarer �988! suggested that the
wetland's physical structure is conducive to regulating the
amount of phosphorus that gets to the lake, He found that
most of the sediments remained in the marsh and were not

exported to the lake even after strong storm events. In fact,
up to 70 percent of the storm water orthophosphate was
retained in the marsh, He also found that orthophosphate
was diluted during storm runnoff, and it seemed to be asso-
ciated with the sediment fraction of the water. Both Heath

�987! and Klarer �988! lacked critical data on inflow rates
ner~ary to calculate a mass baIance.

Water samples were taken at the ten sites shown in
Figure 2.1, which includes an upstream site that receives

little to no lake water, and a lakeshore water site. Samples
were taken monthly or every other week with acid washed
bottles and the water levels recorded. When the samples
were taken the temperature, pH  portable meter � calibrated
with 4.0l, 7.00, and 10,00 standards!, and conductivity
 portable Hach meter! at each site were also measured.
Within two hours of collection 100-ml of each sample was
filtered through a 0,45 pm membrane filter  soaked over-
night in distilled water to remove any traces of
contamination!. The filtered water was immediately placed
in a freezer and the filter and filtr~t retained for chlorophyll
a measurements. The samples werc placed on ice in the
field, then kept from -5 to 4'C until analyzed. Samples
were analyzed for all chemical species within 72 hours of
collection.

Total suspended solids  TSS! were measured according to
Standard Methods  APHA 1985!. One Hundred ml of
sample was vacuum filtered through a dry, prc-weighed
0.45 Itm glass fiber filler. The filter and filtrant were dried
for at least 24 hrs. at 104'C, and the increase in weight
determined. Twenty-five ml of sample was then tested for
turbidity with a Hach colorimeter  Hach Chemical
Corporation 1984!.

Bioavailability of phosphorus was ascertained by meas-
urements of three phosphorus fractions following the
guidelines of Logan et al. �979! for Great Lakes tributar-
ies. Soluble reactive phosphorus  SRP! was determined as
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molybdate reactive phosphorus  after APHA 1985! which
passed through a 0.45 pm membrane filter. Total phos-
phorus in unfiltered  TP! and filtered  TSP! water was
determined as othophosphate released after digestion with
ammonium persulfate. Particulate phosphorus  Part P!
was considered the difference between TP and TSP,

The persnlfate method was checked against the more
rigorous perchloric acid digestion  after Sommers and
Nelson 1972! to determine if it was releasing all of the
phosphorus to orthophoshate. Figure 5.1 shows a compar-
ison of the two methods for ten water samples from Old
Woman Creek and nine samples taken from other western
Lake Erie wetlands  samples courtesy of D, Robb!. Even
with such a diverse array of samples, there was still less
than 2% difference between the two methods.

The persulfate digestion was carried out as described in
Standard Methods  APHA 1985!. Fifty ml of acidified
sample was treated with 1 ml sulfuric acid solution and 0.4
g ammonium persulfate. This was autoclaved for 30
minutes at 98-137 kPa, cooled, neutralized to a faint pink
phenolphthalcin with 5N sodium hydroxide then analyzed
for orthophosphorus.

A nutrient budget was determined using a combination
of data on hydrology  Chapter 4! and water chemistry.
Inflows and outflows of phosphorus were estimated from
phosphorus concentrations at the in flow, outflow, and Lake
Erie. When the barrier beach was closed we assumed that

no phosphorus was being exchanged with the Jake. Cycling
of phosphorus by plankton was determined from metabo-
lism measuretnents  Chapter 3! and from an assumed ratio

of 1 g P: 40 g C. To estimate macrophyte uptake,
randomly selected Nelumbo plant samples were analyzed for
phosphorus composition by the Ohio Agricultural Research

and Development Center  OARDC! laboratory in Wooster
 see Chapter 3!. OARDC analyzes nutrients by dry ashing
the sample, bringing it into solution, then recording emis-
sions on a Inductively Coupled Plasma Spectrometer  ICP!.
Phosphorus sediment concentrations and sedimentation rates
were determined from sediment core data presented in
Chapter 6 and represent average values over several years.

Water Chemistry

Concentrations of chemical parameters at the inflow,
outflow, and marsh are given in Figures 5,2 and 5.3
 Appendix 5.1 presents all the water chemistry data!.
Spatial variations in concentrations of phosphorus species
as they flow through the wetland are given in Figure 5.4.

The pH of the wetland water remained circumneutral

 annual mean of 7.9+ 0,7 std dcv!. The abundance of lime-

Bioavai /able Phosphorus and a Phosphorus Budget

stone in the watershed caused relatively high alkalinity and
some buffering . Diurnal shifts in pH were noted during
periods of high planktonic productivity  sometimes down to
6 during the night!. I ittle difference was seen between
inflow and outflow pH.

Conductivity, turbidity and total suspended solids gener-
ally had their highest concentrations at the inflow, then
decreased up to seven fold as the water flowed through the
wetland, Conductivity was very low in the inarsh towards
the end of the growing season, although during the same
period it stayed relatively t.he same at the bridge outlet,
Differences in turbidity and total suspended solids werc not

as pronounced during this same period as they were during
the spring and summer. The average. + standard deviation of

some of the chemical parameters are as follows: conductiv-
ity 510 + 133 pmhos/cm; turbidity 128 + 85 FIV; and
total suspended solids 123 + 100 mg/L.

Phosphorus concentrations tended to decrease as water
flowed through the wetland. Total phosphorus was morc
variable in its retention in the marsh, and is often higher at
the outflow. During the periods of high inflow concentra-
tions, outflow remained relatively low, Total soluble
phosphorus  TSP! usually dropped about 50-75 p.g/L from
inflow to outflow, but this was not consistent. TSP differ-

ences werc the greatest during thc periods of highest
productivity  Figurc 5.5!.

Liule correlation was found between most of the varia-

bles  Figure 5.6! except for turbidity and total suspended
solids which were highly correlated in a linear fashion
 Figure 5.7!. Turbidity and total phosphorus seem to be
associated with chlorophyll a. Total phosphorus also shows

some correlation with turbidity  hence suspended solids! and
conductivity. There was little statistical relationship
between total suspended solids and particulate phosphorus
 Figure 5.8!, Normally one would expect to find a delinite
relationship between particulate phosphorus and the amount
of suspended sediments in the wctJand. Due to significant
rcsuspcnsion in shallow waters, the seasonality of fertilizer-
laden sediments, and the scavenging of phosphorus by
smaller particles, no such relationship was found.

N utri crt t Bu dget

Two mass balances of phosphorus in Old Woman Creek

are shown in Figure 5.9, Figure 5.9a illustrates an estimate
of the inflow and retention of nutrients determined from

representative loading rates for similar Lake Erie watcrsheds

�.5 - 1.0 kg/ha-yr from Johnson et al. 1978, IJC 1980,
and Novotny 1986! and from phosphorus removal efficiency

plots by Richardson and Nichols �985!. An input of phos-
phorus to the wetland of 6.1 to 12.2 gP/m -yr �7 - 33 rng-2
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Figure 5.2 Concentration of turbidity, conductivity, and total suspended solids at the inflow, outflow, and within
Old Woman Creek wedand over the 1988 growing season
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Figure 5.3 Concentration of total phosphorus, total soluble phosphorus, and particulate phosphorus at the
inflow, outflow, and within Old Woman Creek wetland over the 1988 growing season
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Figure 5.4 Concentration of total phosphorus PP!, soluble reactive phosphorus  SRP!, anti total soluble
phosphorus  TSP! by sampling site shown on Figure 2.1 over the 1988 growing season
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Figure 5.5 Change in total soluble phosphorus  TSP! from outflow to inflow compared to planktonic gross
primary pmductivity  GPP! and chlorophyll a through the study period

Figure 5.6 Correlation matrix of chemical parameters measured in Old Woman Creek wetland in 1988

pH

Cond.

FTU

Chl a

TP

SRP

TSP

TSS

Part P

pH Cond, FIU Chl a TP SRP TSP TSS Part P



Bioavaitable Phosphorus and a Phosphorus Budget

-100
0

Turbidity FTU

Figure 5.7. Regression of turbidity and total suspended solids for Old Woman Creek wetland from 1988 data
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Figure 5.8 Regression between particulate phosphorus and total suspended solids for Old Woman Creek
wetland from 1988 data
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P/m2-day! and a retention, ultimately in the sediments, of
2.9 to 4,6 gP/m -yr  8 - 13 mg-P/m -day! are estimated.2

Analysis of the data for the period March 1 through
November 30, 1988 presents a different picture  Figure
5.9b!. Because this phosphorus budget is for a drought
year, phosphorus loading from the watershed is considera-
bly less than that estimated from other watershcds for
normal years, Outflow of phosphorus, which is assumed to
occur only when the barrier beach is open, is estimated to
be 36 % less than the inflow. The Richardson and Nichols

model would have predicted a much higher decrease at this
low loading rate.

Sedimentation is considered the most important process

of intra-system cycling of phosphorus entering the wetland.
Our estimate of phosphorus retention by the sediments  8
gP/m -yr or 22 mg P/m -day! is an average over several
years from deep sediment cores taken from the wetland  see
Chapter 6!. It is considerably more than that estimated from
the Richardson and Nichols model, suggesting that there is
more phosphorus coming into Old Woman Creek wetland
than estimated by either madel in Figure 5.9.

Significant quantities of phosphorus are transformed by
the plankton system and a smaller amount transformed by
the wetland's macrophytes. Apparently the requirement of

phosphorus by the ecosystem was not met by the supply
coming from the uplands during this drought year. The defi-
cit had to be made up through internal recycling and
resuspension of phosphorus from the sediments. We have
previously suggested  Mitsch ct al. 1989! that phosphorus
in Old Woman Creek wetland may be transformed from

bioavailable to nonhioavailable forms by primary produc-
ers, Plankton seemed to be the most significant
transformer, since soluble reactive phosphorus levels
decreased the most when planktonic populations were most
producuve, Now we believe that there is a rapid recyciing of
phosphorus as weil so that an adequate amount is available
to support the productivity.

Although Old Woman Creek wetland is not dominated
by macrophytes, the floating-leaved vegetation  Nelutrtbo
lutea! also contributes to the transforming of phosphorus,
although their source is the phosphorus-rich sediments. We
estimated an uptake of 0.8 g P/m -yr or 0.3 mg P/m -day
by the macrophytes. The floating-leaved plants actually
may be pumping the nutrients from the scdIrnents to the
water column  when the leaves die and decay!, thus in effect
serving as a phosphorus source to the wetland.

We cannot conclude that Old Woman Creek wetiand is a
permanent sink of phosphorus based on our year of analy-
sis, particularly since it was during a drought year. However
soine of the inflow of phosphorus was lost before it reached
the outlet to the lake. Since the wetland is closed to the

lake throughout the growing season, bioavailable phos-
phorus has a good probability of being transformed or
buried before the barrier beach is again opened, O!d Woman
Creek wetland clearly has a major role to play in the nutri-
ent dynamics of its watershed, but it is more likely as a
nutrient transformer than as a nutrient sink. The accumula-

tion of sediments, described in more detail over the
wetland's history in Chapter 6, is the key to any Iong-term
retention of nu trients.
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a!

b!

Figure 5.9 Phosphorus mass balance using daily averages for Old Woman Creek wetland a! as estimated
from loading rates and Richardson and Nichois �985! model, and b! for the period March 1-
November 30, 1988 from data in this study; calculations for b! are in Appendix 5.2

9I
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Appendix 5.1 Water chemistry analysis of Old Woman Creek wetland, 19S8

TSS
mg/L

Site conductivity
pmhos/crn

pH chlorophyH a
rng/rn3

Total P SRP
p.g/L

TSP

92

1-Apr-88
1 8
2 7.9
3 78
4 7.7
5 7.7
6 78
7 7,9
8 8
9 78
10 7.9

24-Apt-88
1 8.4
2 8.8
3 88
4 8.7
5 85
6 87
7 85
8 8.2
9 8.9
10 8.2

14-May-$8
1 65
2 7
3 7.2
4 7
5 67
6 6,9
7 6.9
8 6.7
9 6,8
10 7.4

30-May-88
1 8
2 S
3 85
4 85
5 85
6 88
7 8,6
8 7.6
9 7,7
10 7.4

20- Jrr n-88
1 8
2 7.9
3 8.1
4 7,8
5 7.1
6 7.9
7 8
8 8
9 8
10 8.1

300
380
450
460
450
475
460
400
560
500

340
540
540
600
600
590
590
640
610
700

295
300
300
300
300
400
510
540
560
650

270
340
440
440
460
460
470
440
520
670

280
580
570
580
820
580
600
620
620
540

25
35
45
65
100
60
100
80
110
50

60
120
100
160
170
180
180
160
200
100

25
35
55
60
180
200
240
150
125
60

15
70
100
130
135
105
100
105
165
60

25
100
140
225
190
200
180
140
200
50

0 0 5
4 9 31
10

2 7 0

4
35
169
165
145
153
125
24
149
12

0 0 0 8 51
219
231
239
263
4

0
161
39
90
47
82
122
153
141
0

125
161
161
176
149
149
161
169
192
51

6 68
195
203
231
200
133
156
319
104

6
13
4
9
187
2&0
238
138
155
70

47
240
254
259
288
239
297
305
383
161

121
203
300
506
464
545
392
390
568
118

4.9
12,0
3.1
7.6
5.6
4.8
4.4
3.0
3.3
12. 1

2.1
2.3
3.7
$.3
4.1
3.1
3,2
2.8
3.6
7.2

6,1
1,9
2.2
2.4
2.2
4.4
2,9
3.7
3.7
6.3

4.4
2.1
3.2
3.7
3.9
4.8
4.7
4.1
3.8
6.6

6 29
48
57
68
74
34
44
88
29

6 8
4 8
45
64
59
31
49
27

52
62
67
57
75
65
75
74
70
82

76
36
47
40
56
6l
50
60
50
83

20
40
40
80
60
80
60
60
100
50

20
60
60
80
100
110
110
90
130
50

40
60
80
80
180
200
300
140
120
60

20
80
100
120
140
100
100
80
160
60

0
90
110
260
180
200
160
80
180
50
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Appendix 5.1 continued

t.urbidity
FTU

TSS

rng/L
const ttc tivity
pmhos jcm

TSP

Vg/L
Site chlorophyll a

mg/m3
pH Total P

Vg/L
SRP

28- Jun-88

13- Jul-88
1 7.7
2 7.6
3 81
4 7,9

7.9
7.9
8
7.8
7.9

10 8.7

26- Jul-88
1 8.6
2 7
3 8.4
4 7,8
5 8.2

8.4
8

8
9
10

7.9
4
8.1

9-Aug-88

25-Aug-8$

93

1

2 3

4 5 6 7 8
9
10

1

2 3

4 5 6 7 8 9 10
1

2 3
4 5

6 7 8
9 10

8.6
7
8.4
7.8
8.2
8,4
8
7,9
7
8.1

310
420
600
600
600
600
610
500
620
800

290
4&0
600
600
590
450
580
540
600
740

290
5&0
620
5&0
560
580
550
560
520
720

300
500
120
500
S00
540
450
500
520
700

100
110
140
600
300
200
480
210
290
60

60
150
240
140
375
275
275
190
180
70

40
95
140
135
160
180
200
210
190
185

20
70
90
120
110
90
90
100
&0
50

1&
95
90
100
120
60
100
95
90
60

67
216
169
255
188
196
212
212
270
39

35
102
145
263
219
294
259
290
329
67

0 133
165
169
192
408
251
231
321
27

0 133
314
129
219
204
184
231
133
145

254
2�
262
440
224
198
176
451
126
399

283
399
166
528
247
765
461
143
304
471

265
376
185
378
342
215
327
290
209
318

19
544
308
]58
173
232
286
212
156

227
2lo
71
100
117
68
187
600

142

2.2
2,4
4.9
3.3
3.9
2.2
3.1
2.7
4.1
7.7

5.5
3.8
5.2
6.0
5.6
5.1
6.2
6.5
7.2
9.9

2.6
3.4
5.2
4.6
5.3
6.1
7,4
5.5
5.5
9.9

2.5
2.2
2.4
2.1
2,7
3.2
2.&
2.4
2.2
3.4

47
67
85
73
59
61
101
125
103
179

58
75
71

60
63
53
64
52
43

14
71
27
13
14
69
53
44
149
192

1&.0
39.5
60.3
41.7
60.3
95.9
58.1
51.0
43.4

56
46
67
43

7 50
27
67
24
106

90
90
120
710
320
210
530
200
270
20

110
110
220
120
370
1&0
220
110
120
60

0 50
90
70
120
120
140
130
130
190

10
90
190
220
350
40
160
110
140
90
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Appendix 5.1 continued

Site conductivity
ttmhos/cm

pH TSS

mg/L

turbidity chlorophyll a
FTU mg/m3

Total P SRP Tsp

9-Sep-88

6-Nov-88

94

1

2 3
4 5

6 7 8 9 10
24-Sep-88
1
2
3
4
5
6
7
8
9
10

12-Oct-88
1
2
3
4
5
6
7
8
9
10

1

2 3
4 5
6 7

8 9 10

260
450
480
480
490
495
500
510
510
805

240
480
460
460
450
800
480
480
540
700

250
440
450
500
520
440
440
680
580
&50

20
100
100
150
120
100
130
140
120
60

20
70
90
100
100
120
130
100
80
60

20
100
150
140
110
320
165
130
115
1&0

0 184
137
278
200
172
102
188
227
106

0
180
55
169
219
176
86
212
200
0

55
119
197
152
238
229
266
335
402
916

376
352
1057
969
962
111
305
962
97
45

289
319
202
926
348
748
173
1324
609
182

138
179
277
262
202
368
1403
211
191
127

4.5
5.6
5.0
5.6
4.6
5.2
5.5
4.5
8,7
4.6

l2
58
16
52
48
40
83
113
97
181

4 8 8 7
45

8 9 6 7 ]5
21
64
52
127
78
109
65
132
69
149

25
28
48
52
40
81
67
35
51
87

10
80
100
100
90
l50
90
60
70
20

70
80
120
160
210
170
130
130
130
0
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Appendix 5.2 CaIculations for phosphorus budget in Figure 5.9b

1! Sedimentation
sedimentation rate = 0.73 cm/yr  Chapter 6!

bulk density = 0.63 g/cm3  Chapter 6!
average phosphorus content = 1.76 mg P/g  Chapter 6!
0.73 cm/yr x 0.63 g/cm3 x 1.76 mg P/g x 104 cm2/m2 x 1 yr/365 days
= 22 mg P/m2 day

2! Macrophyte Uptake
peak biomass = 64,000 g dry wt  Chapter 3!

64 kg/yr x lyr/365 days x 10 mg/kg /565,000 m2
= 0.3 mg P/m2 day

3! Plankton Cycling

gross primary productivity = 976 g O2/ m2 yr  Chapter 3!

976 g O2/ m yr x 12 g C/ 32 g O2 x 1 g P / 40 g C x 10 mg/g

= 25 mg P/m2 day

respiration = 914 g 02/ m2 yr
914 g O2/ m2 yr x 12 g C/ 32 g O2 x 1 g P / 40 g C x 10 mg/g
= 23 mg P/m2 day

4! Daily Inflow and Outflow of Phosphorus

flow  m3/day from Chapter 4! x concentration  mgP/m3! /565,000 m2
= flux  mg P/m2 day!

It was assumed that the barrier beach would not allow transfer of phosphorus when it was closed. If the lake was flowing
into thc marsh  negative outflow!, then the absolute value of the flow was multiplied by the Lake Erie phosphorus concen-
tration, rather than by the outflow concentration. This provided the Lake Erie inflow value. Daily values from March I,
1988 - November 30, 1988 were averaged for the mass balance,
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Brian C. Reeder

Quaternary History of
Old Woman Creek Wetland

Introduction

There is a paucity of information on the climatic, vege-
tadonal and water level histories of the Lake Erie Lake-

Plain and Till-Plain areas following the retreat of the

Wisconsin Glacier  maxima about 20K!, The western

portion of Lake Erie is surrounded by a Lake-Plain
 remnants of ancient lakes from previous glaciations and
glacial retreat! whose gentle slopes are conducive to the
formation of wetlands. Before drainage for agricuhure, much
of this whole area was known as the Great Black Swamp.
Few studies have been done to describe the hydrologic and
biogeochemical history of these wetlands to dctcrminc their
historic ecosystem functioning and values.

Old Woman Creek State Nature Preserve and National

Estuarine Sanctuary remains as one of the last remnants of

presettlement wetlands, The geologic history of the Old
Woman Creek area has been documented with the most site

specific study by Herdendorf �963!. The glacial history has
been described by Campbell �955! and the depositional
history by Buchanan �982! and Frizado et al. �986!. This

paper will explore the historic. hydrology and biogeochemis-
try of Old Woman Creek wetland through Ihe analysis of
sediment cores to estimate if and how the wetland functions

as a buffer between Lake Erie and the surrounding watershed

and to assess what changes occur with rising and falling
lake levels.

Review of Great Lakes Faleoecology
Most previous historic studies contain either incomplete

stratigraphies or poor dates, A regional history of vegeta-
tional changes along climatic gradients for the area is

provided in Braun �961! and Spear and Miller �976!.
Buchanan   l 982! provides an indescript pollen diagram for
Old Woman Creek wetland with a valid C14 date.

Major studies of poIlen and macrofossil areas near the
study site include those done at Sunbeam Prairie  Kapp and
Gooding 1964!, Silver Lake  Ogden 1966!, Corry Bog
 Karrow et al. 1984!, Nichols Brook  Calkin and
McAndrews 1980!, Refugee Road  Garrison 1967!, Pretty
Lake  Williams 1974!, and Frains Lake  Kerfoot 1974!. A
complete pollen zone stratigraphy for the area was devised
by Shane �987! who analyzed the data from previous sites,
as well as data from six of her own cores  Brown's Lake,
Battaglia bog, Quifiin, Stotzel-Leis, Carter, and Pyle!.
Other stratigraphies are available for fossil pigments in
Brown's Lake  Sanger and Crowl 1979! and diatoms at
Summit Lake  Gray and Olive 1986!. Analysis of sediment
chemistry to provide additional insight into understanding
the pollen, pigincnt, or diatom zones has been mostly
ignored.

Few studies have ever been undertaken to dctcrmine the

past hydrology of a Great Lakes coastal wetland over a long
time scale. Little data are availablc to directly deiermine the
fluctuations of recent Lake Erie water levels and their

effects on adjacent ecosystems, Currently, there are two
slightly different interpretations as to Lake Erie level fiuciu-
ations over the past 14,000 years. Coakly and Lewis �985!
and Herdcndorf and Bailey  l 989! agree about ancient lake
levels but disagree about the recent history. Analysis of
sediment chemistry can provide further evidence into how
lake levels fluctuated. lf a more accurate picture can be
determined, we may be able to determine if the adjacent
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wetIands move back and forth with rising and retreating
water levels, as suggested by Herdendorf and Braidech
�972! and Mitsch et al. �989!, and what effect this has on
biogeochernical cycling of nutrients.

Sediment chemistry has been used successfully to gain
insight into past biogeochemistry of lakes  Engstram and
Wright 1984, Davis et al. 1985, Engstrom et rd. 1985!, and
cauld presumably be used in wetlands. For example, analy-
sis of phosphorus from sediment cores has been used
successfully ta determine past productivity and trophic
status  Hutchinson and Wollack 1940, Livingstone 1957,
Livingstone and Boykin 1962, Williams et al. 1971,
1976a, b, 19SO, Holdren and Armsuong 1980!. In addition
to phosphorus, iron and manganese can be used ta recon-
struct past redox conditions because of their increased and
differential solubility under reduced conditions  Makereth
1966, Pennington et al. 1972!.

Methods

Coring was done on January 29, 1988 using a modified
Livingstone piston sampler  Livingstane 1955!. Two
parallel cores were sampled 30 meters directly North of the
Eastern "point" of Star Island  Fr'gure 2,1! � near the loca-
tion where a long core was drawn, analyzed, and dated by
Buchanan �982!. Cares were x-rayed before opening to
ascertain particle size fractianatians which may not be visi-
ble to the human eye. The x-rays were taken on 14 in. x
17 in. film with an exposure time of 28 seconds, and devel-
oped on an automatic industrial developer at the Buckeye

Steel Company.

Analysis of the x-ray films revealed that the first core
yielded approximately 2.5 m of sediment and the second
core yielded 5.3 meters of sediment., the depositional
patterns af both cores seemed to be identical  in regards ta
particle size!. The first core  brought up in 3 1-m casings!
has remained unopened. The longer core  brought up in 7
lm sections! was the subject of all subsequent analysis.
When not under analysis cares were stored in a refrigeratian
chamber at a constant temperature of 4'C. Once opened,
the cores were always kept wmpped in at !east three starward
width sheets of cellophane-type cling wrap. Both cares are
currently housed at the Old Woman Creek Visitor's Center,
where they are being analyzed far diatams.

Cherrristry

Fifty samples were taken for chemical analysis at 10 cm
intervals, starting 5 cm from the bottom of each core,
Within 72 hours of opening, the sediments were analyzed
for degradation products of the chlorophyllous pigments
 SCDP!. Analysis of SCDP followed the procedure of

Sanger and Gorham �972!, SCDPs were extracted from I-
cc samples with 100 ml of 90% acetone  the acetone was
added in 20 ml portions and shaken vigorously and exten-
sively with each addition, then allowed ta settle overnight
befare measuring absarbances! and measuring spectrophoto-
mic absarbances at 660-670 nm peaks in a 1 cm3 cell. The
values are expressed per grams organic matter in SCDP
units  see Swain 1985 for a discussion of the mits!.

To estimate organic matter a one cm 3 sample was placed
in a c'lean dry crucible, weighed, placed in a drying oven at
about 105'C for at least 24 hours, reweighed  dry weight or
water loss!, then plmed in a 550 C muffle furnace for one
hour, and weighed again  organic matter loss! after the
methodology outlined in Dean �974!. Sediment particle
size was analyzed for samples from the middle of each zone
of differential organic deposition by the OARDC labora-
tory using suspension analysis.

Aliquots of dried sediment �.8 g! were analyzed for
bioavailabie phosphorus  NaOH-P! after Chang and Jackson
�957! by placing them in 5 ml centrifuge tubes with 40
ml of 0.1 M sodium hydroxide. This was mixed mechani-
cally for at least 24 hours, then centrifuged for 15 min. at
2400 rpm. !n samples with high organic matter  	0%!,
concentrated sulfuric acid was added dropwise ta flocculate
the organic matter. After 50 ml of sample was acidified
with 5 N sulfuric acid to phenolphthalein end-point, the
samp'le was analyzed for orthophosphate  APHA 19S5!.

Perchloric acid digestions for total phosphorus  TP! in
sediments were carried out after Sommers and Nelson
�972!. A 0.1 g dried sample was pre-treated with 5.0 ml of
nitric acid and heated to dryness in a digestion tube to insure
no organic rnatter was available far explosive reactions. The
sample was then digested with 3 ml of 70% perchlaric acid
at 203 C for 75 min. The tube was cooled, diluted to 50
ml with distilled water, mixed, and allowed to settle over-
night. Next, 3 ml of the supernatant was removed and
neutralized with 5N sodium hydroxide to a p-nitrophenol
end-point in a 50 ml volumetric flask, and brought to mark
with distilled water. Standards were also carried through the
digestian process sa that an accurate standard curve conM be
crbtainexl, The extracts and standarrls were then analyzed far

orthophosphate  APHA 1985!.
Digestion of samples for Fe and Mn was done with an

Aqua Regia/HF mixture in Teflan bombs similar to those
described by Burnas �967!. Fifty mg of sample was taken
using a Teflon-coated spatula, taking care to get the sample
from the very center of the core barrel. The sample was
then placed in the Teflon vessel, and first completely satu-
rated with 0.5 ml of Aqua Regia, and then next with 3.0
rnl 48% HF. The container was sealed and secured in the
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bomb, then placed in a 110'C oven for one hour. After
cooling for at least 20 minutes in a -15'C freezer, the
bombs were opened and 2.8 g of boric acid with 5ml
distilled water added and stirred; the volume taken up to 40
ml with distilled water; then finally, taken up to 100-ml in
a volumetric flask. Standards for were made by mixing 0.5

ml Aqua Regia, 3.0 ml HF, and 2.8 g of boric acid with a
standard solution in a 100-ml volumetric flask.

Metals were determined using a model 451 Instrumental
Laboratory AA/AE Spectrophotorneter. The final concen-
tration was determined by the average of three readings,
with the standard error never exceeding 0.002. Manganese
was run at a 0.5 bandwidth at 279.5 nm; iron with a 0.03
bandwidth at 248 nm.

Patlert

Pollen was extracted by a modification of Faegri and
Iverson's �975! methods from 0.5-cc of sediment at 20 cm
intervals along the core  adjacent to sites of chemical analy-
sis!, and at 5 cm intervals along the zone of Ambrosia
intrusion. Samples were first washed with 9 ml of concen-
trated HCl in a 15 ml centrifuge tube to remove all
carbonates, and a known volume Ecalyptus pollen added.
Each satnple was then washed with 7-8 ml 10% NaOH, and
heated at 90 C for 15 minutes, then five-ml of 0.1 M

sodium pyrophosphatc was added to flocculate the organic
matter. The sample was then rinsed twice with 7-8 ml of
distilled water to remove the traces of pyrophosphate, and
dehydrated with a washing of 8 ml concentrated glacial
acetic acid  to prepare the poflen for acetolosis!,

Acetolosis solution was prepared by very slowly adding
10-ml concentrated sulfuric acid to 90 ml acetic anhydride,
then 7-8 ml of this solution carefully stirred into the
sample. This was heated in a digestion block until the
solution either reached a "guminy orange" consistency or a
30-minute time limit. The pollen was washed with glacial
acetic acid, then water, and then three umes with acetone.

The pollen was then extracted into 3 ml of bromoform/
acetone solution  specific gravity = 1.9!, and the superna-
tant placed in a clean centrifuge tube filled with 9 ml of
acetone, and the broinoform procedure repeated to yield a
solution with 6 ml of bromoform, 9 ml acetone and the

cleaned pollen. The final pollen was centrifuged, rinsed with
5-ml of ethanol, and mixed with I to 2 drops of glycerin/
saffarin solution and placed in a drying oven overnight.

Pollen was mounted on glass slides with glycerin and
counted with the aid of a computerized pollen counting
program  Eisner and Sprauge 1988!. Identification of pollen
was done at a 250 magnification on a light microscope.
Counts were made until 300 grains/depth werc counted  not

including Eucalyptus grains! when possible. In those
sainples with low concentrations of pollen, counts were
made to 200 or 100  dependent upon the amount present!.
The major keys used for identification were by McAndrews
et al. �973! and Kapp �969!.

Dating

Recent dating of the core was obtained from pollen anal-
ysis; the Ambrosia intrusion is considered to be a result of
deforestation due to European settlement  forest clearance
for ship building and agriculture occurring about 180 YBP
 Sears 1938!!. Older samples were taken from 1.96-2.01
m; 2,46-2.56 m; 2.83-3.03 m; 3.74-3.94 m; and the
bottom of the core �.13-5.33 m! and submitted to Beta
Analytic Inc. for 14C dating using international conven-
tional techniques. Samples were pretreated with repeated
washing of warm acid, washed with distilled water to
neutrality, sythesized to benzene and counted by Beta
Analytic. Low carbon samples were kept in extended
counting to insure the smallest possible error, According
to Beta Analytic, all inforination was rechecked and no error
was found, and the low carbon content did not cause signiii-
cant difficulties.

Results

Chemical Stratigraphy

The stratigraphy of the core is shown in Figure 6,1,
which also shows the dales and their relative position in the
core, and the particle size for three zones. The core contains
throe main zones: IV! a zone of intermediate organic content
consisting of silty loam  according to dating this is recent
sedimentation!; III! a high organic matter peat zone  from
about the time of final glacial retreat to the era of industrial-
ization!; and I! a very low organic matter zone of silty clay
 throughout a series of glacial events!. A fourth zone  II!
was determined as an intermetliate between zones I and III,

A diagram of the deposition of the chemical parameters
tested for is shown in Figure 6.2. Additionally, a correla-
tion matrix of all the chemical data is shown in Figure 6,3,

Organic matter content is closely correlated to productiv-
ity as evidenced frotn data on sedimentary chlorophyllous
degradation products. Me highest productivity  or the time
of maximal preservation of chlorophylls! is at 223 cm.
Productivity remains relatively stable  about a 3-fold
decrease from the initial peak! from 250 cm to the top of

the core, with the exception of two peaks  each about a 2-
fold increase! at 123 cm and 100 cm. The latter coincides

with a peak in phosphorus, as does the only record of
productivity in the lower portion of the core  at about 433
cm!,
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Phosphorus deposition is quite variable. The deposition
of bioavailable phosphorus  NaOH-P! decreases to nothing
or near nothing when productivity  organic matter and
SCDP! is highest. Peak values of NaOH-P correlate closely
with peak values for total phosphorus. Average + standard
deviation of total phosphorus  mg/g! for zones IV through I
are: 1.8+0.3; 2.OH!.3; 2,0+0.2; and 2. HO.3, respectiveIy.
Average + standard deviation of concentrations of NaOH-P
 mg/g! for zones IV through I are: 0.2+0.2; 0.03M.04,
0.06+0.04; and 0.2+0.2, respectively.

If manganese deposition rises in respect to iron deposi-

tions, it may be indicative of mildly reducing conditions
 Mackreth 1966!, thus providing a method of determining
paleoredox. FetMn relationships show eras of mildly
reduced conditions at about 503 cm, 438 cm, and at 368
cm. The increase in both iron and manganese at 63 cm is
indicative of a zone of migration due to oxidative conditions

in the soil. Average concenlrations of iron  rng/g! for zones
IV through I are: 42+ 5; 33+5; 3M3; and 36+5, respec-
tively. Average concentrations of manganese  mg/g! for
zones IV through I are: 0.35 +0.15; 0.2740.024;
0.25K!.006; and 0.36+0.22, respectively.

Pollen Stratigraphy

Pollen concentrations shown in Figure 6 4 were deter-

mined from the Eucalyptus spike, Zone III and IV pollen
was deposited at about 70,000 grains/cc; zone I and II
pollen at roughly 15,000 grains/cc. The marked decrease in
pollen deposition should coincide with either rapid sedimen-

tation, poor preservation, or lack of pollen producing
vegetation. Concentrations of individual types of pollen are
shown in Figure 6.5.

The pollen percentage diagram, shown in Figure 6.6,
outlines the environmental history of the area. The sharp
Ambrosia rise due to deforestation is at approximately 131
cm  lirst appearing at 203 cm!. There is also a rise of
another disturbance indicator, Chenopodium, at the height
of the rise �0-50 cm!. Trees and shrubs begin to arrive in
Zone II. Quercus, Uimus, and Carya are the first to arrive,
followed in Zone III by a sharp domination of Carya, and
the prevalence of Betuia and Pinus. In Zone IV, Quercus
and Salix dominate, and Ulmus, Jugians, Carya, Fraxinus,
Pinus, and Tilia are all present.

The little pollen found in zone I is dominated by hydro-

phytes, such as Nyphaeaceae, Typhaceae, and Cyperaceae,
along with some Lycopodiaceae and Granunae. No trees are
found in this zone. This is a contrast to Zone IV herbs,

which are dominated by Ambrosia, Graminae, Typha,
Compositae, Artemisia, and Nymphaeaceae, Graminae and
Cypcraceae are prevalent throughout all zones. An interest-

ing rise in Artemisia, Rumex, and Lycopodium coincides
with the appearance of trees in Zone II and the beginning of
Zone III.

Recent History

The most important parmeter in a historical investiga-
tion is to accurately define time. For this area of the United
States, the Ambrosia rise at 131 cm probably marks about
1&0 Years Before 19&8  YBP!. 11iis translates to a sedimen-

tation rate of 0.73 cm/yr. The rapid rate means that the
sampling regime provides a high resolution of this zone.

Lake levels must have been lower than present averages

at the time of peat formation, and/or some barrier must
have protected the marsh. However, the peat of Zone III
may not be a complete stratigraphy. Everett �988! shows
that the Sci rpus histsols such as the one found in this core
should deposit al about 1 crn/yr, more than an order of
magnitude more than the rate found. This could be
explained if the lake level rises periodically scoured portions
of this peat front the marsh. Evidence of this is seen in the
beach zone  uniform pebbles! between zones III and IV,
where the lake edge reached to this portion of the marsh,

Deforestation had a drastic effect on the marsh. As

marshes and forest upstream were channelized, the velocity
of the Old Woman Creek in~ due to increased flow and
intensity. In addition, the soils once held by vegetation
were now being emded and carried into the fast flowing
waters. As a result, the wetland began to silt in as sedi-
ments laden in the incoming waters precipitated out in the
low energy waters of the marsh. This caused the sedimenta-
tion rate to increase an order of magnitude. These changes,
coupled with rising marsh levels  due both to lake level rise
and increased inflow! changed the marsh from a Scirpus
dominated system  which deposited peat! to the marsh
currently found and described by Marshall and Stuckey
�974!.

An interesting phenomenon is that even under heavy
sediment loading, the marsh remains a wetland and does not
fill in. This has been observed under the drastic lake level

fluctuations of the past 15 years. Some hydraulic equili-
brium must be maintained as pollen shows it to remain
wetland, and the steep eroded edges ot' the marsh indicate
that it has existed under higher water levels  probably when
drowned further by high Lake Erie levels!.

Since deforestation, productivity has remained high, the
deposition rate of phosphorus has greatly increased, as has
the percentage of phosphorus which is bioavailable. During
the time of peat formation, almost no bioavialable phos-
phorus is found, Presumably, the rnacmphytes and plankton
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Figure 6.1 Stratigraphy of sediment core from Old Woman Creek wetland, with carbon-14 dales and sediment composition



gttaternary History of Old 'Woman Creek

1,0

0,8

0.2

0.0

0.3

SCDP 0.2

0,1

10

Figure 6.2 Patterns of organic matter  LOI = loss on ignition!, degradation products of chlorophyllous
pigments  SCDP!, iron, manganese, total phosphorus  TP! and bioavailable phosphorus
 NaOH-P! versus depth for sediment core

102

Total 2

P, mg/g

I
200

Fe, 100
mg/g

0

0.4

0,0

100

I 25 100 175 250 325 400 475 550
Depth, cm

04 NaOH-P,
mg/g

0.2

0.6 Mn
mg/g

0,4



Quarer nary History of Old Woman Creek

Depth Age % LOI 8! Tp

Depth

'/ LOI

TP

Mn

SCDP

Figure 6.3 Corrclauon matirix for chemical characteristics of sediment core, Abbreviations
as in Figure 6.2; BD = bulk density
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Figure 6,4 Total pollen concentration in sediment core from Old Woman Creek
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Figure 6.5 Concentration of pollen by species for Old Woman Creek wetland sediment core
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were transforming almost all of the bioavailable phos-
phorus into organic matter. As peat formation slopped and
loading increased, the ability of the marsh to work as a
biotic transformer diminished, but its abiotic ability to
permanently bury all the phosphorus forms was increased.
In fact, on a per year basis much more phosphorus is buried
now than when the marsh was forming peat.

Before Deforestation

Changes occurring during glaciation and just afterwards
are harder to ascertain with resolution from the present core.
Since glacial till was not reached, it is presumed that the
core represents post glacial events. No erosional event,
except for the possible scouring af the peal, is discernible
from the core. Carbon-14 dates show no inversions and line

up to show an even sedimentation rate  Figure 6.7!. AII
dates were in time zones where C14 dating is accurate,
however, the bottom 3 dates were taken from huge quanu-
ties of sample  up to 350 g!, and none yielded more than
0.5 g of carbon. Buchanan �982! came up with a sedimen-
tation rate of 0.076 cm/yr in a similar zone with an
excellent date  taken from a piece of wood!. When my dates
are examined, thc sedimentation rate. is much slower �.02
cm/yr!, and the core much older. This could explain the low
pollen concentrations.

A few problems arise from the above dating of the core.
First, pollen is shown as being deposited during a number
of glacial maxima, when the area is well known to have
been covered by about two miles of ice, Second, no

erosional events or glacial till have been noel throughout
this time span. Third, a fairly decent zonation pattern in
vegetation described by Shane �987! is completely absent.
However, if one assumes the sedimentation rate from the

samples with a high carbon content is correct �.064 cm/yr,
or nearly the same as the rate of 0.076 crn/yr obtained by
Buchanan �982!!, then the stratigraphy makes sense within
the current knowledge of the glacial history of the arcs.

There are, however, reasons against throwing out these
dates which otherwise look appropriate, It is possible that

Quaternary History of Old Woman Creek

there is some error m the known glacial history, bui given
the great number of Carbon-14 dates and other evidence
 Herdendorf and Baily 1989, Coakley and Lewis 1985!, this
is unlikely, When placed in a standardized flow chart to
determine the validity of C14 dates in this area  King
1985!, the dates fail to meet criteria for acceptance. A
number of explanations for inaccurate dates can be given: 1!
with such a small amount of carbon, even a slight contami-
nation Irom older carbon  it is a limestone watershed! could
significantly alter the results; 2! there is a probability that
plankton were processing older carbon, which could have
skewed the results significantly  no C13 data were availa-
ble to test this theory!; and 3! due to extensive glaciations

in the area, the deposited sediinenb may have beeri old.

Therefore, the following conclusions are based on the
two good dates. The bottom of the core is about 9,560
YBP. Since the sedimentation rate was so slow, this makes

the resolution of the chemical and pollen stratigraphies very
poor. Zone I may represent a post-gtacial lake bottom. The
sediinents are very similar, and an oxidized shallow lake
 near shore area! could account for the poor deposition of
SCDP and pollen. It is obvious that the first trees to forest
the area were Acer, Quercus, and Carya. Conifers came in
shortly afterwards, possibly due to some climatic cooling.
The oldest zones  just after glaciation! are dominated by
aquatic macrophytes, which would also be indicative of a
shallow lake nearshore zone.

As for ancient lake levels throughout this span, it is
possible that the changes that occurred were not gradual, but

fast and drastic. This closely follows the theory on punctu-
ated equilibrium most notably expressed by Gould. From
this core I suggest that the post glacial lake levels

suggested by Coakley and Lewis �985! and Herdendorf and
Baily �989! are in error by linking this zone with a slow
gradual rise. Figure 6.$ suggests an alternative pattern of
post glacial lake levels. A second theory suggests that this
evaluation is wrong because the barrier beach may maintain
some sort of equilibrium in the wetland,
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Appendix 6.1 Chemical data from sediment core of Old Woman Creek

Bulk Denstiy
g/crn3

LOI SCDP
SCDP

NaOH-P

mg/g
Depth
cm

Total P

mg/g
Age
YBP

Mn

mg/g

/09

528
518
508
498
488
478
468
458
448
438
428
418
408
398
388
378
368

358
348
338
328
316
306

296
286
276
266
256
246
238

228
218
208
198
188

178
168
158
132
122

112
102

92
83
73
63
53
43

33
23

9644
9479
9313
9147
8982
8816
8651
S485
8319
8154
7988
7822
7657
7491
7325
7159
6994
6828
6662
6497
6331
6132
5966
5801
5635
5469
5303
5138
4942

4785
4589
4394
4198
4022
3561

2963
2364
1766
180
166

153
139
126
ll]

97
84
70

56
42
29

3,47
4.19
3.23
2.88
3.09
3.76
3.28
3,27
3,42
4.67

3,03
3,21
4.27
2.85
3.84
4,91
3.67
3.26
3.16
2,71
2,34
2.75
2.l 1
3.79
2.53
3.43
5.60
9.90
12,15

13.6]
24.92
58.38

40.86
50.00
56,11
68.13
84,2]
71.97
81.82
18.45

11.82
3,75
7.91
3.77

4.57
6.62
5.22
6.69
7.09
6.48

1,32
1,38
1.55
1.46
1.42
1.36
1.43
1.44
1.49
1.61
1.59
1.46
1.22

1.54
1.41

1.30
1,44
1,56
1.62
1.58
1.54
1,49
1,38
1.24
].38
].25

1.00
0.81
0.64

0.57
0.32
0.19
0.28
0.20

0,18
0.16
0.15
0.13
0.13
0,3]
1.46
1.49
0.72
1.27
1.27

1,09
1.21
0.90
0.89
0.90

2.23
2.29
2.23
2.20
2.34
2.49
2.20
2.35
2.35

2.08
1.66
1.30
2,25
1.19
2,19
2.35
2.06
1,88
2.38
1.82
1.83
1.97
1.79
1.80
1.80
1.82

2.00
2,05
1.96
1,70
1.86
1.94
2. 17
2.38
2.43
92.94
1.70
1.88
1.89
1.63
1,24

1.77
1.82
1.74

1,53
1.82
1,68
2.29
1.68
1.97

0.11
0. 17
0.76
0. 15
0.07
0.08
0.07
0.1 1
0.1 1

0.05
0.09
0.07
0,14
0.08
0.08
O. l6
O. l4
0.14
0.64
O. l ]
O. l ]

0.63
0.10
0,26
0.1 1
0.18
0,10
0.02
0.10

0.02
0.08
0.02
0.02

0.02
0.02
0.02
0.02
0.02
0.02
0.15

O. I 0
0.57
0.15
0.18

0,10
0.18

0,09
0.43
0.03
0.35

35.2
30.4
30.6
44.2
44.2
34
33.6
424
44.8

36.4
31.6
34.4
29
36.6
40.4

39
45.4
44.2
36.8
38,2
33
37
32.6

33.6
29,6
31.2
27.8

33,2
33.8
34.4
34.8

36,6
38.6
32
33,4
22.4
32.8
32.2
37.4

26,6
19.6
19.2
24.6
15.2
] 87.8

10.8
25.8
29.2
56.4

0,3
0,3
0,3
0,42
0.5
0.78
0.92
0.36
0.28
0.78
0.24
0.28
0.3
0.22
0.3

0,%
0.9
0.26
0.22
0.26
0,2
0.24
0.28
0.22
0.26
0.28
0.18
0. 18
0.32
0.24
0.24

0.26
0,24
0.26
0.24
0,28
0.26
0.26
0.32
0.28
0.22
0.26
0.26
0.32

0,26
0.72

0,28
0.44
0.32
0.42

0.000
0.000
0.000
0.000
O.NN
0,000
0,000
O.OOO
O.OGO

0.013
0.000
0.000
0.000
0.000
0.000

0.000
0.000
0.000
O.OOG

0,000
0,000
0.000

0.000
0.000
0.000
0.036
0.038

0,077
0.295
0.350

0,139
0.123
0. l27
0.119

0.119
0.031
0.084
0.074
0.228

0,012
0.268
0.193
0.] 88
0.086
0,125

0,095
0,183
0.127
0.103
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Hydroperiod and Water Chemistry of
Diked and Undiked %'etlands in
Western Lake Erie

Doreen M. Robb

William J. Mitsch

Results and Discussion

Water Level Fluctuations

Introduction

The eleven marshes sampled during this study consist of
six diked marshes with artificially manipulated water levels
and five undiked rnarshes whose water levels change accord-
ing to the dynamics of the lake and bay level fluctuations
and incoming water from surrounding watersheds. Water
level fluctuation or "hydroperiod" is one of the single most

important forcing functions in a wetland, ultimately
influencing both water chemistry and vegetational patterns
 Gosselink and Turner 1978!. The water chemistry of a
wetland is an important indicator of the nutrient dynamics
and productivity of a wetland. Our study in diked and
undiked wetlands was undertaken to determine if the differ-

ences imposed by the dikes have led to any differences in
water levels and chemistry in these systems. We were inter-
ested in a synoptic survey of several wetlands in the
Sandusky Bay region rather than detailed study of one or
two sites to establish a baseline from which to direct more

intensive studies. Preliminary results from the study are
reported here.

Methods

The eleven marshes chosen for this study represent both
diked and undiked wetlands  Table 1.2 and Figure 1.4!.
Sampling siauons were established by placing staff gauges
 metered stakes! within major vegetationaL comrnunitics in
each marsh. Water levels represent relative changes over
the study period and not absolute numbers. The number of
stations per wetland varied from three to six based on the
marsh size and the vegetational diversity.

Water sainples for chemical analyses werc collected at

each sampling station over a six month period from May
through October 1988. Sample periods are referred to as
sample weeks 0 through 11 for this period. Sainpies were
collected twice a month during May  Week 1 and 2!, June
 Week 3 and 4!, and August  Week 6, 7 and 8! and monthly
during July  Week 5!, September  Week 9!, and October
 Week 10 and I i!, One-liter acid washed polyethylene
bottles were used for sample collection. Samples were kept
at 4 C until analyzed. Twenty percent subsarnples were
collected and analyzed to determine the natural heterogeneity
of the water mass and twenty percent replicates were
analyzed to determine the precision of the methods. Table
7,1 lists the methods used for chemical analyses.

Temperature, pH, and dissolved oxygen were determined in
the field. Due to diurnal fluctuations in thcsc parameters and
the impossibility of a consistent sampling time for all of
the wetland sites, these three field parameters are used for
reference and not reported in detail in the results.

Water level fluctuations for the undiked and diked

wetland study areas are presented in Figures 7.1 and 7.2,
respectively. In general, duc to below normal precipitation
in 1988, the undiked marshes show a general decline in
water level until all except Old Woman Creek were not able
to be sampled  Figure 7.i!, Pickerel Creek marsh water
level increased approximately 18 cin during the first week
duc to a Lake Erie seiche and was back at previous levels
the following week. The water level declined throughout the
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Table 7.1 Methods used for the chemical analysis of water samples

Method CitationAnalysis

pH 4.5 endpoint
electrometrically
electmnetrically
Cadmium Reduction

APHA �985!Alkalinity
Conductivity
Turbidity
Nitrate
Nitrite
Ammonia

Orthophosphate
Total Phosphorus

APHA �985!
APHA �985!
Zadorojny et al. �973!
APHA �985!
APHA �985!

Ascorbic Acid
Persulfate Digestion

//6

remainder of the study. Willow Point marsh water level
also increased 18 cm during the first week due to the Lake
Erie seichc and then declined until the fourth week, when
water levels could no longer be registered. This showed a
net decline of 9 crn in the first four weeks. Plum Brook

marsh water levels decreased by 8 cm during the first
sampling time due to a seiche and then returned to previous
levels, By the fourth sampling period, further sampling
was itnpossible due to low water levels. Sheldons Marsh

had a slower overall decline of 23 cm, probably due to the
direct connection to Lake Erie. Old Woman Creek water

levels are greatly influenced by the barrier beach that blocks
the only outlet of Old Woman Creek for most of the
summer. The beach was closed for all but one day of the
study. Thc water level rose during the first three weeks of
May by a total of 104 crn; however, as the drought contin-
ued, the water level dec~  see Chapter 4!.

The water manipulation strategy for tnost diked marshes
is to maintain lower water levels in the spring to protnote
vegetative growth, maintain water levels at a minimum
throughout the summer and then raise the water in the
autumn to attract waterfowl. This strategy is reflected in the
water levels measured  Figure 7.2!. Winous Point North
increased approximately 43 cm and Winous Point West
increased 15 cm over the study period, Water was pumped
from Sandusky Bay to both sites starting in rnid-June and
continued throughout the remainder of the study.
Approximately 5 cm were added every two to three weeks.
Ottawa Allen Pond and Ottawa Big Pond had net increases
of 11 cm and 38 cm, respectively, Bay View "B" water
level decreased 38 cm during the first three weeks of the
study until it could no longer be measured, The water levels
in Bay View Center had a net decrease of 15 cm. Water was
pumped from Sandusky Bay to the Bay View study sites
from June 24th to July 15th; however, the amount added
was not documented.

Water Chemistry

Pattcms for chemical parameters in sclcctcd diked

 Ottawa and Winons Point! and undiked  Old Woman Creek
and Sheldons Marsh! wetlands are prescnied in Figures 7.3
through 7.5. Tables 7.2 through 7.8 sumrnarixc least square
means of water chemistry in the diked and undiked marshcs.
Temperature, dissolved oxygen, and pH are not discussed
because of their diurnal fluctuations and the different times

of day at which they were collected. All water level and
water chemistry data for each marsh and station are listed in
Appendix 7.1.

Alkalinity � Alkalinity is related to the buffering capac-
ity of the water and is influenced by the carbonate and
bicarbonate content of the water. Because of plentiful lirne-
stone in the region, alkalinity should bc adequate in the

streams and wetlands of the region. Alkalinity averaged 161
mg CaCO3/I for the diked wetlands and 131 mg/I for the
undiked sites  Table 7.2!. No coiisistent trends were
observed for alkalinity in either the diked and undiked
wetlands. For example, alkalinity decreased slightly in
Winous Point North while it decreased and then increased

over the same period in Ottawa Big Pond  Figure 7.3!,
Alkalinity in Old Woman Creek, which was open to Lake
Erie only briefly in May  see Chapter 4!, and in Sheldons
Marsh, which is open to the Lake, appears to be cyclic but
the two patterns do not rnatch  Figure 7.3!.

Condttctivi ty � Conductivity is a measure of the total
dissolved ions in water. 'Ae diked and undiked marshes had

conductivities averaging 1,053 and 766 lrmhos, respectively
 Table 7,3!, Conductivity decreased in the wetlands that
received active pumping  Winous Point and Ottawa! while
it was relatively constant in the undiked wetlands through
the season  Figure 7.3!. Thc diked marshcs increased to a

peak during the fourth sampling period then decreased with
a final spike the last week. Within the diked wetland group-
ing, conductivity was generally higher in thc Ouawa
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Table 7.2 Alkalinity least square means for diked and undiked marshes

Undikcd Overall
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Figure 7.3 Alkalinity, conductivity, and turbidity in standing water of two diked wetlands E'Ottawa Big
Pond and Winous Point North! and undikcd wetlands  Old Woman Creek and Sheldons
Marsh!, May through October, 1988
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Figure 7.3 continued

Table 7.3. Conductivity least square means for diked and undiked marshes
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Figure 7.4 Ortho-phosphate and total phosphorus in standing water of two diked wetlands  Ottawa Big Pond and
Winous Point North! and undiked wetlands  Old Woman Creek and Sheldons Marsh!, May through
October, 1988
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Table 7.4 Turbidity least square means for diked and undiked marshes
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Table 7.5 Ortho-phosphate least square means for diked and undiked marshes
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Conclusions
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Shooting Club and Bay View B wellands than in Winous
Point and Bay View Center wetlands.

Turbidiry � Turbidity averaged 26 NTU in diked
wetlands and 57 NTU in undiked wetlands  Table 7.4!. The

dikes prevent inflows of sediment-laden streams and some-
times serve as wind breaks, ol'ten keeping the system in a
slate of lower turbulence, A rnanagemen  strategy in some
diked wellandS tO eliminate and/Or prevent Carp fram enter-
ing the wetland gives another reason why turbidity may be
generally less in diked wetlands. Turbidity in diked wetlands
generally declined during the study period as vegetation
stabilized the sediments. The undiked wetlands had an over-

all declining trend but with greater variability over the
duration of the study  Figure 7.3!.

Phosphor us � Ortho-phosphate averaged 73 pg-P/I for
diked marshes and 55 pg-P/I for undiked wetlands  Table
7.5!, while total phosphorus averaged 149 Itg-P/I for diked
wetlands and 237 Iig-P/1 for undiked wellands  Table 7.6!.
While the diked wetlands had lower concentrations of total

phosphorus, a greater percent of phosphorus was bioavaila-
ble �9%! compel to that in undiked wetlands �3%!. Part
of this may be due to greater water-column productivily in
the undiked wetlands. Ortho-phosphales reinained general! y
low in the plankton-dominated Old Woman Creek wetland
 approximately 30 Itg-P/I! compared to either undiked
Sheldons Marsh  concentrations start low at   25 Itg-P/I
but increase as water levels decrease! or the diked Winous
Point North  approximately 100 p.g-P/I!  Figure 7.4!. Total
phosphorus increased from about 100 to 400 Itg-P/I as
water levels decreased in undiked Sheldons Marsh while it

appeared to peak in June in Ottawa Big Pond before decreas-
ing to 100 Itg-P/I.

Ni rrogen � Nitrate-nitrogen  nitrate + nitrite! appeared
to be similar and relatively low in both the diked and
undiked wetlands. The nitrate averaged 0.36 mg N/I in
undiked marshes and 0.33 mg-N/1 in diked marshes  Table
7.7!. Winous Poinl North and Ottawa Big Pond diked
wetlands showed similar patterns of nitrates increasing in
late spring, then decreasing through the rest of the growing
season  Figwe 7.5!. Old Woman Creek wetland generally

had very low concentrations ol nitrate  �.2 mg-N/I!, while
Sheklons Marsh nitrate decreased dramatically as water level
decremA and the water was closer to the anaerobic sedi-

rnents  Figure 7.5!. Changing waler levels may encourage
denitrification by first causing nitrification during high
water then denitrification during low water levels, Nitrite-
rutrogen concentrations were low in general and averaged 3
and 6 Ilg/I for the diked and undiked marshes, respectively.
Ammonia-nitrogen trends for both types of marshes were
parallel with generally low concentrations  Figure 7.5!.
Averages were 0.05 mg-N/I and 0.04 mg-N/I for the diked
and undiked marshes, respectively  Table 7.8!.

Luniting Wurrienrs � The low concenirations of availa-
ble nitrogen  NO3 and NH4! and the pattern of rapidly
decreasing nitrate and ammonia nitrogen in some of the
wetlands  e.g. Sheldons Marsh, Figure 7.5! suggest that
nitrogen may bc the limiting nutrient in these wetlands.
The relatively low N/P ratios of available nutrients �.2: I
and 7,2: I for diked and undiked wetlands respectively! are
close to the ratio required of aquatic algae and macrophytes
of 7:I  Wetzel 1983! and therefore neither support iior
disprove the hypothesis of nitrogen limitation.

There are definite differences in hydroperiods between

diked and undiked wetlands that Ied to different biogeochem-
istry in each system. The water levels dropped precipitously
during the summer 1988 drought in the natural wetlands but
werc maintained with artificial pumping in the diked
wetlands. Our study showed generally higher conductivity,
alkalinity, aud ortho-phosphate in diked wetlands and higher
turbidity and total phosphorus in the natural  undiked!
wetlands. Inorganic nitrogen species  nitrate and ammonia!
were similar in the two types of wetlands. It is clear from
the above discussion lhat the physical  e.g., water depth,
time of season! and chemical variables measured in this
study are not independent of one another. Further correlation
analysis between variables and analysis of variance may
show additional patterns and relationships.
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Table 7.7 Nitzate least square means for diked and undiked marshes

Undiked Overall

Table 7.8 Ammonia least square means for diked and undiked marshcs
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Physical and Chemical Characteristics of Lake
Erie Coastal Wetland Sediments

William J, Mitsch
Greg McNelly
Doreen M. Robb

Introduction

Methods

The sediments of Lake Erie coaslal wetlands may be
different in chemical and physical characteristics, depending
on whether they are influenced by geologic exchange with
Lake Erie or upstream watershcds, or by vegetation produc-
tivity in lhe wetlands themselves. Morc importantly, a long
history af isolating weUands from exchange by flooding
rivers by diking may ultimately lead to depaupered sedi-
ments and changes in wetland productivity. Our study
looked at several physical and chemical characteristics af
nine coastal wetlands, five of which are sites in diked

wetlands and four of which are in undiked wetlands open to
Lake Erie and watershed exchanges.

In each of the nine wetlands, sampling stations werc
chosen on lhc basis ol three criteria: I! wetland vegetation
was present, 2! a sample core of at least 20 cm depth could
be obtained, and 3! the site was near the water sampling
slations for companion studies. The coring was done with a
clear plastic tube with an inside diameter of 3.3 cm, We
tube was driven into the sediment with a medium-sized

mallet, stoppered, quickly pulled from thc sediments and
cappe4I, The cores were then transported, in vertical posi-
tion, to lhc Ohio State University Stone Laboratory on
South Bass Island where they were placed upright in a
freezer and frozen solid. Freezing allowed efficient partition-
ing of thc core into segments of equal length. Each core
was divided, by hacksaw, into 5 crn segments, starting from
the bottom. The top of the core, which was a mixture of ice

and large pieces of organic rnatter, was di~. Each core,
then, had a volume ol':

Volume = rt r h= rr �.3/2cm! 5cm = 42.76cm3

The segments were allowed to melt in a crucible until
they could be pushed out of the plastic tube cleanly. The
inside of the tube was not rinsed to avoid contamination by
plastic shavings fram the cuning. Any large amounts of
sample that remained were scraped out with a spatula, The
crucibles had been acid washed  I0% HCl! and fired at
800 C for 10 minutes before each core was processed.
Samples were dried in a drying oven at 105 C far 4 ta 7
hours until constant weight. After weighing, the samples
were fired in a mufflc furnace at 550oC for 2-3 hours

depending on the original organic content. Subsamples were
checked to assure enough time to constant weight. The
ashed sediment samples were placed in acid-washed vials,
stoppercd, labeled, and sent ta the. Research Extension
Analytical Laborata~ of OARDC in Wooster, Ohio for
analysis ol pH, cation exchange capacity, P,K,Ca, Mg, and
Fe. Standard methods were used and are on record al the

laboratory. Concentrations from that laboratory are
presented in lbs/acre and are converted to ppm by dividing
by 2. Concentrations in mg/cm3 are calculated using the
bulk density of each core segment.

Results and Discussion

Results of the analyses are given in Tables 8.1 and 8.2
for the follawing diked and undiked wetlands in the study
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Lake Erie Coastal Wetland Sedi ments

Diked Marshes

Ottawa Shooting Club � Big Pond 2  OSL!

Ottawa Shooting Club � AHen Pond 3  OSS!

Winous Point Shooting Club � North 6 ~
Bay View Marshe~~ter 3  BVC!

Bay View M~B-1  BVB!

Undiked Marshes

Old Woman Creek National Sanctuary � 4  OWC!
Sheidons Marsh � 1  SHM!

Pickerel Creek � 3  PCK!

Willow Point � 2  WLT!

Figures 8,1 and 8.2 summarize average concentrations of
phosphorus, potassium, calcium, magnesium, iron, and
percent organic rnatter. With the exception of Sheldons
Marsh, which had the highest organic content  to a depth of
33 cm!, the undiked wetlands appeared to have a lower
organic content �0 percent! than the diked wetlands �5
percent!, This probably reflects the openness of the undiked
wetlands to flooding by inorganic sediments from Lake Erie
and upstream watersheds. Concentrations of available phos-
phorus were highest in Old Woman Creek, a wetiand that
has a significant input of high phosphorus sediments
 Klarer 1988, see Chapter 5!, Both samples from the diked
Bay View rnarshes on Sandusky Bay showed extremely low
concentrations of available phosphorus. These wetlands

also showed the lowest concentrations of potassium,
magnesium, and iron but were among the highest in
concentrations of calcium. The pH of the ashed sample
solutions was also highest in the Bay View marsh samples.
All of this suggests that the Bay View marshes are heavily
influenced by the limestone geology prevalent in this area
of Lake Erie and are dominated by calcium carbonate and
bicarbonate.

Depth profiles of phosphorus in the wetlands  Figure
8.3! suggest no consistent patterns with depth. The Bay
View marshes are different in concentration from the other
wethnds, but no general differences are noted between the
undiked and diked wetlands. There is an unexplained jump
in the concentration of phosphorus to about 131 itg/cm3 at
about 21 to 26 crn depth at Old Woman Creek Wet.land,
somewhat similar to a slight increase in the element noted
in Chapter 6,

The average values of the concentrations of available
phosphorus and several of the cations are compared with
those measured for a productive Sci rptts riverine wetland in
Wisconsin, for a rich fen in Michigan, and for a Typlia
marsh in Czechsiovakia in Table 8.3. Phosphorus and
magnesiuin concentrations in the Lake Erie wetlands are
low compared to these other wetlands, whiie calcium
concentrations are similar, and potassium concentrations are
genera!ly higher. Such comparisons are difficult, however,
without knowing more about the methodologies used in the
other studies.
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Figure 8.1 Concentrations of phosphorus, potassium, and calcium for diked and undiked Lake Erie coastal wetlands
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Figure 8.2 Concentrations of magnesium, iron, and organic matter for diked and nndiked Lake Eric coastal wetlands
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Figure 8,3 Profi]es of available phosphorus in a! diked and b! undiked marshes of'Lake Erie

Table 8.3 Concentrations of selected nutrients in Lake Erie coastal wetlartds cotnpared with other studies

Lake Erie Wetlands  n&!' 26+19

Wisconsin Riverine Wet]and 50-204

Czech Typha Marsh ]30

this study
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Introduction

Much can be learned by remote sensing of wetlands.
Remote sensing can be accomplished with the use of
aircraft at various altitudes and satellites. The choice of

platform depends on the area to be covered, the amount of
detail desired, and the funds available for the projecL Low-
aititude aircraft is relatively inexpensive and fairly effective
for surveying small areas. High-altitude aircraft may be
less expensive per unit area than low-altitude aircraft if large
areas are to be covered, as relatively large areas can be stud-
ied in detail on a single photo. Therefore, the total number
of frames needed to cover an area is less, which reduces the
cost. The most obvious disadvantage to the use of high-
altitude photography is the loss of some ground detail
which might normally be captured at lower altitudes. The
use of satellites such as LANDS AT is available at reasona-

ble cost, but docs not offer enough detail for most studies
unless a large amount of collateral data such as aerial
photography and field work are included  Mitsch and
Gossclink 1986!.

In addition to a choice of remote sensing platforms, thc
wetland scientist also has a choice of color infrared photog-
raphy, conventional color phauigraphy, or black-and-white
photography. Color infrared  CIR! film is more useful than
conventional color film for differentiating between land and
water, because of the lack of color contrast between them.

Because water absorbs infrared radiation to a great degree,
less of the radiation is reflected from water surfaces than

from surrounding land areas. Water bodies, therefore,
appear dark blue to black on infrared photos. This is espe-
cially important in the identification of wetlands, because

land-water boundaries are easily seen on C& photography.
In many cases a wetland area will be associated with open

water with patches of wetland vegetation located around it,
or with vegetation surrounded by areas of open water, In
some cases, however, ground truth may be necessary for
positive identification of wetland areas  Richasan 1978!.
Earth Satellite Corporation �972! conducted a study using
both black-and-white infrared and color infrared films as

well as conventional color film, They found that the color
infrared film was superior to the other two as a single imag-
ing media, but the conventional color film contributed
diagnostic signature data lor some plant species. They
suggested that wetland inventories should be conducted with
bath types of color film in the future. Shima ct al. �976!
used color infrared photography to delineate a tidal freshwa-
ter wetland complex in Maryland. They found for
photography in the spring that if "color IR photography af
a marsh is coinbined with careful field checking, vegetation
maps of similar marshes can probably be made with rela-
tively few spot checks." In the fall, vegetation in units
dominated respectively by yellow water lily  Nuphar

advena!, rose mallow  Hibi scux paluslris!, wild rice �~zania
aquatica!, and sweet flag  A corus cufamus! were recogniza-
ble from color IR photography. The relative abundance of
Polygonion spp. caused spectral signatures to vary for other
units and made vegetation identification more difficult.
Hardisky et al. �986!, summarizing many years of aircraft
and satellite sensing of coastal salt marshes, conclude that
aircraft film cameras offer "high spatial resolution and low
cost for mapping precise locations of small wetland areas."

These studies used remote sensing "to identify wetland
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«reas accurately and to locate and delineate areas of impor-
tant wetlands plant species"  Earth Science Corporation
1972!. The efficiency of the remote-sensing procedures
allowed the survey and subsequent mapping to be done in a
short time period, thus implementing the protection of
wetland areas under increasingly destructive pressure.
National Wetlands Inventory  NWI! is also using high-
altitude photography "to generate...scientil tc mformatian on
the characteristics and extent of wetlands...The purpose of
this information is to foster the wise use of wetlands and to

provide data for making quick and accurate decisions about
wetlands by knowing how many and what type are where"
 Wilen 1986!. As of Septetnber 30, 1986, NWI was
expected to have produced "10,000 highly-detailed maps
covering 45 percent of the lower 48 states and 12 percent of
Alaska. This would include roughly 85 percent of the
coastal zone of the lower 48 states, including the Great
Lakes Region"  Wilen 1986!.

Mapping Great Lakes Wetlands

Various rnappings of Great Lakes wetlands have been

executed, some by the use of remote sensing and others
before remote sensing was generally available. Lowden
�969! studied the vascular flora of the tnarshes, woodlots,
dikes, and drainage ditches of Winous Point, a tract of land
located about 6 km � I/2 miles! southwest of Port

Clinton, Ohio, at the western end of Sandusky Bay.
Winous Point, owned by the Winous Point Shooting Club,
has been divided by a network of dikes into a number of
marsh units, In most cases, there are roads on these dikes

and vegetation far a distance of three feet on each side of the
road with drainage ditches parallel to tnost of the dikes.
Lowden did not draw detailed maps of this area, but rather
divided the area into nineteen sites coinciding with the dike
roads, and collected and identified samples of the major
vegetation of each of these sites. This report also cotnpares
the vascular plants found at that time with those reported by
earlier observers of Winous Point.

The area of wetlands as a function of water levels of

Lake Michigan was established through measurements from
seven sets of black and white aerial photographs taken
between 1938 and 1977 inclusive. The data showed that an

increase in water level of 0.3 rn resulted in a decrease of

18% of the 438 ha of wetlands and beaches in the Straights
of Mackinac  Lyon and Drobney 1984!. The data were "used
to develop a predictive model of iong-term effects of water
levels" on coastal wetlands  Lyon et al. 1986!.

Balogh and Bookhout �989! used true-color 35-mtn
photographs  slides! taken at 1,500 m in 1984 ta map Ihe
distribution of purple loosestrife  Lythrtttrt salicaria! in
Ohio's southwest Lake Erie marshes. Visual ground truth

by low-altitude flights was done during the flowering
season of August of 1985 to improve the accuracy of the
maps, "Seventy percent of the loasestrife strands were
 found! within areas designated as wetlands on USGS topo-
graphic maps"  Balagh and Baakhaut 1989!.

Methods

Vertical aerial photographs  slides! were taken for this
study of Lake Erie Wetlands on August 22, 1988, by the
Division of Soil and Water Conservation of the Ohio

Department of Natural Resources. Both 35-mm color and
color infrared films were used. Approximately 270 photos
were taken over several flight lines to include the wetlands
involved in our regional study  Figure 9.1!. The approxi-
mate scale of these photos was 1:39000; it ranged fram
1:37680 to 1:39276  Table 9.1!. The altitude af the flight
was approximately 1,300 rn above sea level or approxi-
tnately 1,100 m above ground surface.

Maps were drawn using the following procedure. A sheet
of tracing paper was placed over a topographic map which
corresponds to the area to be drawn, Three points which
were readily recognizable on both the maps and the corre-
sponding slide and which could all be found on a single
slide were marked on the tracing paper. The distance
between each pair of points was enlarged ta a scale of 1:3.
The tracing paper was taped ta a smooth vertical surface
over white paper and the slide was projected onto it. 7%c
three points  enlarged scale! on the tracing paper were
aligned with the correspondmg three points on the projected
image. Differences in color, tone, and shape of patches of
vegetation, water, and exposed ground were noted and delin-
eated on the tracing paper. Two or more slides were used
for each marsh area; the middle of each slide was used as

much as passible to minimize distortion, Ground truth and
calibration af photographs werc determined before mapping
was completed with the visit ta Winous Point Shooting
Club, a major wetland site in western Sandusky Bay. Ray
Kroll provided insightful interpretation of the photos from
much of the Winous Point area. Additional ground truth
data were ca!lected during the water chemistry study
described in Chapter 7.

Results and Discussion

The aerial photography consists of approximately 270
color and 270 colar infrared slides of the Lake Erie shoreline

in the vicinity af Sandusky Bay  Figure 9.1!.
Representative photographs developed from the slides are
shown m Figure 9.2. Wetland maps developed from the
aerial photography are shown in Appendix 9.1. Thc area
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Figure 9.1 Flight lines of aerial photography of Lake Erie coastal wetlands as taken on August 22, 1988

Table 9.1 Scale and time of photography  color and color IR! taken of Lake Erie coastal wetlands on
August 22, 1988. Flight lines are indicated in Figure 9.1

Time of photography Scale  approximate!

9:40 A.M.
10:00
10:10

10;15
10:30

1:37,680
1:37,760
l:38,609

1:38,400
l:39,166

10:35
10:46
11:00
] I:]0
11:20

11:30
11:44
11;55

1:39,027
1:38,933
1:39,092
1:38,574
1:38,503
1:38,125
1:38,933
1:38,101

courtesy of Bruce Motsch, ODNR
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Western Sandusky Bay Wetlands
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FL4

FL3
FL2
FL1

Remote Sensing of Ohio's Wetlands of Western Lake Erie



AS

Retnote Sensing of Ohio's Wetlands of Western Lake Erie

shown in Figure 9.2 corresponds to the area drawn in the
first map and part of the second map in Appendix 9.1. We
chose to use broad categories for the wetlands, including
open water  W!, einergent wetland  E! and floating leaved
wetland  F!.

As noted by Justice and Townshend �981!, there are
problems involved in the drawing and interpretation of
hand-drawn maps. First, an estimate must be made of the
minimum size of unit which should be included on the

map. Second, where an area is composed of many smail
units, it may be diiTicult to locate sample areas which are
not noticeably heterogeneous. Decisions must be made ta
deterinine the point at which a site is considered to be of
one type of vegetation. Finally, the human eye's perception
of tone is often influenced by surrounding tones, making
comparison of vegetation types in different areas of the
marsh exiremely difficult.

A few areas are easily recognizable, such as areas of open
water which appear blue or black on the infrared slides.
Wooded areas are also relatively easy to recognize by the
shapes of the trees. Cattails  Typha spp.! appear dark green
on ihe conventional color slides and bright red on the
infrared slides, and lotus  PVeltttnbo lutea! appears blue-green
on the color slides and light pink on the infrared slides, but
there may be other types of vegetation which exhibit the
same characteristics, The general category of emergent
wetlands  E! was used in some cases where the color
infrared slides appeared white. Kroll  pers. coinm.!
suggested that this may indicate the flowering of Sagiaaria
sp.

A significant number of areas had different densities of
the same type of vegetation and were outlined accordingly
on the maps. This accounts for the great number of unla-
beled wetland areas in the maps, These are mastly emergent
wetland vegetation or floating leaved vegetation. For a
gross estimate of wetlands, ail of the unlabeled areas can be

considered one of these two types of wetlands.

4 Prelirnlnary 4nalysis of Temporal Chatrges

Remotely sensed data can be particularly useful for
wetland assessment when they are available from several
data bases. Monitoring change over time  multi-temporal
analysis! is a valuable use of rcinote sensing, As an exam-
ple of these capabilities, an assessment of Sandusky River
mouth wetlands of Sandusky Bay is illustrated in Figure
9.3. The area in 1969 supported approximately 1,738 ha
�,295 acres! of wetlands, By 1983 the wetland areas had
been reduced to 1,390 ha �,434 acres!, representing a
reduction of 20 percent. During this period wetlands have
also experienced extensive vegetation changes.
Approximately 160 ha �97 acres! of emergent wetlands
changed into forested wetlands. More dctailcd change in a
smaller portion can be compared very easily by looking at
Figure 9.3,

Previous studies of remote sensing have evaluated the
capability to measure wetland variables and many efforts
have demonstrated remote sensor data as input to wetland
studies and wetland inventories  e.g., Shima et al. 1976,
Lyon 1981, Mitsch et al. 1983, Lyon et al. 1984, 1986,
Hardisky et al. 1986!. Most researchers agree that remote
sensing provides a time and cost effective method of
mapping wetlands. By using multi-temporal analysis, Great
Lake wetland assessment can be inaintained in a timely
manner. Remote sensing can provide various information
such as 1! the presence of wetlands, 2! knowledge of adja-
cent land use which affects wetland areas, and 3! the change
of wetland area and quality over long periods associated with
lake water level changes.

We are currently working on various data sets  multi-
spectral approach! for monitoring change of Ohio's
wetJands along Lake Erie over a lang time period . Thc
expected benet'its include production of wetland maps of
Lake Erie, computerized map information, and the develop-
ment of a spatial inadel to idenufy the wetland change over
time. Geographic information systeins, as computerized
spatial data handhng systeins for the storage, manipulation,
analysis and outputs of data, may assist us in this analysis
of Ohio's wetland resources  see Chapter 11!.
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Figure 9.3 Computer generated map of Sandusky Bay wetlands from 1969 and 1983 data. Maps indicate a
20 percent loss of wetlands aver this period
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Ecosystem Modelling of
a Lake Erie Coastal Wetland

Wiliatn J. Mitsch
Brian C. Reeder

calibration process, to estimate the rale and importance of
sedimentation and resuspension on the nutrient dynamics af
the wetland.

Our intent in this chapter is to introduce a wetland model

of hydrology, Productivity, and PhosPhorus calibrated from Results and Discussiott
data collected at Old Woman Creek wetland. The model 7j}e ~pge 
emphasizes the role of ecosystem metabolism in the

A conceptual diagram of the simulation model of Old
cycling and ret ndon af nue~nts and is ural, through the W C k 0 d h F 101 ThWoman Creek wetland is shown in Figure 10.1. There arc

Iniradiiction

Wetlands are ccosystcms and, as such, have intercon-
nected parts that depend ou or drive other parts of the
system. A tnodelling approach is appropriate to integrate
many data bases and describe the interconneciions, For Old
Woman Creek wetland, we have described in some detail the

hydrology, phosphorus conditions, and praductivity of this
coastal wetland. Simulatian modelling provides an opportu-
nity to tie these pieces together, to examme if they are in
the appropriate scale, and to make predictions for conditions
olher than those for which the inodel is calibrated.

Wedand tnodeliing is relatively new, compared to
modelling of other types of ecasystems. Same aspects of
wetland modelling can be borrowed from the more devel-
oped hke and estuary tnodclling techniques  see Kremer and
Nixon 1978, Reckhow and Chapra 1983, Straskraba and
Gnauck 1985, Henderson-Sellers 1984, Jttrgensen 1989!.
Other aspects can be derived from terrestrial models  Phipps
1979, Pearlstein et al. 1985, Mitsch 1988b!. Reviews of

the state of the art of modelling in wetlands are presented by
Mitsch et al, �982, 1988!, Mitsch �983!, and Costanza
and Sklar �985!. Recent models of wetlands inc/ude one of
a freshwater wetland receiving wastewater  Kadlec and
Hammer 1988!.

Methods

The model is developed with the software STELLA", a
high-level, symbol-based programming language. The
model is assumed to be a spatially-lumped, non-linear set of
ordinary differential equations described in submadels on
hydrology, phosphorus, and productivity, The model is
calibrated and initially run for a simulated 274 day period,
assumed to be from March 1 through November 30, 1988,
at Old Woman Creek wetland. A time step of O. 1 days is
used although experimentation with time steps up to 0.5
days show no appreciable differences in the simulations.
The integration method is 4th order Runge Kutta,
Calibration is done in a step-wise method by first calibrat-
ing the hydrologic submodel, then the productivity
subrnodel, and finally the phosphorus submodel.
Calibration is accomplished with each subrnadel by
comparing field data with model results and adjusting
selected parameters imtil there is an adequate fit of data and
model results. An emphasis is on re-creating the appropriate
seasonal patterns as well as the appropriate magnitudes of
the field data by the model.
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Figure l0.1 Gen~ conceptual model of Old Woman Creek wetland
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Table 10.1 State variables and differential equations for Old Woman Creek wedand model

Water, Q

dQ/dt = Pd t!+ Qi t! - ET t! - klQ  when b = I and L>LE! +  LE -L!A  when b = I and LE>L!
where,

Q = water volume in wetland, m3 Pd t! = direct precipitation, m3/day
Q; i! = surface inflow, in3/day
ET t! = evapotranspiration, in3/day
kl = outflow coefficient, day-1
b = 1  when outflow is open!; = 0  when outflow is closed!
L = wetland water level, m = f Q!

LE = Lke Erie water level, m
A = wetland area, m2

Plankton Biomass, Pl
d PI / dt = k21 - k3PI � spPl � k IPI
where,

Pl = plankton biomass, kcal/m2
k2 = GPP coefflicient

I = solar radiation, kcal/m2My
k3 = respiration coefficient, day-I
sp = plankton sedimentation coefficient, day-1

Macr ophytes, M
dM / dt = k4 I % - kSM - k6 t! M
where,

M = macrophytc biomass, kcal/m2
k4 = GPP coefficient for macrophytes
% = percent cover by macrophytes = f depth!
k5 = macrophyte respiration coefficient, day-1
k6 t! = inacrophyte sedimentation coefficien, day-1 = f time of year!

Total Phosphorus, P
dP / dt = C Qi! Q; t! - k 1 P -  s 1/d! P - a  k21 - k3PI! A +  s2/d! A
where,

P = total phosphorus, g
C Qi! = phosphorus concentrauon of inflow, g/rn3 = f  inflow!
s 1 = sedimentation velocity, m/day
s2 = resuspension velocity, rn/day
d = wetland depth = f water volume!
a = phosphorus/kcal ratio in plankton, gP/kcal

Phosphorus in Sediments, S
dS / dt = a  k2I - k3PI! A -  s2/d! A+ a sp PI A + B k6 t! M A+ il  k41 % - k5M! A
where,

S = phosphorus in sediments, gP
8 = phosphorus/kcal ratio in inacrophytes, gP/kcal
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ave depth

a!

Figure 10.2 STELLA" diagram for Old Woman Creek wetland showing a! hydrology and productivity submodels,
and b! phosphorus submodel
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Figure l 0.2  contintred!
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Tablel0.2 Model parameters, definitions, values and sources for Old Woman Creek wetlarxl rnode1

Values/UnitsSymbol Name

Stare Variables

Q
P

m3

g

kcal/m2
kcal/m2

gp
gP

Geld data

field data

chlarophyli data
biomass data

fiekl data

field data

water volume in wetland

total phosphorus

plankton biomass
macrophyte biomass

total phosphorus in water
phosphorus in sediments

Pl
M

P S

Forcing Functions

Pd t! direct precipitation

Qi t! surface inflow

ET t! evapotranspiration

LE Lake Erie water level

I solar radl at lan

m3/day
m3/day
m3/day

kcal/m2-day

Geld data

USGS data

fieid data

USGS data

field data

Parameters and Coef/1 cients

kl outflow coefficient

b wetland water level

A wetland area

1.0 day-1

si

s2

d k2
k3

sp

k4

k5

k6 t!

variable

calibration

estimate

Baker 1988

fiekl data

Jtsrgensen 1982

fiekl data

Voflenweider 1974

< Q!
d

a

B

1 66

sedi men iation velocity 0.03 m/day
resuspension velocity 0.0025 gP/m-day

wetland depth m

GPP/solar 0.005

respiration coefficient 1.0 day-1
phnkton sedimentation coefficient 0.25day- 1
GPP/solar for macrophytes 0,0025
percent cover by rnacraphytcs = f depth!
macrophyte rcspiratian caefficient 0.015 day 1
macrophyte sedimentation coefficient 0.01 day-1 t<288

0 1 day-1 &288

phosphorus concentration of inflow g/m3
wetland depth m
phosphorus/kcal ratio in plankton 0.001 gP/kcal

phosphorus/kcal ratio in rnacrophytes0.00075 gP/kcal

chlorophyll/energy ratio 3.7 mg cha/kcal

calibration

fiekl data
field data

Henderson-Sellers 1984

calibration

fickl data

fieki data

field data

calibration
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several assumptions implicit in the model:

~ There is no built-in phosphorus limitation on produc-
tivity in the model, This appears to be a valid
assumption based on the work of Heath �987! and
others;

~ one active layer of sediments is considered with linear
pathways of sedimentation and resuspension;

~ phosphorus is lumped as total phosphorus, rather than
partitioning it as available and unavailable phosphorus.
This is consistent with the assumption of no phos-
phorus limitation;

~ phosphorus discharges into Lake Erie when the water

level in the wetland is higher than Lake Erie and the
barrier beach is open;

~ auto-catalytic reactions of plankton and macrophytes
are initially left out of the model to increase model
stability;

~ macrophyte dynamics are based on productivity meas-
urements of /t/elambo lurea, the dominant macrophyte
presently in Old Woman Creek wetland; and

~ plankton biomass is converted from energy units to
chlorophylI a with a constant ratio of 3,7 mg chlorophyfl a
/ kcal for populations not limited by nutrients
 Vollenweider 1974!.

The STELLA program model is shown in Figurc 10,2
and differential equations are given in Table 10.1. Model
parameters are defined and given in Table 10.2. The hydrol-
ogy submodel in Figwe 10,2a balances direct precipitation,
evapotranspiration, inflow and outflow. The first three
terms are included in the model as forcing functions based
on data from the 1988 water budget. Significant inflow was
limited to March and April of that year  Figure 10.3!. The
productivity submodcl, also shown in Figure 10.2a,
includes estimates of planktonic biomass  expressed as kcal/
m2 and mg chlorophyll/m2! and macrophyte biomass
 expressed as kcal/rn2!. Plankton is transported from the
wetland when there is flow out of thc wefland and the

bamer beach is open. Both plankton and macrophytes are
assumed to contribute to sedimentation in the wetland, The

phosphorus submodel  Figure 10.2b! includes one storage
of phosphorus in the water and one in the active sediment
layer. The exchange of phosphorus with the sediments
includes sedimentation based on the standard velocity model
 Henderson-Sellers 1984!. A review of sedimentation veloc-
ity coefficients by Kamp-Nielsen �983! suggests an
average of 10 m/yr �,3 m/day! for small lakes. This value
was used in the initial calibration of the model. Inflow of

phosphorus to Old Woman Creek assumes that ihe concen-
tration of phosphorus is a function of the flow, as

Modelling of a Lake Erie Coastal Wetland

determined from previous data collected from similar sinall
watershuh that drain to Lake Erie  Figure 10.4!.

hfodel Calibration

A step-wise calibration procedure is used to determine
several of the coefficients in the model. The hydrology
submodel is developed from hydrologic budget data
described in Chapter 4 with the outflow coefficient of the

wetland as the primary unknown. An outflow coefficient of
the wetland of 1.0/day reproduces the water levels as meas-
ured in the wetland in 1988  Figure 10.5!. The days in
which the wetland was open to Lake Erie and the simuhted
outflow from Old Woman Creek are also shown in Figure
10.5. When ihe flow is negative, water is flowing from
Lake Erie to the wetland. The model indicates that this

reverse flow occurred several times in March through May
when the barrier beach to Lake Erie was opened. The model
assumes a closed beach from the middle of May through the

end of the year, eliminating exchange between the wetland
and Lake Erie during this tiine.

The second step in model calibration involves the
productivity submodel. The calibrated hydrology submodel
is coupled to the pnxluctivity submodel for this second cali-
bration step. The productivity submodel, which includes
plankton and macrophytes, is developed from extensive field
data described in Chapters 3 and 5, Patterns of gross
primary productivity, as measured on several occasions
through 1988, are effectively reproduced by the model, with
the primary calibration factor being the plankton gross
primary productivity coefficient, k2  Figure 10.6a!, A
further check of the plankton dynamics was made possible
as a result of the availability of chlorophyll a data  Figure
10.6b!. Because of shade adaptation and the great variability
of the chlorophyll/biomass ratio in natural aquatic systems
 Voflenweider 1974!, we are not as confident of the pattern
of chlorophyll suggested by the model, but the field data
and the model give the same general seasonal pauem and are
clearly in the same range. The model overpredicts chloro-
phyll in May and June, after which lhe field data pattern are
closely reproduced.

There are few data on macrophytes in the wetland, but
calibration of the macrophyte component of the productiv-
ity subrnodel, especially for productivity and respiration
coefficients, developed a pattern that generally fit the sparse
available data  Figure 10.7a!. These calibration estimates
are for Nelitmbo tittea, the predominant macrophyte in Old
Woman Creek wetland, and assume 100% coverage by the
plant with peak biomass of approximately 600 kcal/m2.
Later calibration simulations decreased the percent cover of
inacrophytes to be a linear function of water depth to predict
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ITla/clay 200,000

336267JsJR
Time, days
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Figurc 10.3 1nflov of water to Old Woman Creek wetland as programmed by the model
for March through November, 1988

Traal
Phosphorus, 2

mg/I

mre Aout, m3/day

Figure 10.4 Relationship between total phosphorus concentration and flow for two small water-
sheds draining to l.dJkc Eric  data from Baker, 1%8!. This relationship was ttscdi to
calculate phosphorus concentrations of inflow in Old Woman Creak wetland model
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Figure 10.5 Actual water level in Old Woman Creek wetland in 1988 compared to simulated water level, simulated
surface outflow and simulated period of the wetland being open to Lake Erie
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Figure 10.6 Model simulations compared to field data of Old Woman Creek wetland for 1988 for a! gross primary
productivity of open water, and b! chlorophyll a. Range bars indicate one standard deviation of field data.
Open circles on a! indicate full dissolved oxygen diurnals
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Figure 10.7 Model simulations compared to field data of Old Woman Creek wetland 1'or 1988 for a! Nelumbo turea
biomass, and b! total phosphorus. Range bars indicate one s~d deviation of field data. Open circles
on a! indicate alternate biomass measurement method
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a!

g-Plday 20000

0.0
33526719813061

Time, days

Mar Apr May Jun Jul Aug Scp Oct Nov

b!

Total Sedimentation Rate
0,0300

g-P/m2-day

0,01000

0,0
33513061 198

Time
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Figure 10.8 Simulations of OM Woman Creek wetland model for 19881or a! resusyension and sedimentation
of inorganic sediments, and b! total sedimentation rate including plankton and macropbytes.
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more rcalisticalty the percent cover of the wetland by
mac rophytes as:

% cover = 1.00 - 7/2 d for d �,2857, and

= 0.00 for d >0.2857

where,

d = average depth, m.

When water is deeper, the percent cover is low or zero;
in shallow water, the cover is higher,

The third part of the calibration af the model involves
the phosphorus submodel which is then coupled with the
hydrology and productivity submodels  Figure 10.7b!.
Several estimates of sedimentation and resuspension coeffi-
cients are attempted, with the final determination using a
literature average for sediinentation  st = 0.3 m/day! and a
calibrated estimate of the resuspension coefficient. Because
resuspension is a surface effect that is generally independent
of the volume of sediments, it is assumed to be only depen-
dent on depth. Shallower water generally leads to greater
turbulence in the sediments and hence higher readings from
field samples. The range of phosphorus in the wetland from
May through November is generally reproduced by the
simulation; data were not available from March and April
when the highest loadings of phosphorus from the
upstream watershed occuncd,

The use of hydrology, productivity, and nutrient calibra-
tions from extensive field data enable preliininary
estimations of the role of sedimentation and resuspension
in the shallow wetland. The model's estimates of sedimen-

tation  inorganic only! and resuspension are shown in
Figure 10.8a. High levels of sedimentation occur in the
early spring, with resuspension exceeding sedimentation
through the remainder of the year. This excess of resuspcn-
sion over sedimentation is surprising at first, but the
productivity estimates throughout the year clearly illustrate
that there is insufficient phosphorus in the inflow to
support the high level of productivity and the generally
high phosphorus concentrations experienced in the wetland
from May through November. The model also predicts the
total sedimentation rate, including contributions from

Modelling oja Lake Erie Coastal Wetland

plankton and macrophytes. High rates, often as high as
0.04 g-P/m2-day, are simulated for the spring, while the
rate for the remainder of the year, when very little alloch-
thonous inflows are experienced, is around 0.01 g-P/in My
 Figurc 10.8b!. This rate translates to a total of 0.79 g-P/
m2 for the 9 month study period. Because the study year
198$ occurred during a significant drought year, we can
expect the net sedimentation rate to be well below average.
From data presented in Chapter 6 on sediment stratigraphy,
an accumulation of phosphorus in the sediments is esti-
mated to be 8 g-P/ni2-yr. It is not unreasonable to suggest
that only 10 percent of the normal sedimentation occurred
in the wetland during our calibration year of the extreme
drought.

Nrrlrieni Budgets

The model also allows calculations of nutrient budgets
for the wetland  Figure 10.9!. According to the model
results, the wetland retained approximately 10 percent of the
phosphorus during the study period. While this is less than
the retention of 36 to 47 percent retention estimated in
Chapter 5 from literature sources and field data, it is a
reasonable estimate based on the hydrologic conditions for
that particular year. Almost all of the inflow occurred when
the wetland was open to Lake Erie and when the barrier
beach closed at the outlet to the wetland, almost no addi-

tional streamflow entered the wetland. Cycling of nutrients
from sediments to water column and back dominated the

A calibrated model is only the first step to a completely
validated model. The model needs to be checked with an

independent data set from a different year with different
hydrologic conditions. If validation proves successful, the
model can then be used to predict nutrient dynamics of the
wetland for a variety of scenarios, including high and low
lake levels and differing inputs of water and nutrients from
the upstream watershed. Prediction and hypothesis testing
are the ultimate values of ecological modelling, but the
entire effort of organizing the data of many research initia-
tives and many researchers is clearly valuable.
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b!

Figure 10,9 Nutrient budgets for Old Woman Creek wetland as calculated from Old Woman Creek model
for units in a! g-P/m2 for 9 month simulation period, and b! mg-P/m>-day
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Toward Dynamic Cartographic Modelling of
Coastal Wetlands of Lake Erie

Gi-chttl Yi

Dana Tomlin

William J. Mitsch

In trodttction

Of all thc Great Lakes, Lake Erie shows the greatest
deterioration of water quality, in spite of the fact that 90
percent of the water source is good quality water from Lake
Huron. Lake Erie is narrow and relatively shallow in
comparison to other Great Lakes. Thus it is reasonable that
an improvement of water quality should start from within
its own drainage basin. One of thc major problems facing
Lake Erie is nonpoint pollutian fram agricultural watershed
 Baker et al. 1985!. Among nonpoint sources, soil loss has
been recognized as one af the primary harmful components
of water pollution  U.S. EPA 1985, Journal of Soil and
Water Conservation 1985, OEPA 1983!.

Recently the State of Ohio has tried to cooperate with
various agencies to achieve the legistrated water quality goal
 i,e, Clean Water Act, Federal Water Pollution Control
Act!. The s~tcgics developed as a result of several discus-
sion among different agencies resulted in agreements ta
focus on "problem" areas - portions af counties, watersheds
or regions  OEPA 1983!. Once critical areas have bccn iden-
tified, various control practices could be developed.
Therefore, what is rcquircd at ltrst is a convincing means of
identifying critical erosive area and a means of evaluating
various management policies  Yi 1987!.

A number of previous studies have noted that the degree
Of water quality iS very well COrrelaled with the preSenCe Of
wetlands  Mitsch and Gossclink 1986!, Wetlands protect
water bodies from sediments, nutrients, and other natural
and man-made pollutants. Wetland vegetation filters sedi-
ments, organic matter, and chemicals while micro-
organisms utilize dissolved nutrients and break down

organic matter. Wetlands have also been found to protect
shorelines, ta prevent Hoods, recharge ground water and
serve as wildlife habitats. These values af wetlands vary

from one wetland to another  space scale! and from one time
to another  time scale!, Because of this wide variation
amang individual wetlands, tbe significance of the values
and benefits must be determined by different time  day,
month, year, decade and century! and diffcrcnt space  indi-
vidual, regional, national, international and global! scale
basis.

The usc of wetlands has become a controversial issue

between those wha wish to develop and those who wish ta
preserve, Developers regard wetlands as prime areas for resi-
dential, commercial and recreational development because of
their typical proximity ta water. Farmers drain or clear
wetlands ta plant crops in their rich organic soil. On the
other hand, conservationists questions about the intrinsic
values ol' numerous ecological services.

Wetland Data Managetnent

Wetland resource management entails nat only a data
base describing thc resource, its size, location, type, and
important characteristics, but also planning, decision-
making, monitoring, and even manipulation or use of the
resource. Resource managers may require information for
evaluation, such as the composition of the wetland and the
surrounding land use.

Remote sensing has become an important tool in
wetland management because it provides much of the needed
data base information and a monitoring capability  see
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Chapter 9!. During the last two decades, legislation requir-
ing wetland classification and inventory, concerns for
wetland losses, the need for habitat evaluation, and the
increased availability of aircraft and satcllitc data have
rapidly expanded remote sensing research and technology
related to wetlands. The use of this technology is concerned
with various categories such as identification and classifica-
tion, mapping and inventory, monitoring historical change
and quantification. Due to the capability of remote sensing
to provide synoptic views of large area, this technology can
be applied efficiently and effectively the data implemenut-
tion sources of digital cartographic data.

A "model", which can be a simplified verbal, graphic or
mathematical description, is used to help understand a
complex system, Many types of cartographic maps have
also been developed to express and manage landscapes.
Maps are good descriptors of the land, showing various
landscape features. However, maps have one major limita-
tion. They present a spatial characteristics of a landscape at
one instant in time. A map representing a landscape feature
stays the same until it is updated, However all biotic
 animals. plants! and abiotic  air, water, soil! rnatcrials
move over the landscape in a long time frame. Here models
in the Corm of cartographic data can be used to describe how
selected environmental qualities arise from a combination of
existing conditions and even proposed alteration. Given the
ability to analyze and to synthesize cartographic data, a
variety of cartographic models can be developed to repre-
sent facts, to simulate processes, express judgment, or to
otherwise provide for effective description of geographic
phenomena  Tomlin 1989!. Here the terms of "descriptive"
and "prescriptive" models are used to describe the environ-
mental quality and "cartographic modeling" is proposed for
use in reference to the act ol' synthesizing geographic infor-
mation as a part of decision-tnaking process  Tomlin 1983!,
To move from description to prescription, however, a new
set of techniques is required. These are techniques that
broaden the role of cartographic modeling from relatively
passive inquiry to much more active intent. Descriptive
models answer questions; prescriptive models solve prob-
lems  Tomlin 1989!.

Since the beginning of 20th century, a small number of
scientists have utilized "systems analysis," the study of a
complex system's behavior and its interaction among its
components. This approach is quite amenable to ecological
analysis when we review the landscape as a product of its
past functioning. Throughout history, titne and space have
seldom been integrated into landscape analysis.
Incorporating dynamic methods into landscape description
and prescription will be very effective for better understand-

ing of our environment. They incorporate movement and
change through time and thus spatial dynamic methods can
describe and evaluate natural and man-made systems as well
as prescribe for future management, Thus the development
of cartographic models in a dynamic system comprise the
focus of this study. Geographic Information Systems GIS!
will be used for part ol' this study. GIS is a computerized
spatial data handling system that is developed for the stor-
age, manipulation and display of spatial data and it can
transform, retrieve and output into usable information.
Advantages of GIS arc related to the effective linking capa-
bility of remote sensing, statistics, computer graphics,
computer computation, and dynamic simulation.

Objectives

The main objective of this study is to develop dynamic
cartographic model of a particular part of Lake Erie shore-
line, including coastal wetlands. This main objective will
be accomplished by understanding and replicating the
behavior of the system and by developing the graphic
display of several dynamic spatial models   Le. soil
erosion, sedimentation and wetlands! for supporting future
management decisions. lt will focus on the understanding
of the form and function of various landscape patterns and
how these patterns affect the movement and storage of
some important natural materials such as abiotic  soil loss-
seditncnt! and biotic wetland vegetation! factors. The impor-
tance of this study is in developing a convincing tool which
might useful to local officials in formulating resource
management policies, especially for wedand management.

Methodology
The Site

Sandusky Bay is located on the southwest shore of
Lake Erie, Ohio and is oriented from east to west direction.
It is approximately 25.4 km long and its width varies from
a value af 7,38 km to 5.06 km  U.S.G.S. 7.5 topographic
maps!. The maximum depth is approximately 3.0 meters
and the mean depth is 1.2 m with a bottom slope of 1
percent  Lindsay 1976!. Sandusky Bay receives water from
Sandusky River, Muddy Creek and small tributaries,
Sandusky River has a drainage basin of 3,680 km2 and its
land use is predominantly agricultural. Principal metropoli-
tan areas in the Sandusky River basin are Bucyrus, Upper
Sandusky, Tiffin and Fremont

The soils of the area are mostly poorly drained clays.
The shallowness of the bay allows even the slightest wind
to create a highly turbulent condition with heavy sedimenta-
tion of the drainage basin, According to a previous Lake
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GLS.

Dynamic Simulation Mode!

Figure 11.1 Basic approach to cartographic modelling

Figure 11.2 Descriptive GIS sub-models

Figure 11.3 Example of dynamic spatial wetland model  from Costanra et al. 19$6, 19S8!
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Erie Pollutian Study  Northwest Ohio Water Development
Plan 1967!, the average sediinent load in the Sandusky
River is 408 thousand tons and the sediment composition

is approximately 61 percent clay, 37 percent silt, and 2
percent sand.

Before settlement, most of the area around Sandusky Bay
was a poorly drained swamp called the Black Swamp
 Sampson 1930!. This area has undergone considerable
change in the past decade. S haffer �951! indicated that the
south shoreline was about 371 meters farther north in 1900

than in 1950, Shore loss along thc south shore. of the east-
ern bay averaged 1.7 meters per year. The greatest shore
loss was 3.0 meters per year along the. south shore of the
western bay, Shaffer �951! suggested that this erosion was
due primarily to northeast storms.

Mode ill n g

Traditionally, time and ~pace have not been integrated
together in modeling. Maps are most effective in describing
a landscape but, as one quick view of landscapes, they fail
to express the dynamic nature of land and its systems. Thus
this research presents a way of incorporating time and
space, a core conceph af dynamic spatial landscape model-

ing, applications of impleinented models and some
thoughts for future possibilities.

I, Structure of Model

The basic structure of model comprised two different
structure approach  Figure 11.1!.

The first part include three descriptive GIS submodels
which are Soil Erosion Model, Sediment Transport Made!
and Wetland Model  Figure 11.2!. These models are
constructed by overlaying several layers of GIS and
connected in the spatial landscape model. The implemented
model can describe the behavior of system. For example,
the Soil Erosion Model can account for soil erosion on

every parcel of watershed, the Tmnsport Model can account
for transported sediinent fram soil erosion, and the WeUand
Model can account for wetland change over long term
 several decades! and short terms days!.

Thc second part of the inodei is a dynamic simulation
model. Compared ta first spatial situation of GIS model,
each cell of GIS contains a dynamic movement to
connected each adjacent cell. In this model, how different
landscape variables influence these exchanges and flow will
be determined and the balance of inputs and outputs in a
cell is a critical question of this model, For example,
Figure 11,3 shows diagrammatically how Ihe storage and
flows of water can be interconnected within a typical cell
 Costanza et al. 1986, 1988!. Thc volume of water crossing

from one cefl to another carries a specified sediment or soil
loss. Then this sediment can be deposited, resuspended or
subsided in a cell. Plants and animals within each cell can

also influence these exc hangc.

A irnplcmentcd dynamic slxttial model can account how
different forcing function variables affect the state variables
of thc system. Example variables are:

FOrcing FunCrian

Climate Rainfall,Wind!

Topography
dUse C~ ci!

Hydrology

Nutrients and Sediments in Runoff

Water Level

Plants Distribution F<osystem types!

Soil and Sediments

Water Volume

Forcing functions are specified in the form of time
series over long range pcriad, Then the simulated output of
state variables can be ouiput as maps, figures and tables
with varying time scale.

2, Prescriptive Cartographic Modelling

The implemented dynamic spatial model can autput the
past and current data. This will determine the functioning oi'
the presently remaining wetlands, The future data will be
predicted by simulation. The effects of different manage-
ment scenarios can be analyzed in the model. These
scenarios wiU cover.

1! the impacts of human management  i.e. various land
management, erosion control, water level control, dredg-
ing, aruficial wetland construction!;

2! thc iinpacts of various natural power   i.e. water level
changes, runoff from watershed!; and

3! the impacts of site specil'ic manipulation  i.e. critical
erosive area control, undiked - diked wetland types!.

Dara Prepararion

The data entry into for this study wiII include several
ways. Table 11.1 is a summary of available data sources
and its implementation. The first method is by image
processing  which include conversion and rectification! lrom
several sateflite imagery such as SPOT, LANDSAT and
AVHRR. The second method is by converting digital
computer data which can be acquirable from federal agency
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Figure I 1.4 Design process of overall methodology for this study

Table 11. l Data sources for cartographic modelling

Characteristics Use!Ways of implementationData Sources Date

1975

g/88

SPOT: French Satellite Probatoire pour 1'Observation de la Terre �0 meter cell width!

LANDSAT: MSS�9meter cell width!, TM�0 meter cell width!

AVHRR: Advanced Very High Resolution Radiometer l.lkm cell width!
LRIS: Lake Erie Land Resources Information System�00 meter cell width!

OCAP: Ohio Capability Analysis Program

DEM; Digital Elevation Model

l79

SPOT

LANDS AT

AVHRR

LRIS

OCAP

DElvl

Aerial Slides

 Color/CIR!

Image processing

Image processing

Image processing

Conversion

Conversion

Transformation

Visual Checking and
Digitizing

Land Use, Wetland types, Sediment

Land Use, Wetland types, Sediment

Sediment

Soil, Drainage, Land Cover

Soil, Drainage, Land Cover
S lope, Aspect

Wetlamh
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 i.c. U.S. Army Corp Engineers, U.S.G.S!. The third way
include digitizing of standard map outputs which is done by
revacing the component categories on a digitizing tableL
Finally aerial photointcrpretation is another way of data
envy. Aerial photo can be digitized by using a video
camera and then process to rectify  removal of distortion in
aerial photographs!,

The detailed steps of our work plan include the
lollowing:

1. Collect the existing data sources and check
availability.

2. Collect  order! satellite data when cloud cover is
absent and on-site sampling is available,

3. Preprocess  convert! thc data into available digital
format  i.e. ASCII!.

4. Process and analyze the relationship between digital
data and levels of system variables  i.c. satellite - sediment,
land use, wetland lass!

5. Develop the model, This involves thc sensitivity test
of the model and the analysis of the result of model
cahbrauon.

6. Discuss and outline the use and impl,ications of the
model to provide solutions to pressing coastal management
problems.

Expected Results
By linking GIS and dynamic simulation models, thc

automated prescriptive process can be devised. Figurc 11.4
shows thc design process of the overall methodology.
Various management issues can be questioned in this stage
 i.e. wclland loss - water level management, suitable artifi-
cial wetland construction, critical soil erosive control!.
Then, based on management criteria, suitability maps can
be developed. By controlling the order of model process, the
output of a suitability map can be used as input to thc
simulation model. This process can be continued until it
satisfy management requirements  i.e. sediment concentra-
tion, opumurn wetland distribution!. If artificial wetlands
are suggested, schematic design can be developed on the
basis of GIS data.

The overall value of this spatial modelling approach will
be a better understanding and management of Lake Erie's
coastal wetlands.
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