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Executive Summary

This technical report presents results of research on
ecosystem-level and regional-level swudies of the coastal
wetlands of western Lake Erie in Ohio. Those studies are
presented with several scales of spatial hierarchy (small
study plots, whole wetlands, region with many wetlands)
and lemporal hierarchy {diurnal patterns, scasonal patterns,
annual pattems, and geological scale), The overall goals of
our research program on Lake Ere, a start of which is
reported here, are: 1) to determine if and how these coastal
wetlands are serving as buffers between the uplands and
Lake Erie, and 2) to estimate what pattern and design of
wetlands would be most effective in this buffering capac-
ity. Our study involves ecosystem-level smdies at Old
‘Woman Creek National Estuarine Sanctuary (30 ha} in Erie
County, Ohio, where processes such as productivity,
metabolism, phosphorus cycling, hydrology, and sedimen-
tation are emphasized. Regional-scale studies of wetlands
in a 800 km?2 area around Sandusky Bay emphasize water
quality, sediment chemistry, and remote sensing of vegeta-
tion paticrns, Models are used as integrative tools.

Chapter 1 presents an overall picture of the wetlands of
this study region. Of the original 4,000 kmZ coastal
wetlands in the western Lake Erie basin, only 150 km2
rcmain. Many of the remaining wetlands are impounded
(diked) and are primarily used for waterfowl management.
Forcing functions of the Lake Eric wetlands include short-
term water level fluctuations (sciches on Lake Erie), long-
term water level fluctuations of the Great Lakes (period of
approximately 10 years), shifting shorelines and barrier
beaches caused by wind, waves, and sediment dynamics,
artificial diking, and water, nutrient, and chemical loadings
from upstream watersheds. Presenmt wetlands along Lake
Eric, if undiked and opened to overflow from upstream
watersheds, could retain only 3.5 o 5 percent of the non-
point sources of phosphorus from upstream watersheds.

Chapters 2 through 6 present results of ecosystem-level
studies at Old Woman Creek wetland. Chapter 2 investi-
gates diumal variation of dissolved oxygen in the wetlands
in July and QOctober. Diumal changes of oxygen are from 2

mg/l at dawn o 12-15 mg/1 at dusk in July and from 6 to 10
mg/ in October. These data suggest an environment rela-
tively inhospitable to aerobic aquatic life. The diurnal
fluctuations suggest an extremely high volumetric produc-
tivity although the total depth (<0.3 m) precludes
extremely high arcal productivity. Average solar efficien-
cies vary from 0.4% in the summer to 0.3% in the fall.

Seasonal patterns of productivity, presenied in Chapter 3
and also determincd by diurnal pattems of dissolved
oxygen, provide an estimate of an annual gross primary
productivity in the water column of 3,700 keal/m2-yr.
Chlorophyil readings and system gross primary productiv-
ity have the same general scasonal pattems, but regressions
between the two variables for data from all sites and dates
is only fair (r=0.15). Changes in planktonic populations
throughout the year, each with different chlorophyll ratios,
may account for this lack of good correlation.

Net productivity of the dominant macrophyte in the
wetland, Nelumbo lutea, is estimated from peak biomass
harvesting 10 be 750 kcal/m2-yr. Because approximately
one-third of Old Woman Creck wetland is covered by
Nelumbo, the overall contribution of macrophytes to the
entirc wetland is approximately 250 kcal/m2-yr.
Phosphorus concentrations in the Nelkmbo ranges from 2.2
10 6.1 mg-P/g dry weight and shows an inverse relationship
with leal diameter. Total phosphorus tied up in above-
ground biomass of the macrophytes averaged 0.34 g-P/m2
in the Nelumbo communides.

A hydrologic budget is developed for Old Woman
Creck wetland for the 7-month period March 1 through
September 30, 1988 in Chapter 4. The budget assumed no
significant groundwaler exchange with the surroundings or
Lake Frie relative to other inputs and outflows. Surface
inflow is estimated 1o be 15,200 m3 while net surface
outflow is 13,700 m3. Contribution from Lake Erie is esti-
maied to be 3,500 m3, Exchange with Lake Erie occurs
only in the spring when the barrier beach is open for 50
days or 23 percent of the swdy period. This hydrologic
budget reflects conditions during extreme drought condi-



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

Spatial and temporal patterns of phosphorus concentra-
tions in Old Woman Creek weiland are discussed in
Chapter 5 and included in an ecosystem model in Chapter
10. Phosphorus often decreases in total, soluble reactive,
and total soluble phosphorus from inlet to outlet, but
patierns are not consistent. Nutrient budgets are developed
in three different ways. A preliminary estimate is obtained
from a wetland phospherus 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 (39 to 47%) could be expecied 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 wilh an ecosystem simulation model 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 wettand
during high spring floods. The overall phosphorus budgets
cannol be used w 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 determined 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 conient after the final glacial
retreat (5,000 years BP) to approximately 180 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 polien counts, The sedimen-
tation rate translates to an average phosphorus retention

vi

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

Chapters 7 through 9 present preliminary resuits of
regional studies on water levels, water quality, sediment
chemistry, and remole sensing. A study of water levels and
chemistry of eleven wetlands presented by Robb in Chapter
7 demonstraies preliminary indication of differences
between diked (impounded) and undiked wetlands, Water
levels drop precipitously in the undiked wetlands but are
gencrally maintained in diked wetlands and in Old Woman
Creek wetland with its closed barrier beach. Conductivity,
alkalinity, and ortho-phosphate are genemlly higher in
diked wetlands while turbidity and total phosphorus are
gencrally higher in undiked wetlands. Sediment chemisry
data of the regional wetlands, examined in Chapter 8,
suggest that undiked wetlands have lower organic content.
Available phosphorus is highest in sediments from Old
Woman Creck 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
weilands 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 weilands in the westem 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 preliminary ccosystem
model of Old Woman Creek wetland. The model is cali-
brated with some success with 1988 data that illustrate
seasonal patterns during the drought. The calibrated model
allows calculations of a phosphorus budget (discussed
above) and phosphorus sedimentation and resuspension
dynamics. Even with recycling, resuspension of phosphorus
is necessary in the model o predict productivity experi-
enced during the calibration year.

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

William J. Mitsch
Columbus, Chio
October, 1989
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Wetlands of Coastal Lake Erie in Ohio—

A Hierarchy of Systems

William J. Mitsch

Introduction

Wetlands have always been a pant 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 devclopment, these wetlands were mostly
destroyed or significantly altered and their buffering capacity
was diminished or lost aliogether. Herdendorf (1987) esd-
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 kmZ remain,
most antificially diked from open access o 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, (he rate of culiural
eutrophication of some of the lakes such as Lake Erie may
have been much less severe.

Few if any of comprehensive situdics have been carried
out on Great Lakes coastal wetlands, especially on welland
functioning of these ecosystems. This is particularly appar-
ent when compared with the abundant literature available on
coaslal salt marshes. Much of what is known about Great
Lakes coastal wetlands is included in the proceedings of a
“QGreat Lakes Coastal Wetlands Colloquium” (Prince and
D'Tiri 1985). The editors of that work conclude that:

...in spite of general scientific opinion that wetlands are
imponant to Great Lakes ecosystems, they represent one of
the least well understood parts of those systems. Moreover,
they are greally diminished in extent and quality along most
moderaicly scttled shorclines. Still, in 1981, around the

heavily settled lower Great Lakes (Ontario, Ere, and St.
Clair), about 61,480 hectares of coastal wetland
remained....

Research Goals

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)
1o determine what types of wetlands, c.g.. diked vs.
undiked, are the most effective for furure 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 wetlands along Lake Eric: Are these coastal wetlands
chemical sinks, sources, or wansformers for runoff and
stream {low from the upland agricultural watershed? How
valuable is their survival and proteclion to the enhancement
of water quality of Lake Eric? What processes within the
wetland are most important in the changes that occur? What
are the scasonal patterns of nutrient dynamics in the
wetland? How do the processes change with changing lake
levels and artificial dikes? Whal happens to the wetland
when seiches occur, reversing the normal flow from the
wetland (o Lake Eric? If the wetland studied proves 10 be
carrying out valuable functions, what are the design criteria
for building similar wetlands in other waltcrsheds along the



Wetlands of Coasial Lake Erie in Ohio—A Hierarchy of Systems

Table 1.1 Area of coastal wetlands along Laurentian Great Lakes (from Mutsch et al., 1989)

Region

Wetland Arca, km?

Reference

Great Lakes Wetlands
(emergent and agquatic beds)

Total

Lake Erie

Lake St. Clair

Lake Ontario

Lake Huron

Lake Michigan

Lake Superior

Western Lake Erie
Presettlement
Present

Lakes Ontario, Erie, & St. Clair

Total Great Lakes
Present
Lake Erie-Lake St. Clair

Coastal Wetlands - Ontario
Presettlement
Present
Lake St. Clair
Lake Ontario

Coastal Wetlands - Ohio
1979

Coastal Wetlands - Michigan
1979

700
187
165
133
128

50

37

4,000
150

615

1,209
119

500
330
25

59

428

Kroll et al. (1988)

Herdendorf (1987)

Prince and D’Itri (1983)

Herdendorf et al. (1981)

McCullough (1985)

ODNR (1982)

Jaworski et al. (1979)
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Great Lakes?

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 § 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 ecosystem
productivity, nutrient cycling and paleolimnology are being
carried out at Old Woman Creck State Natre Preserve and
National Estuarine Research Reserve, located adjacent to
Lake Erie in Erie County, Ohio. A synoplic 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
Creck can be generalized to coastal wetlands along Lake
Erie,

Qld Woman Creek Wetland

Old Woman Creck Siate 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 shorcline (see Klarer 1988, Mitsch
1988a, Mitsch et al. 1989, for site details). It is approxi-
mately 0.34 km wide al its widest portion. Depths may
reach up to 3.6 meters in the iniet stream channel but for
the major portion of its area it is usually less than 0.5
meters deep. Klarer (1988) estimates that the retention time
of the wetland varies between 25 hours (at peak flow) and
114 hours (at average flow). The wetland has an outet 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 (Nelumbo lutea). There are also areas with
white water lilies (Nymphaca tuberosa), spatterdock
{(Nuphar advena), arrow arum {Peliandra virginica), and
catails (Typha angustifolia), and wooded wetlands in certain
shallow areas. The major land use within the watershed
(68.6 km?2) is agricuitural. Sedimentation in the wetland
was estimated (o have been (.76 mm/yr prior to agricultural
development in the early 1800s and more than 10 times that

(10 mm/yr) at present (Buchanan 1982).Due (o its status as
a National Estuarine Sanctuary, the marsh remains rela-
tively undisturbed and is frequently used for nature
cducation, recreation, and scientific study. Sanctuary facili-
tics include a visitors' center and an aquatic ecology research
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 remote
sensing techniques. These wetlands are shown in Figure 1.4
and are listed in Table 1.2. Six 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 cxtreme of Sandusky Bay. Bay View
Marshes are diked wetlands located on the southeast cdge 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 unigue ecological systers 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 upstream
watershed; and 5) artificial dikes that surround many of
these wetlands to maintain water fevels in view of a fluctu-
ating Lake Erie level. All 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 Water Fluctuations and Artificial
Dikes

Wetlands along Lake Erie in gencral, and Old Woman
Creek Wetland in particular, are influenced by water level
fluctuations of the Great Lakes. The water levels for Lake
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Figure 1.1 Location of general study area in western Lake Erie
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! REGIONAL SCALE

» Water Quality

» Hydroperiod

» Sediments

» Remote Sensing
 Cartographic Model

Sandusky

"; 024 68 Huon

km

ECOSYSTEM SCALE

* Primary Productivity
Hydrology Budgets
Nutrient Budgets
Paleoecology

Ecological Modelling

Figure 1.2 Hierarchy of scales used for this research program
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Figure 1.3 Old Woman Creek Weiland, 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
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Table 1.2 Diked and undiked wetlands sites used in this study for general studies of water quality, sediments, and

hydroperiod
Approximate
Abbrev, Wetland Area, ha QOwnership
Diked Wetiands

WPN Winous Point North Marsh 260 private shooting club

WPW Winous Point West Marsh 140 private shooting club

0OS§S QOutawa Shooting Club - Small Pond Marsh 10 private shooting club

OSL Ouawa Shooting Club - Big Pond Marsh 120 private shooting club

BVC Bayview Center Marsh 40 privae

BVB Bayview “B" Marsh 14 private

Undiked Wetlands

PCK Pickerel Creek variable state-owned wildlife
management

WLT Willow Point Wetland varisble state-owned fisheries
management

SHM Sheldon Marsh variable state nature preserve

PLM Plum Brook variable former industrial site

OwWC Old Woman Creek 30 state nature preserve
and national estuarine
reserve
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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 presettlement 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). This fluctuating
water level has led to a common practice of marsh manage-
ment along Lake Erie involving the construction of
artificial dikes. Dikes are construcied around wetlands and
pumps or flap gates are installed 1o 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 Eric (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.

Seiches

Shorter period water level oscillations due to wind
action, called seiches, frequently occur on the Great Lakes
(Figure 1.8). 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
1o tides, although these seiches are not as periodic as semi-
diurnal coastal tides. Sager ¢t al. (1985), for example, meas-
ured 269 seiche events in one year on lower Green Bay on
Lake Michigan with a mean 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 from dissolved oxidized forms to
particulate and reduced forms. Seiches are a common occur-
rence along Lake Erie, although the contributions of these
events 10 the nutrient budgets and biotic communities of
undiked wetlands are not well known, Diked wetlands are
generally isolated from the exchanges due 10 these seiches.

Shifting Sand Bars

For most of the year, the general directicn of flow in
undiked wetlands is from the wetland 10 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 remains 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.

Loadings from the Upland Watershed

Undiked wetlands are influenced by runoff from upstream
watersheds which are, for the most part, dominated by agri-
cultural use. The 69 km? 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 Creck (Johnson et al. 1978, UC
1980, Novotny 1986) resulting in 3,500 to 7,000 kg-P/yr
(12 - 23 g-P/m2-yr) discharged to the wetland. This loading
rale is a conservative (Jow) estimate of the contribution of
agricultural 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
chemical and hydrologic budget for a Lake Erie wetland.
Noie the role that dikes have on exchanges from upstzeam
watersheds and from Lake Erie itself, On the other hand, the
exchange of chemicals and water between Lake 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-
ule o ils nutrient retention capability. Plant uptake, both
by plankton and macrophytes, sedimentation, and resuspen-
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Figure 1.8 Daily water level fluctuations in Lake Erie for July and November 1985 at Cleveland, Ohio
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sion are probably the most significant processes involved in
the wetland retaining and releasing phosphorus,

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 perspective, it
should be noted that non-point phosphorus loading (o west-
em 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

14

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 exampie, a program to develop 1000 km? of
wetlands in the westem 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 10 provide design criteria and cause for ecological engi-
neers (0 protect wetlands along the Great Lakes for therr
assimilative capacity in the landscape.
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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
intand 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 enclo-
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 diumal 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 important to predict the habitat
value of the wetland for aquatic organisms and the redox
reactions,

We report here on the results of two full diumal meas-
urements of dissolved oxygen in Old Woman Creck
Wetland, one in July and the other in October. These diur-
nat measurements are then used to illustrate the spatial
patierns 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 diumal pattems 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 § stations in Old Woman Creek Wetland (and one
site in Lake 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 10 kilocalorie rates by a multiplication of
3.6. Corrections for oxygen diffusion was assumed to not
be mecessary based on the diffusion dome measurements
described in the next chapter. Solar radiation was recorded
with an Eppley black and white pyranometer installed at the

sanctuary headquarters.

Results

Figures 2.2 and 2.3 summarize gross primary productiv-
ity and P/R ratio estimates for the 8 sampling stations in
0Old Womar Creek. All of the oxygen and temperature read-
ings for Old Woman Creek wetland for the July and October
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Figure 2.1 Sampling stations for diurnal oxygen measurements in Old Woman Creek Wetland
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Diurnal Patterns of Dissolved Oxygen

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.

Oxygen Concentrations

The July oxygen data dispiay a dramatic change in
oxygen over a wenty four hour period. Readings ranged
from 2 mg/l at 6 AM to peaks of 12-15 mg/l 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 generaily
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 clearly undersaturated at dawn,
while it remained much closer to saturation during the
Oclober readings.

The oxygen readings, by themselves, demonstrate an
inhospitable environment in Old Woman Creck wetland for
aquatic life. Carp (Cyprinus carpio) 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
¢arly moming 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-Jominated system,
Plankion productivity in July data ranged from 15 to 57
kcal/m?-day or an average of 30 kcal/m2-day for all sites.
The October data result in productivity calculations of 2 to
19 kcal/m2-day with an average of 8 kcal/m2-day for all
sites (Figure 2.2},

21

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, intercstingly, there was greater respiration than
production at the two sites in the upstream reaches of the
wetland (Stations 8 and 9). The low P/R ratio for Station 8
is undersiandable 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 shifis 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 kcal/m2-day, while the October readings vielded an
estimate of 2,602 kcal/m2-day. The average gross primary
productivity of 30 kcal/m2-day in July yields an efficiency
of 0.4 %, The average gross primary productivity of 8 kcal/
m2-day in October results in an efficiency of 0.3%. These
productivities are significant for planktonic systems and are
comparable o those of productive wetlands in flow-through
conditions (Mitsch and Gosselink 1986 or highly eutrophic
lakes.
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Table 2.1 Results of diumal oxygen measurements at Old Woman Creek Wetland, July 11-12, 1988

Station 1 Depth: 0.65 m
Time Ti DO! DO2 DOave
(hrs) @egC) (ym3) (Ym3) (¥m3)
12.67 27 6.2 6.7 6.45
15.08 x 9.2 9.2 9.2
18.58 X 84 8.6 8.5
22.33 23 8.5 8.6 8.55
25.02 x 8.8 8.9 8.85
2797 225 82 8 8.1
30.90 24 7.5 1.6 1.55
33.92 x 9.3 8.5 8.9
36.08 X 52 5.6 5.4
39.08 X 78 7.2 75
42.17 x 6.7 6.5 6.6
45,17 x 7 6.5 6.75
32.50 hours
Station 2 Depth: 0.5m Secchidisk 0.17m
Time Temp DO1 DO2 DOave  Rale Rate
(hrs) (deg C) ?;.13) (@m3) (gm3)  (gm3-h)  (@Pm2hr)  (gm2) (kcal/m?2)
12.75 27 3 3 4.15
15.25 27 5.2 4.5 485 0.28 0.14 1.00 361
18.75 27 79 7.2 7.55 0.77 0.39 226 8.15
22.67 25.5 5.9 6.1 6 040 0.20
2495 25 34 3.7 3.55 -1.07 0.54
27.80 25 36 3.2 34 0.05 0.03
30.78 26 1.7 1.7 1.7 0.57 028
33.83 25 34 3 32 049 0.25 1.55 5.57
36.20 26 44 43 435 0.49 0.24 L.19 4.30
39.20 30 6.7 6.8 6.75 0.80 0.40 1.98 7.14
42.25 26 10.1 10.1 10.1 1.10 0.55 247 8.90
4532 27 6.4 6.3 6.35 -1.22 061
Gross Primary Productivity 7.20 25.91 kcal/m2-d
32.57 hours Respiration .26 6.27 -22.58 keal/m2-d
Station 3 Depih: 0.65m Secchudisk  0.13m
Time Temp DO1 DO2 DOave  Rate Rate
(hrs) @gC) (ym3) (yYm3) (¥m3) (gmdh)  (@m2h)  (@m2) (keal/m2)
1292 27 8.5 1.5 8
15.50 28 11.3 12.2 11.75 145 094 3.80 13.66
18.83 23 12.25 10.4 11,325 0.13 0.08 148 5.31
21.83 26 9 9.1 9.05 .76 049
24.80 25 35 3.7 36 -1.84 -1.19
27.62 24 32 3.5 3.35 0.09 0.06
30.70 245 1.7 16 1.65 0.55 £0.36
33.75 24 6.4 49 5.65 1.31 085 420 15.13
36.28 27 74 7.1 725 0.63 041 237 8.54
39.28 29 10.3 10.1 10.2 0.98 0.64 349 12,58
4245 285 12.6 119 12.25 0.65 042 3.00 10,79
4543 27.5 11.1 11.3 112 0.35 023
Gross Primary Productivity 13.07 47.04 kcal/m2-d

32.52 hours Respiration -0.53 -12.62 -45.43 kcal/m2-d
Station 4 Depth: 0.52 m Secchidisk 0.125 m
me Temp D01 DO2 DOave  Rate Rate @) 2

C m3 3 3 -hr m2-hr) m {kcal/m
TS TR < S A /S
16.00 28 6.5 6.8 6.65 L11 0.58 241 8.68
18.92 28 6.4 6.5 6.45 0.07 0.4 0.62 223
21.58 26 4.7 44 4.55 £.71 0.37
24.67 26 1.2 1.8 1.5 -0.99 0.51
2745 245 2.6 2.7 2.65 041 0.21
30.53 25 08 0.7 0.75 062 0.32
33.63 25 2.1 2.1 2.1 0.44 0.23 147 5.29
36.42 26 4 4.1 405 0.70 0.36 1.70 6.13
39.35 28 7.2 7.5 7.35 1.13 0.59 244 8.79
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Table 2.1 continued

4253 28
4555 27
32.47 hours
Station 5

Time Temp
{trs) {deg C}
13.25 27
15.67 28
19,17 28.5
21.35 26
24.42 26
27.25 A4
30.35 25
3347 25
36.58 27
3947 27
4257 29
45,63 28
32.38 hours
Station 6

Time Temp
(trs) (deg C)
12.75 26
15.17 28
18.38 28.5
21.33 27.5
2425 25.5
21.33 26
30.23 23
33.25 23
36.25 26
39.17 29
4192 31
45.28 27
32.53 hours
Station 7

Time Temp
(hrs) (deg ©)
13.17 26
1548 27.5
18.75 25.5
21.58 26.5
2445 25
27.53 26
3045 24
33.50 24.5
36.50 25.5
39.33 285
42.20 31
45.50 27
32.33 hours
Station 8

Time Temp
(hrs) (deg ©)
13.42 26.5
15.70 27.5
18.90 27
21,78 26
2468 25.5

L=
— L

bt N,

.06038

o g =
[75)
N

a0l i L 00 00
it nomia

-
-

8.3

e e

VoW e
O b

PR

Raie
(g/m3-hr)

(g/m3-hr)

Rate
(g/m3-hr)

Rate
(g/m3-hr)

85 79 0.17
5.2 5.15 091
Gross Primary Productivity
Respiration

Depth: 043 m

DO2 DO ave

{g/m3) {g/m3)

8 74

98 10.35 1.22
84 8.35 -0.57
8.6 8.7 0.16
6.6 5.75 0.96
3.7 3.65 .74
19 1.85 .58
4.5 4.15 0.74
6.1 565 048
9.7 9.65 1.39
11.4 10.9 040
11.9 11.85 0.31
Gross Primary Productivity
Respiraton

Depth: 03m

DO2 DCave  Rale
{g/m3) (g/m3)

78 745

11.2 11.25 1.57
14.3 14.75 1.09
1.7 929 -1.64
7.7 7.65 077
34 345 -1.36
335 3.275 .06
58 5.8 0.84
7.7 7.7 063
13.7 13.5 1.99
15 152 0.62
13 132 -0.59
Gross Primary Productivity
Respiration

Depth: 033 m

DO2 DO ave

@m3)  (gm3)

6.9 6.85

11.8 1195 220
9.7 10.35 049
8.2 825 4.4
47 4,65 -1.26
27 2.65 .65
2 2 .22
3.7 34 0.46
5.8 5.75 0.78
12,1 12,75 247
11.3 i1.1 .58
98 9.65 .44
Gross Primary Productivity
Respiration

Depth: 09m

DO2 DO ave

(g/m3)  (g/m3)

68 6.4

11.2 112 2,10
13 123 0.34
47 4.75 -2.62
32 32 0.53

25

0.09
047

0.23

Rae
(g/m2-hr)

052
.25
0.07
041
0.32
.25
0.32
0.21
0.60
017
0.13

0.23

Rate
(g/m2-hr)

047
0.33
0.49
0.23
041
0.02
0.25
0.19
0.60
0.19
.18

0.29

Rate
(g/m2-hr)

0.73
0.16
0.24
041
0.21
0.07
0.15
0.26
0.82
0.19
0.15

0.24

Rate
(g/m2-hr)

1.89
0.31
-2.36
.48

1.07

6.69
594

(g/m2)

1.82
-0.06

1.70
1.36
238
1.25

6.68
-348

Secci disk
(&/m2)

1.84
1.98

1.63
143
2.58
1.30

6.94
£.91

Secchi disk
(g/m2)

223
0.25

1.18
149
298
0.13

5.78
-5.68

Secchi disk
g/m2)

6.13
3.53

3.87

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

(keal/m2)

6.55
-0.22

6.12
4.88
8.56
448

24.05 kcal/m2-d
-19.72 kcal/m2-d

0.09 m
(kcal/m2)

6.61
7.1

5.85
5.16
9.29
4.69

24,99 kcal/m2-d
-24 87 kcal/m2-d

0.07 m
(keal/m2)

8.03
0.88

4.26
5.35
10.73
0.48

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

0.17 m
(kcal/m2)

22.08
12711
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Table 2.1 continued
2187 27
30.58 24
3375 24.5
36.63 25.5
39.47 27
42,40 29
45.67 26.5
3225 hours
Station 9

Time Temp
(hrs) (deg C)
13.58 26.5
15.83 27.5
19.08 27
219 26
24.87 25
27.72 26
30.68 24
34.00 25
36.75 26
39.75 28
42.62 29.5
45.87 26
32.28 hours

PO BN
LA Lh G = 00

— R,
pug
[=.
[7%]
A

hln

BN OWNWAND
o

h i wa

2 2 -0.38
2 2 0.00
32 4 0.63
49 5 0.35
9.1 92 1.48
9.8 %.15 -0.02
6.5 6.5 .81
Gross Primary Productivity
Respiration

Depth: 0.3 m

DO2 DOave  Rate
(g/m3) (g/m3) (g/m3-hr)
6.5 6.5

10.8 10.7 1.87
9.5 9.5 -0.37
6.5 6.55 -1.04
4.7 4.85 -0.58
3 3 -0.65
22 2.1 .30
42 3.95 0.56
6 6.15 0.80
14.2 13.05 2,30
8.8 8 -1.76
49 4.7 -1.02
Gross Primary Productivity
Respiration

26

0.17

030
0.19

432
3.19
6.03
228

15.82
-19.06

Secchi disk
(g/m2)

1.69
0.27

1.19
1.19
2.65
.96

4.07
-4.63

15.53
11.48
21.11
8.23

56.95 kcal/m2-d
-68.62 kcal/m2-d

0.135m
(kcal/m?2)

6.10
0.96

4,30
4.28
9.53
-3.46

14,65 keal/m2-d
-16.65 kcal/m2-d
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Table 2.2 Results of Diunal Oxygen Measurements at Old Woman Creek Wetland, October 8-9, 1988

Station 1 Depth: 04 m
Time '[(‘gn%) DOl 3 D&B) DO %\ie
m m
653 @O g g
3.00 9.5 94 9.6 95
12.50 12.5 9.5 8.2 8.85
15.50 16 5.8 5.6 5.7
18.50 13 9.2 8.8 9
20.75 12 7.8 538 6.8
24.25 12 94 04 94
26.75 11.5 8.1 7.8 7.95
30.17 11.5 92 94 93
23.84 hours
Station 2 Depth: 0.5m
iy T(‘;E:mC) DOI?:) 3 o %e {g/m3-hr) {g/m2-hr) (g/m?2) (kcal/m2)
2 m 'm
o g ST S
92,33 8 6.6 6.6 6.6 0.05 0.03 0.30 1.08
12.83 6.9 6 6.45 -0.04 -0.02 0.21 0.76
15.85 12.5 5 32 4.1 0.78 -0.39 -0.93
18.33 X 6.9 8.7 78 149 0.75 2,08
21.00 10 52 6 56 -0.82 -041
2442 9 8.5 3.9 8.7 091 045
27.17 9 5.15 5.15 5.15 -1.29 -0.65 0.00
30.50 9 7.2 6.8 7 0.56 0.28 0.00
Gross Primary Productivity 1.63 5.88 kcal/m2-d
23.92 hours Respiraticn -0.08 -1.96 -7.05 keal/m2-d
Station 3 Depth: 03m
rs) TC) DO13) 3) DOa;)e Ii(ﬁmm% hr) (g/m2-hr) {(g/m2) (kcal/m2)
'm 'm - m2- m
o ST A A
9.50 5.3 9 9 9 0.25 0.08 0.31 1.13
13.08 9 74 8 7.7 -0.36 .11 -0.26 -0.92
16.15 14 3138 54 4.6 -1.01 -0.30 -0.82
18.17 11 8.3 99 9.1 2.23 0.67 143
21.08 10 6.8 6.8 6.8 -0,79 -0.24
24.58 9 83 8 8.15 0.39 0.12
27.11 11 6.9 605 6475 -0.66 .20 0.00
30.67 8 16 94 85 0.57 0.17 0.00
Gross Primary Productivity 0.67 2,40 kcal/m2-d
23.92 hours Respiration -0.04 -0.90 -3.23 kcal/m2-d
Station 4 Depth: 0.6 m
09 GO @my  Emy gD Gmw ek @md)  keamd)
m m m3- m2- m
B TR R« S
9.33 8 6.6 6.6 6.6 -0.40 -0.24 -0.36 -1.29
12,580 11 6.6 64 6.5 -0.03 0.02 0.06 0.20
14.920 12 6.7 54 6.05 -0.19 -0.12 -0.19 -0.67
19.000 12 3 8 8 0.48 0.29 1.32 4.74
20.800 12 8.65 8.5 8.575 0.32 0.19 0.41 147
24.500 11 8 83 8.15 -0.11 £0.07
30.570 10 8.15 8.1 8.125 0.00 0.00
Gross Primary Productivity 124 4.45 keal/m2-d
23.00 hours Respiration -0.04 -0.86 -3.08 kcal/m2-d
Stallon 5 D(ﬁlh: 045 m
Py ];fem%) Dms) 3) DO%‘SG @% hr) li(;z}:rexz h) (@/m2) (kcal/m?2)
2 m m3- - cal/m
T & TR«
10.00 8 57 6.5 6.1 -0.93 -042 -0.51 -1.85
12.92 1 92 88 9 0.99 045 1.87 6.72
15.17 14 89 89 8.9 0.04 0.02 0.39 1.39
18.80 13 8 8.1 8.05 0.23 -0.11 0.31 1.13
2097 12 9.5 8.8 9.15 0.51 0.23 0.91 328
24.83 11 8.7 8.7 87 -0.12 -0.05
30.90 11 425 4.2 4225 -0.74 -0.33
Gross Primary Productivity 297 10.68 kcal/m2-d
23.15 hours Respiradon 0.19 -4.61 -16.60 kcal/m2-d
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Table 2.2 continued

Station 6
me

15.250
19.070
21,700
24.250
27.500
30.300

23.05 hours

Station 8
Time

.7
10.23
12.80
15.53
18.97
21.57
24.50
21.80
30.47
23.72 hours

Station 9
Time

760

10.470
12,670

23.58 hours

SO SO0
[~ -2 =] [ P PR P - N
& -]

Depth: 0.15m
DCFZ3) DO%\Sc Rate
'm g'g/m
1 .1
8 1.9
8.7 8.75
10.1 9.9
108 10,85
42 g.45
7.7 7.45
765 743 0
Gross Primary Productiv
Respiration
Depth: 0.3m
D(fza) DO a:’y)e
) Gl
44 4,85
10.8 i0.8
94 9.51
10.6 10.8
10.16 9.58
5 495
9.65 9325
82 8 0.
Gross Primary Productivity
Respiration
Depth: 087 m
D& DO ave
3) 'm3)
) 6
4.6 4.8
8.2 7.35
7.15 7.03
88 8.85
74 1.5
59 5.75
48 5.15
5.1 537
Gross Primary Prod
Respiration
Depth 03m
D& DO ave

%mS)

]
g
§. .

25

52 55

7.2 6.8

9.35 10.2

10.3 10.05

85 8.15

x 42

645 6.275

26 3475

Gross Primary Productivity

g

oo
SR

DS
SRE

S

=

(g/m2)

042
0.29
0.30
0.32

1.33
-1.39

(kcal/m2)

1.50
1.03
110
1.15

4,78 kcal/m2-d
-5.01 kcal/m2-d

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

(kcal/n2)

-2.33
1043
1.59
8.97

18.66 keal/m2-d
-22.81 keal/m2-d

(kcal/m2)

0.05
2.84
5.65
1.83

10.37 kcal/m2-d
-15.67 kcal/m2-d
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Figure 2.15 Diumal oxygen patterns, water temperature and oxygen rate of change curves for Old Woman Creek
Wetland, station 5, October 8-9, 1988
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Figure 2,20 Solar radiation pattern for July 11-12, 1988 at Oid Woman Creek wetland
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Brian C. Reeder
William J. Mitsch

Introduction

Heath (1987), Klarer {1988) and Mitsch et al. (1989)
have suggested, with some preliminary data, that Old
Woman Creek wetland may be an effective sink and trans-
former of phosphorus, a chemical determined Lo be a culprit
in the eutrophication of adjacent Lake Erie. The productiv-
ity of a wetland may be directly linked to its ability o
function as a sink or transformer of nutrients (Mitsch et al.
1989}, Few studies have been done 1o determine the primary
productivity of a Lake Eric 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 phosphosus, estimates of annual primary
productivity are needed in addition 10 data on water chemis-
try. A measurement of systems level produclivity of
plankion and macrophytes can be modelled to predict
wetland functioning and efficiency. This has been done on a
number of other wetlands to determine the role of productiv-
ity in nuotrient cycling (Nixon et al. 1976; Mitsch 1977;
Mitsch et al. 1979; Pomeroy and Weigert 1981; Ewel and
Qdum 1984), This paper estimates the primary productivity
of the open water and Nelumba lutea communitics of Old
Woman Creek wetland and suggests reasons for the
observed pattcrns of productivity.

Methods
Whole System Meiagbolism

Productivity and respiration werc ¢stimated on ten occa-
sions by evaluation of the diurnal changes in dissolved

Seasonal Patterns of Planktonic and Macrophyte
Productivity of a Freshwater Coastal Wetland

oxygen (Odum and Hoskin 1958). Measurements were
taken every three to six hours (taking care o get data near
dawn and dusk) at sites #3, #4, #5, #6, #7, and #5 (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 0° C; therefore, planktonic activity was
assumed o be insignificant.

Daily net produclivity was determined by summing the
changes in oxygen concentration beiween 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 1o the sum of the mean daily respiration during
the daylight hours. Figure 3.1 shows a diumal sample curve
and productivity calculation.

Measurements were made Lo detcrmine 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 (Figure 3.2) was purged with nitro-
gen to a near zero dissolved oxygen reading. The rate at
which the oxygen recovered was then used 1o calculale 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-1, 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 27 Sept.
12 7] 1987
11 7]
D.O., 10 7
mg/L. g7
8 ]
7]
6 | ¥ ) ’ | Ll T L 1 v 1 L 1 ¥ 1
15:30 18:30 21:30 2:30 630 930 12:30 1530
Hour
1.0 Net
Production
Rate of 0.0 &
Change / /
% — /7/ - Average
o Da i im‘l ‘ . Respiration
15:30 18:30 21:30 2:30 630 930 12:30 1530
Hour

AD.O. (g/m3)

A t (hours) * depth (m)

N For Net Productivity {g/m2-day), integrate rate of change
above 0 for daytime hours

For Total Respiration, find average nighttime

respiration (R (g/m2/h1 * 24 hours/day

7// For daytime respiration, integrate rate of change below O
4 for daytime hours and above average respiration line

Rate of Change (¢/m2-hr) =

Daytime Respiration + Net Productivity =
Gross Primary Productivity (g/m2-day)

Figure 3.1 Example of metabolism calculations from diurnal change in dissolved oxygen as used in Old Woman
Creck wetland
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Dome Volume = 5.0 L
o
Temperature =295 K

Surface Area Covered =0.1521 m2
% Saturation on May 13, 1988 = 99%
% Increase of O2 in dome = (0.075 ml/hr

According to Odum and Hoskin (1958):
273 32g02

295 2400 ml
0.1521 * .99

0.075 *

= .00068 g 02/m2-hr

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

Water samples were taken at the 10 sites shown in
Figure 2.1 every two wecks and analyzed for chlorophyll a.
Fifty ml of fresh sample were fillered through a 0.45 um
membrane filter; the filter was placed in a 50-ml centrifuge
tube using 15 mi of 90% acetone as an exiractanl. 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-cm path length spectrophotometer cell. Absorbances
were rcad at 750 and 665 nm. The sample was then acidified
in the spectrometer cell with 3 drops of 1 N HCl o correct
for degradation using Lorenzen’s (1967) equation:

AB6S5 - A665a
Percent Native Chlorophyll = —

0.7 * A66S

X 100

where,
A665 = absorbance at 565 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/arca (3 dry
weights/ ¥ 7 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 m?
quadrats were placed in areas were Nelumbe was known 10
grow. These were harvested at peak biomass (based on flow-
ering time) and the plants dried at 104°C ovemight and
weighed. In 1988, cight 2.25 m? 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 sclected 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 slides 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
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the area calculated by a digital planimeter.

Insolation

Daily insolation data were obtained from a continuous
recording pyroheliometer located about 35 km northwest of
the silc at the light house on South Bass Island {in Lake
Erie). The area for each day on a weekly strip charl was
measured by planimeter. Due 10 data gaps in the record
{Sunday is almost always incomplete), weekly average
insolation was estimated.

Results

Results of plankionic metabolism in Old Woman Creck
are summarized in Tabie 3.1 and Figure 3.3, Complete data
on dissolved oxygen readings and calculations are given in
Appendix 3.1. Plankionic productivity peaked in late June
and mid-July, leveled off until late August, then fell in
carly Scptember to a level that was no longer discernible by
the diumal method (during a brief cold spell accompanied by
heavy rainfail), Productivity increased again in latc
September and continued until cold weather. Ecological effi-
ciency on the particular day the diurnals were done is
generally low. Chiorophyll a did not correlate well with
whole system metabolism measurements; however, when
average valucs for both whole system metabolism and chlo-
rophyll a are plotied together, they follow the same pattern,
and a correlation for the means is significant (Figure 3.4).
Annual gross planktonic productivity translales 10 a total
water column productivity of 976 g Op/m2-yr. This is
equivalent 10 366 g C/mZ-yr or 3,700 kcal/m2-yr,

Floating-leal 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 yicld similar results. The quadrat method suggesied a
peak biomass of 160 + 30 g dry wym? while the transect
method yiclded an average of 131 g dry wmZ (Table 3.2;
see also Appendices 3.2 and 3.3). Macrophyte net produc-
tivity, conservatively estimated by biomass at peak harvest,
is thus 75 g C/m2-yr or 750 kcal/mZ-yr.

Phosphorus concentration of Nelumbo ranged from 2.17
to 6.07 mg P/g dry wi (avet std dev. = 3.41 + 1.07 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 wetiand
Al values in g Oo/m?-day.

station weighied
date 3 4 5 6 7 9 mean SD mean
June 2787 108 7.6 6.1 - 54 6.4 72 321 6.8
Sept2687 6.9 9.7 28 - 32 2.1 49 432 53
May 14 88 6.2 7.1 7.7 6.8 8.1 8.1 74 2077 1.6
May 2888 4.0 6.0 4.1 30 4.1 44 4.34+0.98 4.1
June 1988 7.1 1.3 9.1 6.5 10.6 95 84116 1.7
Junc 2788 7.6 5.8 9.3 6.8 7.8 90 7.811.4 74
July 1288 138 7.4 78 7.2 6.0 3.5 7.6 £34 7.0
July 26 88 3.7 8.1 27 52 7.8 59 56122 6.4
Aug 2588 359 5.8 45 4.9 8.9 26 54 2.1 6.1
Sept24 88 8.4 5.3 77 25 9.9 6.3 6.7 2.6 6.7

mean 8D 7.1+3.2 6.7 1.1 6.7 £2.6 5.41.8 T9¥2.1 62426

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

date Quadrat Method Transect Method Phosphorus
g dry/m?, meantSD g dry/m2, mean mg/g dry wt

Sept 6 87 109 + 48 - -

May 14 88 10+2 ; -

July 12 88 101 + 32 125 33

Aug 25 88 160 + 30 131 (n=3) 34 (n=3)

total/OWC 1987 (kg) 12,971

total/OWC 1988 (kg) 14,827 63.5
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Figure 3.3 Annual pattemns of insolation, gross primary productivity, and solar efficiency for Old Woman
Creek wetland open water in 1988
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during July and Angust (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 commaunities
(Wetzel 1983), Planktonic productivity is high during the
initial diatom blooms in Old Woman Creek wetland as the
water begins w 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 Euglenas, suggest-
ing that climax communities never form or that nutrients
are in such high supply that reproduction continually
exceeds losses. Kreiger (1985) noted dramatic changes in
planktonic population assemblages of Old Woman Creek
wetland. This may explain why chlorophyll ¢ values do not
correlate with whole system metabolism values. As the
community moves from diatoms or cyanobacteria to green
algae, the chlorophyll @ 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
preductivity in the water column, even though they covered
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a significant portion of the wetland. Even at peak plant
biomass, those sites in or near Nelumbo beds did not vary
greatly from the other sites. In fact site 4, which had the
most influence from Nelumbo, was ofien the most produc-
tive site.

Old Woman Creek wetland is relatively productive on
a plankionic basis, but it lacks the higher productivity
values that can be obtained in marshes where different 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 Nelumbo 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/m?
(Westilake 1963; Good et al. 1982). On the low end of the
scale are water lilies, which range around 250 g dry wi/m2
{Good et al. 1982). Our Neiumbo beds were approximately
60 percent as productive as this benchmark. A Nelumbo
based wetland, created presumably by high water levels,
will never have the macrophyte productivity characteristic
of many other types of weilands where emergent plants
such as Typha and Scirpus dominate.

At lower water levels, many more emergent specics have
been present at Old Woman Creek wetland (Marshall and
Stuckey 1974). Lower water level would probably increase
magcrophyte productivity but the more significant contribu-
tions of the plankton may be lost as water volume would
be less. However, it is unlikely that planktonic productivity
would decrease in direct proportion to water volume, espe-
cially because highest productivity values were often seen
in the shatlowest 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 of 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 Ieaf diameter for
Nelumbo lutea from Old Woman Creek wetland
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Appendix 3.1 Diumnal dissolved oxygen of Old Woman Creek and productivity calculations

27-Jul-87 hour
14:00 18:00 21:30 1:00 4:00 7:00 11:00 14:00
Station D.0. Concentration in g/m3
3 1420 1440 1400 970 790 550 980 14.50
4 11.50 13.00 1220 1040 870 840 1070 1150
5 13.90 1520 1400 1250 1040 850 1100 1390
7 1120 1320 12.00 1120 1020 850 1040 1120
9 1080 1290 11.50 9.80 830 600 950 1080
Rate of Change in g/m3/hr
3 0.05 611 -123 060 -080 1.08 0.94
4 038 -023 051 -057 -010 058 016
5 033 034 -043 070 -063 063 058
7 050 -034 -023 -033 -057 048 016
9 053 -040 -049 050 D77 098 018
Rate of change in g/m2/hr depth (m)
3 004 -008 -08 -042 -056 075 066 070
4 034 021 -046 -051 D09 052 014 090
5 016 -017 021 -035 -032 031 029 050
7 030 -021 014 -020 -034 029 010 060
9 026 020 -024 -025 -038 049 009 030
Avg. Res. g/m2-hr g/m2-day GPP g/m2-dayKcal/m2-day
3 -0.48 -11,52 10.82 38.97
4 -0.32 -7.61 7.62 27.44
5 -0.26 -6.31 6.07 21.84
7 -0.22 -5.30 5.39 19.40
9 -0.27 -6.46 6.36 22.91
Average -0.31 -144 7.25 26.11
26-Sep-87 hour
15:30 18:30 21:30 2:30 6:30 9:30 12:30 15:30
Station D.O. concentration in g/m3
3 1000 1120 760 740 620 6.10 790 1000
4 11.00 1220 1040 810 670 660 790 1100
5 g10 870 770 750 610 590 79 810
7 920 920 900 820 640 630 RI10 9520
9 890 8% 750 710 610 610 720 890
Rate of change in g/m3/hr
3 040 -120 0064 -030 0603 060 070
4 040 -060 046 -035 -003 043 103
5 020 -033 -004 -035 007 067 007
7 000 -007 016 -045 003 060 037
9 0.00 047 -008 -025 000 037 057
Rate of change in g/m2/hr Depth (m)
3 032 09 003 024 -003 048 056 0.80
4 044 066 051 039 004 048 114 110
5 012 021 -0.02 D22 04 041 04 062
7 000 005 -001 <032 002 042 026 070
9 o0 021 004 011 000 017 026 045
Avg. Resp. g/m2/hr /day GPP g/m2-day Kcal/m2-day
3 0.31 -7.55 691 24 88
4 -0.40 953 973 35.04
5 -0.12 254 284 10.22
7 012 208 315 11.33
9 -0.09 -215 207 7.44
Average -0.21 503 494 17,78
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14.May-88 hour
5:45 9:45 16:45 21:00 1:45 5:45
Station D.0. Concentration in g/m3
3 580 820 980 1100 860 580
4 610 840 8% 11.00 880 6.00
5 360 590 7.10 1020 520 3.10
6 310 590 600 1080 490 290
7 370 920 1100 139¢ 9.00 400
9 420 850 140 10,00 89 3.70

Rate of change ing/m3/hr

3 060 023 028 -064 070
4 058 007 049 -064 -065
5 058 017 073 -133 -0.53
6 070 0.01 113 -1.57 -0.50
7 1383 026 058 -131 -125
9 1.08 041 -033 -029 -1.30
Rate of change on g/ml/hr Depth (m)
3 024 009 011 D26 -028 040
4 030 004 026 -033 034 0.52
5 021 006 027 -049 019 037
6 020 000 033 046 015 029
7 048 019 015 -013 -059 045
9 048 019 015 -013 -059 045
Avg. Resp, g/m2/hr /day GPP g/m2.day Kc¢al/m2-day
3 -0.27 643 617 22.20
4 -0.34 805 766 2759
5 -0.34 -825 768 27.67
6 -0.30 722 6.82 24.54
7 -0.36 860 8.08 29.08
9 -0.36 -860 808 29.08
Average 033 -7.86 741 26.69
28-May-88 hour
§:30 11:30 20:45 5:30
Station D.O. concentration in g/m3
3 320 610 650 360
4 350 580 740 380
5 360 580 700 360
6 500 610 820 450
7 420 580 750 430
9 3.80 560 660 320
Rate of change in g/m3/hr
3 048 009 -038
4 038 017 -041
5 037 013 039
6 018 023 -042
7 0.27 018  -037
9 030 011 -0.39
Rate of change in g/m2/hr Depth (m)
3 023 003 -0.15 .40
4 023 010 -024 0.59
5 016 006 017 044
6 007 007 013 030
7 0.15 0.08 016 045
9 0.15 005 019 050
Repiration g/m2/hr /day GPP g/m2-dayKcal/m2-day
3 -0.15 362 4.00 14.41
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4 -0.24 583 599 21.55
5 -0.17 410 409 14.73
6 0.13 304 299 10.78
7 .16 -39 4.4 1491
9 -0.19 466 435 15.66
Average -0.18 420 426 15.34
19-Jun-88 hour
5:15 11:30 21:00 5:15
Station D.0. concentration in g/m3
3 320 440 670 180
4 .70 240 590 190
5 320 490 B850 180
6 240 400 710 200
7 260 400 B840 220
9 280 420 830 240
Rate of change in g/m3/hr
3 019 024 059
4 0.11 037 -048
5 027 038 -081
6 026 033 062
7 022 046 -075
9 022 045 04
Rate of change in g/m2/hr depth (m)
3 011 013 033 0.55
4 007 024 032 0.65
5 014 019 -041 0.50
6 0612 015 D28 0.45
7 0.13 028 045 0.60
9 012 025 041 0.55
Avg. Resp. g/m2/hr /day GPP g/m2-hr Kcal/m2-day
3 -0.33 -7.84  7.07 2545
4 -0.32 <756  7.69 27.70
5 041 975 905 32.56
6 -0.28 668 6.50 23.39
7 -0.45 -10.82 10.58 38.09
9 -041 976 954 34.34
Average -0.36 -8.73 840 30.26
27-Jun-88 hour
5:15 11:30 20:30 5:15
Station D.0. concentration in g/m3
3 480 700 990 490
4 440 780 830 4.20
5 400 450 1020 440
6 430 520 1120 4.00
7 480 510 1100 4.60
9 420 800 1250 430
Rate of change in g/m3/br
3 035 032 057
4 054 006 -047
5 008 063 -0.66
6 014 067 0.82
7 005 066 -0.73
9 061 0350 -0%
Rate of change in g/m2/hr depth (m)
3 019 018 031 0.55
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4 013 004 -030 0.65
5 005 038 -040 0.60
6 005 023 029 0.35
7 002 030 -033 045
9 024 020 -037 0.40
Avg., Resp. g/m2/hr /day GPP g/m2-day Kcal/m2-day
3 -0.31 -754  7.60 27.35
4 -0.30 -731 576 20.72
5 -0.40 955 979 35.23
6 -0.29 691 6.81 24.51
7 -0.33 -790 7.81 28.11
9 -0.37 900 9.04 32.53
Average -0.33 -803 780 28.08
12-Jul-38 hour
6:30 9:30 12:30 15:30 18:30 21:30 0:30 3:30 6:30
Station D.0O. conceniration in g/m3
3 165 565 725 1020 1225 1120 360 335 165
4 0.75 210 405 735 1790 515 265 150 075
5 185 415 565 965 1090 1185 575 365 185
6 3.28 580 770 1350 1520 1320 765 345 328
7 2.00 340 575 1275 1110 965 465 265 2.00
g 2.10 395 615 1305 8.00 485 470 300 210
Rate of change in g/m3/hr
3 1.33 053 098 068 035 -253 -008 -057
4 045 065 110 018 092 -0.83 -038 -0.25
5 0.77 050 133 042 032 203 070 -0.60
6 0.84 063 193 057 067 -185 -140 -0.06
7 047 078 233 -055 048 -167 067 -022
9 0.62 073 230 -168 -105 -005 057 -030
Rate of change in g/m2/hr Depth, m
3 0.87 035 064 044 023 -165 005 -037 065
4 0.23 034 057 010 -048 -043 020 -013 052
5 0.33 022 057 018 014 087 -030 -026 043
6 0.25 019 058 017 -020 -05 -042 002 030
7 0.15 02 077 -018 -016 -055 022 007 033
9 019 022 069 -051 -032 -002 -017 009 030
Avg. Resp. g/m2/hr {day GPP g/m2-day Kcal/m2.day
3 -0.57 -13.78 13.78 49.608
4 -0.31 -7436 7436 26.7696
5 -0.32 -7.783 7.783 28.0188
6 -0.30 -7.155 7.155 25.758
7 -0.25 -6.006 6.006 21.6216
9 -0.15 354 354 12.744
Average 0.32 -162 182 27.42
26-Jul-88 hour
6:00 15:00 18:00 6:00
Station D.0. concentration in g/m3
3 400 720 860 390
4 210 1120 1250 2.60
5 300 580 740 280
6 310 7.80 1120 3.20
7 350 1080 1200 3.50
9 400 1080 1120 3.60
Rate of change in g/m3/hr
3 036 047 -039
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L= = R & T

vg. Resp.

O R WER O I AW

Average
25-Aug-38

Station

LT=B S I+ R S ]

MO o=l Oh A b L

vg. Resp.

PO R WO B W

verage

24-Sep-88
6:15
Station

Kcal/m2-day

1.01 043 083
631 053 -038
052 113 -067
081 040 -071
076 013  -0.63
Rate of change in g/m2/hr depth (m)
014 019 016 0.40
040 017 033 0.40
0.09 016 012 0.30
0.17 036 -0.21 0.32
037 018 -033 046
030 005 025 0.40
g/m2/hr /day GPP g/m-day
-0.16 376 372 13.39
-0.33 -792 812 29.23
-0.12 276 270 9.72
-0.21 -5.12 515 18.55
-0.33 -182 7.82 28.15
-0.25 -6.08 592 21.31
-0.23 -5.58 5357 20.06
hour
7:15 10:15 12:45 16:00 20:00 23:30 3:00
D.0. Concentration in g/m3
1.80 7.0 900 1220 850 700 370
1.50 240 500 870 680 48 320
060 580 620 B840 700 140 120
1.00 920 1040 11.80 760 400 220
090 420 500 820 760 300 130
120 S00 600 800 720 410 270
Rate of change in g/m3/hr
.77 076 098 -093 -043 094 -045
030 104 114 048 057 D46 040
173 016 068 -035 -160 -006 014
273 048 043 -105 -103 051 028
.10 032 098 015 -1.31 049 -0.09
127 040 062 020 -089 040 -035
Rate of change in g/m2/hr
053 023 030 -028 013 -028 013
012 042 046 019 023 018 -0.16
052 005 020 -011 -048 002 -004
068 012 011 -026 -026 013 -007
066 019 059 009 079 -029 006
025 008 012 004 0.8 -008 -007
g/m2/hr /day  GPP g/m2-day
-0.21 494 592
-0.19 457 584
-0.16 -3.87 448
-0.18 431 485
-0.31 -71.36  8.86
-0.09 221 259
-0.19 4,54 542
hour
12:15 17:15 19:15 2:15 6:15

D.0. Concentration in g/m3
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7:15

1.80
1.50
0.60
1.00
0.90
1.20

depth (m)
0.30

0.40

0.30

0.25

0.60

0.20
Kcalim2-day
21.32
21.01
16.12
17.45
31.89

9.34

19.52
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3 230 8.30 13.90 1200 490 240
4 340 680 950 830 460 290
5 3.20 10.20 1490 950 500 3.00
6 4.00 10,76 16.60 1250 480 3.60
7 3.60 11.2¢6 1550 1080 510 3.80
9 3.10 8.90 1260 1020 520 3.50

Rate of change in g/m3/hr
3 1.03 1.08 095 -101 063
4 0.57 0.54 060 053 043
5 1.17 0.94 270 064 050
6 112 118 -205 -1L10 -030
7 1.27 (.86 -235 081 -033
9 0.97 0.74 -120 071 043

Rate of change in g/m2/hr depth (m)
3 041 043 -038 -041 D25 0.40
4 0.26 0.24 027 024 019 045
5 0.35 0.28 -081 019 015 0.30
6 0.11 0.12 -021 011 003 0.10
7 0.51 0.34 094 -033 013 0.40
9 0.34 0.26 042 025 -015 035
Avg, Res. g/m2/hr /day GPFP g/m2-day Kcal/m2-day
2 -0.35 -329 8.44 30.38
4 -0.23 -5.59 531 19.11
5 -0.38 922 7174 27.85
6 -0.12 276 2.53 9.09
7 -0.47 -11.17 9.88 35.56
9 -0.27 <655 633 2278
Average -0.30 -126 6,70 24.13
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Appendix 3.2 Vegetation transect data for Nelumbo utea at Oid Woman Creek wetland

Jul-88
Diameter, Area, Weight, Phosphorus
cm cm2 _gdrywt mgPigdrywt  mgP
48 1,810 18.92 2.89 54 .61
40 1,257 14.55 3.25 47.324
28 616 8.00 3.81 30.42
32 804 10.18 3.82 36.87
28 616 8.00 3.81 30.42
41 1,320 15.09 3.21 48.43
35 062 11.82 3.48 4117
60 2,827 25.47 2.34 59.50
35 862 11.82 3.48 4117
60 2,827 25,47 2.34 59.50
as 962 11.82 3.48 4117
&0 2,827 2547 2.34 £9.50
42 1,385 15.64 3.18 49,48
43 1,452 16.19 3.12 50.44
55 2,376 22.74 2.57 58.34
45 1,590 17.28 3.02 52.26
a7 1,075 12.91 3.39 43,79
80 2,827 2547 2.34 £9.50
18 254 2.54 4.26 10.81
54 2,290 22.19 2.81 57.96
39 1,195 14.00 3.0 45.21
48 1,810 18.92 2.89 54.81
22 380 472 4.08 19.26
27 573 7.45 3.85 28.69
Az 804 10.18 3.62 36.87
41 1,320 15.09 3.21 48.43
25 49 8.38 3.94 25.07
34 908 11.27 3.53 39.79
51 2,043 20.55 275 58.51
55 2,376 22.74 2.57 58.34
46 1,662 17.82 2.98 53.09
40 1,267 14,55 3.25 47.34
36 1,018 12.36 3.44 42.51
29 661 8.54 3.76 3z2.11
37 1,075 12.91 3.39 43.79
48 1,810 18.92 2.89 54 61
46 1,682 17.82 2.98 53.09
32 804 10.18 3.62 38.87
29 661 6.54 3.76 32.1
37 1,075 12.91 3.39 43.79
48 1,810 18.92 2.89 54.61
46 1,682 17.82 298 53.09
a2 804 10.18 3.82 36.87
29 661 8.54 3.76 32.11
50 1,964 20.1 2.80 55.93
38 1,134 13.46 3.35 45.02
26 51 8.9C 3.50 26.90
30 707 9.09 an 3A.75
51 2,043 20.55 2.75 55.51
26 5 8.90 3.90 26.80 Sum
27 573 7.45 3.85 28.89 Ave
55 2,376 22.74 2.57 58.34
57 2,552 23.83 2.47 58.95
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44 1,521
32 804
32 804
36 1,018
a7 1,075
23 415
27 573
54 2,200
39 1,185
48 1,810
45 1,580
52 2,124
59 2,734
3t 755
26 531
58 2,734
ar 1,075
30 07
50 1,984
48 1,810
43 1,452
24 452
23 415
27 573
40 1,257
ar 1,075
32 804
38 1,134
a7 1,075
40 1,257
57 2,552
48 1,810
44 1,521
as 862
50 1,864
38 1,134
42 1,385
22 380
44 1,521
55 2,376
33 8556
83 2,208
28 531
53 2,208
17 227
52 2,124
33 855
32 804
KR 755
28 818
135,775
39
S Flowers @
Biomass = 125

16.73
10.18
10.18
12.36
12.91
5.27
7.45
22.19
14.00
18.92
17.28
21.10
24.92
8.83
6.80
24.92
12.91
8.09
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
16.73
22.74
10.73
21.85
6.90
21.85
1.99
21,10
10.73
10.18
9.63
8.00
1.469.95
14.27
25

g dry wi/m2

3.07
3.62
3.82
3.44
3.38
4.03
3.85
2.61
3.30
2.89
3.02
2.70
2.38
3.67
3.80
2.38
3.39
amn
2.80
2.89
3.142
3.99
4.03
3.85
3.25
3.39
3.62
3.35
3.39
3.25
2.47
2.89
3.07
3.48
2.80
3.35
3.16
4.08
3.07
2.57
3.58
2.66
3.90
2.66
4.31
2.70
3.58
3.62
3.67
3.81

337.80

3.28

grams ea,

51.38
36.87
36.87
42.51
4379
21.24
28.69
57.98
48.21
54.61
52.26
57.04
59.37
35.33
26.80
59.37
43.79
33.75
§5.93
54.61
50.44
23.18
21.24
28.69
47.34
43.79
36.87
45.02
43.79
47.34
58.95
54.61
51.38
41.17
55.93
45,02
49.48
19.26
51.38
58.34
38.35
§7.52
26.90
57.52
8.57
57.04
38.35
36.87
35.33
30.42
4,511.968
43.81
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Aug-88
Diameter, Area, Weight, Phosphorus

cm cm2 gdrywt mg P/gdrywt mgP
30 707 8.44 an 31.33
34 808 10.64 3.53 37.57
19 284 2.35 4.22 8.97
42 1,385 15.08 3.18 47.63
a7 1,075 12.30 3.39 41.72
47 1,735 17.82 2.93 52.27
42 1,385 15.06 3.16 47.63
43 1,452 15.61 312 48.66
48 1,810 18.37 2.89 5§3.04
34 808 10.64 3.53 37.57
36 1,018 11.75 3.44 40.39
29 661 7.88 3.76 29.64
17 227 1.26 4,31 5.43
35 262 11.20 3.48 39.01
15 177 0.16 4.40 0.88
38 1,134 12.85 335 43.01
59 2,734 24.44 2.38 58.23
35 962 11.20 3.48 39.01
29 661 7.88 3.76 29.64
51 2,043 20.03 275 55.07
31 755 899 3.67 32.96
38 1,134 12.85 335 43.01
358 1,018 11.75 344 40.39
as 9682 11.20 3.48 39.01
39 1,196 13.40 3.30 44 24
33 855 10.09 3.58 36.09
50 1,964 19.48 2.80 54.44
51 2,043 20.03 2.75 55.07
41 1,320 14.51 3.21 46.55
43 1,452 15.61 3.12 48.66
48 1,862 17.27 2498 51.44
&0 1,964 19.48 2.80 54.44
27 573 6.78 3.85 26.11
38 1,134 12.85 3.35 43.01
a2 804 9.54 3.62 34.55
24 452 5.12 3.99 20.44
24 452 5.12 3.99 20.44
38 1,185 13.40 3.30 44.24
40 . 1,257 13.98 3.25 45.42
42 1,385 15.06 3.16 47.83
45 1,580 16.72 3.02 60.56
38 1,134 12.85 3.38 43.01
30 TO7 8.44 3.71 31.33
27 573 6.78 3.85 26.11
26 531 6.23 3.90 24.27
48 1,810 18.37 2.89 53.04
40 1,257 13.88 3.25 45.42
42 1,385 15.06 3.16 47.83
26 531 6.23 3.90 24.27 sum
26 531 8.23 3.90 2427 ave
18 254 1.B1 4.26 7.73
15 177 0.16 4.40 0.69
21 348 3.47 4.13 14.31
39 1,198 13.40 3.30 44.24
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25 491
45 1,680
41 1,320
23 415
42 1,385
22 380
26 531
48 1,810
39 1,185
42 1,385
40 1,257
45 1,580
28 818
36 1,018
23 415
19 284
41 1,320
49 1,888
39 1,195
52 2,124
R 755
38 1,134
36 1,018
28 B18
26 531
21 346
43 1,452
44 1,821
28 G616
28 616
39 1,185
41 1,320
34 808
28 616
26 53
28 616
25 491
i} 755
42 1,385
54 2,280
49 1,888
26 531
40 1,257
39 1,195
53 2,208
44 1,621
107.335
36
10 Seed Heads
Biomass = 131

5.68
16.72
14.51
457
15.08
4.02
68.23
18.37
13.40
15.06
13.98
18.72
7.33
11.75
4.57
2.38
14 51
18.92
13.40
20.58
8.99
12.85
11.75
7.33
6.23
3.47
15.61
16.18
7.33
7.33
13.40
14.51
10.64
7.33
6.23
7.33
5.68
8.99
15.06
2168
18.92
6.23
13.96
13.40
21.13
1B8.16

1,158.58
11.57
25

a dry w/mz

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
3.80
4.13
3.12
3.07
R
.81
3.30
3.21
3.53
s
3.90
3.81
3.94
3.67
3.16
2.81
2.84
3.90
3.25
3.30
2.65
3.07

345.32

3.45

grams ea.

22.38
50.58
48.55
18.45
47.63
16.40
24.27
53.04
44 24
47.83
45.42
50.58
27.90
40.39
18.45
9.97
48.55
53.77
44.24
55.64
32.98
43.01
40.39
27.90
24.27
14.31
48.88
49.84
27.90
27.90
44 .24
46.55
37.57
27.80
24.27
27.50
22.38
32.96
47.63
56.63
53.77
24.27
45.42
44.24
58.18
49.84

3,755.0¢
37.55
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Aug-88
Diameter, Area, Waeight, Phosphorus
cm cm2 gdrywt mg P/g drywt mgP
35 962 11.20 3.48 39.01
48 1,810 18.37 2.89 53.04
23 415 4.57 4,03 18.45
35 962 11.20 3.48 39.01
30 707 8.44 3.7 31.33
44 1,521 16.18 .07 49.64
29 661 7.88 3.78 29.64
48 1.810 18.37 2.88 53.04
36 1,018 11.75 3.44 40.39
35 962 11.20 3.48 35.01
27 873 8.78 3.85 26.11
23 415 4.57 4.03 18.45
37 1,075 12.30 3.39 41.72
26 5 8.23 3.90 24.27
a8 1,018 11.75 3.44 40.39
44 1,521 18.16 3.07 49,64
28 616 7.33 3.81 27.90
3s 1,195 13.40 3.30 44.24
27 573 6.78 3.85 28.11
21 348 3.47 4,13 14.314
20 314 2.92 417 12.17
29 661 7.88 3.78 29.64
34 908 10.64 3.53 37.57
30 707 8.44 3.71 31.33
27 873 8.78 3.85 26.11
41 1,320 14.51 3.21 45.55
48 1,610 18.37 2.89 53.04
42 1,385 16.08 3.18 47.83
38 1,134 12.85 3.35 43.01
56 2,453 22.79 2.52 87.42
47 1,735 17.82 2.93 52.27
43 1,452 15.61 312 48.65
47 1,735 17.82 2.93 52.27
43 1,452 156.61 312 48.68
42 1,385 15.06 3.16 47 .83
38 1,134 12.85 3.35 43.01
13 133 -0.95 4.49 -4.28
a6 1,018 11.75 3.44 40.38
28 618 7.33 3.81 27.90
24 452 512 3.99 20.44
33 855 10.09 3.58 36.09
43 1,452 15.61 312 48.66
43 1,452 15.61 312 48.86
47 1,735 17.82 2.93 52.27
! 1,018 11.75 3.44 40.39
42 1,385 15.08 3,186 47.83
24 452 5.12 3.99 20.44
21 346 3.47 4.13 14.31
3¢ 707 8.44 an 31.33
29 661 7.88 3.76 20.64 Sum
49 1,886 18.92 284 53,77 Ave
46 1,662 17.27 2.98 51.44
38 1,018 11.75 3.44 40.39
34 908 10.684 3.53 37.57
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39 1,185
48 1,810
45 1,580
28 816
24 452
43 1,452
23 415
34 908
268 531
18 177
30 707
54 2,290
58 2,642
39 1,185
a9 1,195
21 348
34 908
a8 1,134
36 1,018
36 1,018
25 491
37 1,075
36 1,018
27 573
25 491
35 - 982
28 531
a8 1,018
50 1,964
42 1,385
41 1,320
55 2,378
57 2,552
37 1,075
28 816
44 1,521
43 1,482
37 1,075
44 1,821
48 1,682
39 1,195
19 284
17 227
42 1,385
49 1,886
46 1,862
40 1,257
110,783
38 1,097
15 Seed Heads
Biomass = 141

13.40
18.37
18.72
7.33
5.12
15.61
4.57
10.64
8.23
G.16
8.44
21.68
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
11.75
19.48
15.06
14,51
22.24
23.34
12.30
7.33
16.16
15.81
12.30
16.16
17.27
13.40
2.26
1.26
15.06
18.92
17.2¢
13.96
1.190.41
11.78
25

g dry wi/m2

3.30
2.89
3.02
3.81
3.99
3.2
4.03
3.53
3.90
4.40
3N
2.61
2.43
3.30
3.30
4.13
.53
3.35
3.44
.44
3.94
3.39
3.44
3.85
3.94
3.48
3.80
3.44
2.80
3.16
3.21
2.57
2.47
3.39
.81
3.07
3.12
3.39
3.07
2.88
3.30
4.22
4.3
3.16
2.84
2.98
3.25

346.93

3.43

grams ea.

44.24
53.04
50.58
27.90
20.44
48.66
18.45
37.57
24.27

0.69
31.33
56.63
58.01
44.24
44.24
14.31
37.57
43.01
40.39
40.39
22.38
41.72
40.39
26.11
22.38
39.01
24.27
40.39
54.44
47.63
46.55
57.05
57.74
41,72
27.50
49.64
48.66
41.72
49.64
51.44
44.24

9.97

5.43
47.63
53.77
51.44
4542

3,844.36
38.06
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Aug-88
Diameter, Area, Weight, Phosphorus

cm cm2 gdrywt mg Pig dry wt mgP
47 1,735 17.82 2.93 82.27
41 1,320 14.51 3.2t 46.55
43 1,452 15.81 312 48.66
42 1,385 15.06 3.18 47.63
30 707 B.44 an 31.33
40 1,257 13.98 3.25 4542
34 908 10.64 3.53 37.57
41 1,320 14.51 3.21 48.55
33 855 10.09 3.58 36.09
s 1,134 12.85 3.35 43.01
50 1,964 19.48 2.80 54.44
38 1,134 12.85 3.35 43.01
50 1,964 19.48 2.80 54.44
s 1,018 11.78 3.44 40.39
81 2,922 25.55 2.29 58.51
38 1,134 12.85 3.35 43.01
47 1,735 17.82 2.93 52.27
28 616 7.33 a.81 27.90
24 452 512 3.89 20.44
43 1,452 15.61 3.12 48.66
20 314 2.92 417 1217
62 3,019 26.10 2.24 58.58
23 415 4.57 4.03 18.45
30 707 8.44 a7 31.33
45 1,590 16.72 3.02 50.56
38 1,134 12.85 .35 43.01
22 as0 4.02 4.08 16.40
61 2,922 2555 2.29 58.51
30 707 8.44 3.M 31.33
3 755 8.99 3.67 32.96
38 1,134 12.85 3.35 43.01
33 855 10.09 3.58 36.09
48 1,810 18.37 2.89 £3.04
47 1,736 17.82 2.93 52.27
54 2,230 21.88 2.61 56.63
43 1,452 15.61 3.12 48.66
40 1,257 13.96 3.25 45.42
57 2,552 23.34 2.47 57.74
53 2,206 2113 2.66 56.16
a9 1,185 13.40 3.30 44 .24
35 962 11.20 3.48 39.01
39 1,195 13.40 3.30 44 24
27 573 6.78 3.85 28.11
26 50 6.23 3.90 24.27
45 1,690 168.72 3.02 50.56
24 452 5.12 3.95 20.44
45 1,590 16.72 3.02 50.56
35 962 11.20 3.48 39.01 Sum
33 855 10.09 3.58 35.09 Ave
26 531 6.23 3.90 24.27
34 808 10.64 3.53 37.57
16 201 0.71 4.36 3.08
ag 1,134 12.85 3.35 43.01
22 380 4.02 4.08 16.40

42 1,385
51 2,043
44 1,521
43 1,886
42 1,385
21 346
28 816
45 1,590
59 2,734
17 227
38 1,134
32 804
29 661
19 284
38 1,018
21 348
49 1,886
37 1,075
36 1,018
3s 962
32 B804
40 1,257
23 415
61 2,922
39 1,195
35 962
22 380
22 80
33 855
35 962
19 284
45 1,590
64 3,217
45 1,580
34 908
39 1,195
58 2,642
38 1,134
21 346
10 79
50 1,964
30 707
34 908
47 1,735
39 1,195
45 1,580
120,897
38 2,394
8 Seed Heads
Biomass = 121

15.06 3.16 4786
20.03 2.75 55.0
16.16 3.07 45.6
18.82 2.84 53.7
15.06 3.18 47.8
3.47 413 14.3
7.33 3.81 27.9
18.72 302 80.5
24 44 238 58.2
1.26 4.3% 5.4
12.85 3.35 43.0
g.54 3.82 345
7.88 3.76 298
2.36 4.22 9.9
11.75 344 40.3
3.47 4.13 14.3
18.92 2.84 53.7
12.30 3.39 41.7
11.75 3.44 40.3
11.20 348 3.0
9.54 3.62 45
13.96 3.25 454
4.57 4.03 18.4
25.55 2.29 58.5
13.40 3.30 44.2
11.20 3.48 39.0
4.02 4.08 16.4
4.02 4.08 16.4
10.08 3.58 36.0
11.20 3.48 39.0
2.36 4.22 8.9
16.72 3.02 50.5
27.20 2.15 58.5
16.72 3.02 50.5
10.64 3.53 375
13.40 3.30 44.2
23.89 2.43 58.0
12.85 3.35 43.0
3.47 413 143
-2.60 483 -124
19.48 2.80 54 .4
8.44 371 313
10.64 3.53 37.5
17.82 2.93 562.2
13.40 3.30 44.2
16.72 a.02 50.5
1.259.26 336.79 3,909
24,94 6.67 77.4
25 grams ea.
g dry wt/m2
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Appendix 3.3

Oid Woman Creek State Nature
Preserve and National Estuarine Sanctuary

N based on asrial photography of August
22, 1888 and depth measurements on
October 8, 1988 Shaded areas indicats
coverage by macrophytes, particularly

Najumbo iulsa.
0 800 1600 2400
l | | | 1 | i
feet
0 200 400 600
[ N I I S
meters
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Hydrology of a Freshwater Coastal Wetland
During Severe Drought Conditions

William J. Mitsch
Brian C. Reeder
Cynthia Carlson

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
patterns of productivity. Hydrologic budgets are 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 Creck wetland for a seven month
period over the 1988 growing season. This swudy has added
interest because there was a significant drought throughout
the Midwest through this period and the welland may have
provided a biological and hydrologic haven while the rest of
the watershed was suffering for dramatic lack of waler,

Old Woman Creek wetland is fed primarily by a 68.6
km? walershed. The wetland is formed as a backwater
behind a sand barricr beach that ts frequently breached either
due 10 high water in the wetland or storms surges along
Lake Erie. Thercfore its water level reflects the runoff from
uplands, the state of the barrier beach, and, if the beach is
open, the water level of Lake Erie.

Methods

Daily rainfall was recorded at Old Woman Creek using a
National Oceanographic and Atmospheric Administration
(NOAA) certified gauge, Daily inflows (at the Darrow
Road bridge) and wetland lcvels (near the center of the

marsh) were recorded by the United States Geologic Survey
(USGS). Evapotranspiration was estimated from evapora-
tion pan data mcasured at Old Woman Creck. On days
when the pan was not functioning properly, values from
pan evaporation data at Tiffin, Ohio were used. Ken Krieger
{pers. comm.) averaged the data to oblain monthly esti-
mates. Daily evapotranspiration (ET) was determined by
weighting the monthly averages by daily temperatures and
multiplying the value by 0.7 to correct for the effects of the
pan. The condition of the barrier beach was recorded daily
by Old Woman Creek staff, The volume of walter in the
marsh was determined by integrating the values obtained
from a bathymetric survey on Oclober 11, 1988. Outflow
(or inflow from Lake Eric) was dclermined using the
following equation:

So=S8; +P-ET- AV/At
where,
So = surface outflow (+) or Lake Erie Inflow (-)
S; =surface inflow
P = dircct precipitation
ET = evapotranspiration
AV/AL = 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 are included in Table
4.1, The precipitation pattern reflects a significant drought
that occurred from carly April through the middle of July
throughout the Midwest, Most of the surface inflow, which
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peaked at 300,000 m3/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 daum 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 bamer 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 moest
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

70

through the rest of the study period. These anomalies were
not frequent. In May, the water level in the wetland
increased 8 cm with no rainfall event and no increase in
inflow due 1o the stream. We estimated that 44 000 m3/day
entered the wetland from Lake Erie during that time. The
wetiand again had a slight increase at the end of August (9
cm) that suggested 24,000 m3/day from sources other than
those measured.

We provide an estimate of the daily water budget for the
study period of March through September 1988 in Figure
4.3. Surface inflow from the watershed averaged 15,200
m3/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 pereent
higher than precipitation during this summer of drought.
The water level actually increased slightly 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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Figure 4.1 Precipitation, evapotranspiration, and inflow components of hydrologic budget of Old Woman Creck
wetland for March 1 through September 30, 1988
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Figure 4.2 Waler level and exchanges between Qld Woman Creek wetland and Lake Erie for March 1 through
September 30, 1988
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Figure 4.2 continued
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Figure 4.3 Estimated water budget for March 1 through September 30, 1988 for Old Woman Creek wetland
Units are m>/day x 1,000.
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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 bulfer systems between
uplands and deepwater aqualtic 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
(Fennesy and Mitsch 1989).

Nonpoint pollution is one of the major problems to
downwalter areas in agricultural landscapes (Peverly 1982;
Baker et al. 1985; Kunishi and Glotlelty 1985; Kunishi
1988). Even if all phosphorus from point sources was ¢lim-
inated from Lake Erie, nonpoint phosphorus could still
cause major water quality problems in Lake Erie. About
90% of the phosphorus put onto farm ficlds is lost because
the orthophosphate fertilizer is quickly sorbed by soil parti-
cles and/or bound chemically with cations such as iron,
manganese and aluminem, Since phosphorus binds to soil,
the initial solulion was to control erosion, however, since
the clay fraction sorbs phosphorus preferentially, erosion
conirol techniques such as no-till and low-till farming tech-
nigues actually increase bioavatlable phosphorus in runoff
(Oloya and Logan 1980; Legan 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 wettands (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

The role of Lake Enie coastal wetlands in mitigating
eutrophication andfor population shifts in Lake Erie’s
aquatic communities duc to nonpoint pollution from the
agricultural watersheds is not known, Lake Erie’s coastling
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 agriculiural runoff.

The Laurentian Great Lakes coastal wetlands are different
from many previously studied wetlands. Their hydrolegy is
estuarine if they are undiked and open to the lake and yet
they are completely freshwater systems. They are often
highly productive. When open to Lhe lake, seiches can have
an effect on nutrients in Great Lakes wetlands. In addition
to affecting soil chemistry and productivity {(Gosselink and
Turner 1978, Lyon et al. 1986), Sager ¢t al. {(1985) 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 (1985) and Klarer
(1988) found lake plankton in Old Woman Creek wetland
during high lake levels and conversely after prolonged heavy
storm events, the wetland plankton were exported Lo the
lake.



Bioavailable Phosphorus and a Phosphorus Budget

Phosphorus cycling has been investigated previously at
Old Woman Creek wetland. Heath (1987) investigated
inflow and outflow concentrations of phosphorus in Old
Woman Creek wetland. He found a significant seasonal
reduction in the amount of tolal 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, be concluded that plankton were not
phosphorus limited. Klarer (1988) 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
(1987) and Klarcr (1988} lacked critical data on inflow rates
necessary to calculate a mass balance.

Methods

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 tlemperature, pH (portable meter--calibrated
with 4.01, 7.00, and 10.00 standards), and conduclivity
(portable Hach meter) at each site were also measured.
Within two hours of collection 100-m1i of each sample was
filtered through a 0.45 jum membrane filler (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 filrant retained for chlorophyll
a measurements. The samples were placed on ice in the
field, then kept from -5 1o 4°C until analyzed. Samples
were analyzed for all chemical species within 72 hours of
collection.

Total suspended solids (TSS) were measured according 10
Swuandard Methods (APHA 1985). One Hundred ml of
sample was vacuum filtered through a dry, pre-weighed
0.45 um glass fiber filter. 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).

Biocavailability of phosphorus was ascertained by meas-
urements of three phosphorus fractions following the
guidelines of Logan et al. (1979) for Great Lakes tributar-
ies. Soluble reactive phosphorus (SRP) was determined as

500 1

TP by 400 1
persulfate ]
digestion, 300
ng 200 1
100 1
0

y=1.054x-4.19,r 2=.937"

T T

0 100

200

v

300 400 500

TP by perchloric acid digestion, g/ 1

Figure 5.1 Comparison of phosphorus concentrations using the persulfate and perchloric acid digestion methods
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molybdate reactive phosphorus (after APHA 1985) which
passed through a (.45 pum membrane filter. Total phos-
phorus in unfiltered (TP) and filtered (TSP) water was
determined as othophosphate reicased after digestion with
ammonium persulfate. Particulate phosphorus (Part P)
was considered the difference between TP and TSP.

The persulfaie 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 1o orthophoshate. Figure 5.1 shows a compar-
ison of the two methods for ten water samples from Oid
Woman Creek and nine samples laken from other westem
Lake Erie wetlands (samples courlesy 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 m! 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, ncutralized to a faint pink
phenolphthalein 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
phospherus concentrations at the inflow, outflow, and Lake
Erie. When the barrier beach was closed we assumed that
no phosphorus was being exchanged with the fake. Cycling
of phosphorus by plankton was determined from metabo-
lism measurements (Chapter 3) and from an assumed ratio
of 1 g P: 40 g C. To estimale macrophyle 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
Chapler 6 and represent average values over several years,

Results and Discussion
Water Chemistry
Concentrations of chemical parameters at the inflow,
outflow, and marsh are given in Figures 52 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 dev). The abundance of lime-

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). Little 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 marsh towards
the end of the growing season, although during the same
period it stayed refatively the same at the bridge outlet.
Differences in turbidity and total suspended solids were 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; Lerbidity 128 + 85 FTU; and
total suspended solids 123 £ 100 mg/L..

Phosphorus concentrations tended to decrease as water
flowed through the wetland. Total phosphorus was more
variable in its retention in the marsh, and is often higher at
the cutflow, During the periods of high inflow concentra-
tions, outflow remained relatively low. Total soluble
phosphorus (TSP) usually dropped about 50-75 pg/Ll from
inflow to ouiflow, but this was not consistent. TSP differ-
ences were the greatest during Lhe periods of highest
productivity (Figure 5.5).

Liule correlalion 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 o be
associated with chlorophyll . 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 definite
relationship belween particulate phosphorus and the amount
of suspended sediments in the wetland. Due to significant
resuspension in shallow waters, the seasonality of fertilizer-
{aden sediments, and the scavenging of phosphorus by
smaller pariicles, no such relationship was found.

Nutrient Budget

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 retcrdion of nutrients determined from
representative loading rates for similar [ake Erie watcrsheds
(0.5 - 1.0 kg/ha-yr from Johinson et al. 1978, IJC 1980,
and Novotny 1986) and from phosphorus removal efficiency
plots by Richardson and Nichols (1985). An input of phos-
phorus o the wetland of 6.1 10 12.2 ngmz-yr (17 - 33 mg-
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Figure 5.2 Concentration of wurbidity, conductivity, and total suspended solids at the inflow, outflow, and within
Old Woman Creek wetland 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 (TP), soluble reactive phosphorus (SRP), and total soluble
phosphorus (TSP) by sampling site shown on Figure 2.1 over the 1988 growing scason
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Figure 5.5 Change in total soluble phosphorus (TSP) from outflow to inflow compared to planktonic gross
primary productivity (GPP) and chlorophyll @ through the study period

pH Cond. FTU Chla TP SRP TSP TSS PartP

pH 1

Cond. A7 1

FIu -02 137 |1

Chl a -18 129 |.59 1

TP 13 36 36 |4 1

SRP 13 37 |09 ]-12 |-06 |1

TSP 09 136 |25 |2 27T |1 1

TSS 08 |24 |94 |44 |28 |-18 | .23 |1
Part P d6 |29 |31 37 |97 [-09 | 04 | 24 1

Figure 5.6 Correlation matrix of chemical parameters measured in Old Woman Creek wetand in 1988
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Figure 5.7. Regression of wrbidity 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/m2-yr (8 - 13 mg-P/m?-day) are estimated.
Analysis of the daia 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 watersheds for
normal years, Quiflow of phosphorus, which is assumed to
occur only when the barrier beach is open, is estimated 10
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
ngmz-yr or 22 mg P/mz-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 model 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 intemal 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

90

bioavailable to nonbioavailable forms by primary produc-
ers. Plankton seemed 10 be the most significant
transformer, since soluble reactive phosphorus levels
decreased the most when planktonic populations were most
productive, Now we believe that there is a rapid recycling of
phosphorus as well 5o that an adequate amount is available
to support the productivity.

Although Old Woman Creek wetland is not dominated
by macrophytes, the floating-leaved vegetation (Nelumbo
{utea) also contributes to the transforming of phosphorus,
although their source is the phosphorus-rich sediments. We
estimated an uptake of 0.8 g P/mz-yr or 0.3 mg P/m2-day
by the macrophytes. The floating-leaved plants actually
may be pumping the nutrients from the sediments to the
waler 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 wetland is 2
permanent sink of phosphorus based on our year of analy-
sis, particularly since it was during a drought year. However
some of the inflow of phosphorus was lost before it reached
the outlet to the Jake. Since the wetland is closed 1o 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. Old 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 sedimenis, described in more detail over the
wetland's history in Chapier 6, is the key to any long-term
retention of nutrients.
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a)

Tlows in mg- P/'m2-day

b)

fows In mg-Pm2-day

Figure 5.9 Phosphorus mass balance using daily averages for Old Woman Creek wetland a) as estimated
from loading rates and Richardson and Nichols (1985) model, and b) for the period March 1 -
November 30, 1988 from data in this study; calculations for b) are in Appendix 5.2
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Appendix 5.1 Water chemisiry analysis of Old Woman Creek wetland, 1988
Site  pH conductivity turbidity chlorophyll a Total P SRP TSP TSS
FTU

nmhos/cm mg/m3 ne/L ug/L ug/L mg/L
1-Apr-88
1 8 300 25 0 20
2 79 380 35 0 40
3 78 450 45 5 40
4 N 460 65 4 B0
5 1.7 450 100 9 60
6 78 475 60 31 8O
7 79 460 100 10 60
8 8 400 80 2 60
9 7.8 560 110 7 100
10 19 S00 50 0 50
24-Apr-88
1 8.4 340 60 4 6 49 6 20
2 88 540 120 35 68 12.0 29 60
3 38 540 100 169 195 31 48 60
4 87 600 160 165 203 7.6 57 80
S 8.5 600 170 145 231 5.6 68 100
6 8.7 590 180 153 200 4.8 74 110
7 8.5 590 180 125 133 4.4 M 110
8 82 040 160 24 156 3.0 44 90
9 8.9 610 200 149 319 33 88 130
10 82 700 100 12 104 12.1 29 50
14-May-88
1 6.5 295 25 0 6 2.1 6 40
2 7 300 35 0 13 23 8 650
3 12 300 55 0 4 37 4 B0
4 7 300 60 8 9 83 8 BO
S 6.7 300 180 51 187 4.1 45 180
6 6.9 400 200 219 280 il 64 200
7 6.9 510 240 231 238 iz 59 300
8 6.7 540 150 239 138 2.8 31 140
9 6.8 560 125 263 155 Je 49 120
10 7.4 650 60 4 70 7.2 27 60
30-May-88
1 8 270 15 0 47 6.1 52 20
2 8 340 0 161 240 19 62 80
3 8.5 440 100 9 254 2.2 67 100
4 8.5 440 130 90 259 24 57 120
5 8.5 460 135 47 288 2.2 75 140
6 88 460 105 82 239 4.4 65 100
7 86 470 100 122 297 29 75 100
8 7.6 440 105 153 305 3.7 74 80
9 7.7 520 165 141 383 3.7 70 160
10 7.4 670 50 0 161 6.3 82 60
20-Jun-88
1 8 280 25 125 121 4.4 76 0
2 79 580 100 161 203 2.1 36 90
3 8.1 570 140 161 300 32 47 110
4 7.8 580 225 176 506 37 40 260
5 7.1 820 190 149 464 39 56 180
6 79 580 200 149 545 48 61 200
7 8 600 180 161 392 4.7 50 160
8 8 620 140 169 390 4.1 60 80
9 8 620 200 192 568 18 50 180
10 8.1 540 50 51 118 6.6 83 50
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Appendix 5.1 continued

Site pH conductivity (urbidity chlorophyll a Total P SRP TSP TSS
umhos/fcm FTU mg/m3 ug/L g/l ng/L mg/L
28-Jun-88
1 86 310 100 67 254 22 47 o0
2 7 420 110 216 213 24 67 9€0
3 84 600 140 169 262 49 85 120
4 7.8 600 600 255 440 33 73 710
5 8.2 600 300 188 224 3.9 59 320
6 84 600 200 196 198 22 61 210
7 8 610 480 212 176 3.1 101 530
g 7.9 500 210 212 451 2.7 125 200
9 7 620 290 270 126 4.1 103 270
10 3.1 200 60 39 399 7.7 179 20
13-Jul-88
1 7.7 200 60 35 283 5.5 58 110
2 16 480 150 102 399 38 75 110
3 8.1 600 240 145 166 52 71 220
4 79 600 140 263 528 6.0 44 120
5 7.9 590 375 219 247 56 60 370
6 7.9 450 275 294 765 5.1 63 180
7 3 580 275 259 461 6.2 53 220
8 78 540 190 290 143 6.3 64 110
9 7.9 600 180 329 304 7.2 52 120
10 8.7 740 70 67 47 9.9 43 60
26-Jul-88
1 8.6 290 40 0 265 26 14 0
2 7 SE0 95 133 376 34 71 50
3 84 620 140 165 185 52 27 90
4 7.8 580 135 169 378 4.6 13 70
5 8.2 560 160 192 342 Lk! 14 120
6 84 580 180 408 215 6.1 69 120
1 8 550 200 251 327 7.4 53 140
8 19 560 210 231 290 5.5 44 130
9 4 520 190 321 209 5.5 149 130
10 8.1 720 185 27 318 99 192 190
9-Aug-88
1 20 19 18.0
2 70 544 39.5
3 90 308 60.3
4 120 158 41.7
5 110 173 60.3
6 90 232 959
7 90 286 58.1
8 100 212 51.0
9 80 156 434
10 50
25-Aug-88
1 300 18 0 227 25 56 10
2 500 95 133 210 22 46 90
3 120 0 314 7 24 67 190
4 500 100 129 100 2.1 43 220
5 500 120 219 117 2.7 7 350
6 540 60 204 68 3.2 50 40
7 450 100 184 187 28 27 160
8 500 g5 231 600 24 67 110
9 520 90 133 44 22 24 140
10 700 60 145 142 34 106 90
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Appendix 5.1 continued

Site  pH conductivity turbidity chlorophyll a Total P SRP TSP TSS

pmhos/cm FTU mg/m3 ng/L ug/L, ng/L mg/L.
9-Sep-88
1 0 55 4.5 12 10
2 184 119 5.6 58 80
3 137 197 5.0 16 100
4 278 152 5.6 52 100
5 200 238 4.6 48 90
6 172 229 5.2 40 150
7 102 266 5.5 83 90
8 188 335 4.5 113 &0
9 227 402 87 97 70
10 106 916 4.6 181 20
24-Sep-88
1 260 20 0 376 4 70
2 450 100 180 352 8 80
3 480 100 55 1057 8 120
4 480 150 169 969 7 160
5 490 120 219 962 45 210
6 495 100 176 111 8 170
7 500 130 86 305 9 130
8 510 140 212 962 6 130
9 510 120 200 97 7 130
10 805 60 0 45 15 0
12-Oct-88
1 240 20 289 21
2 480 70 319 64
3 460 90 202 52
4 460 100 926 127
5 450 100 348 78
6 800 120 748 109
7 480 130 173 65
B 480 100 1324 132
9 540 80 609 69
10 700 60 182 149
6-Nov-§8
1 250 20 138 25
2 440 160 179 28
3 450 150 277 48
4 500 140 262 52
5 520 110 202 40
6 440 320 368 81
7 440 165 1403 67
8 680 130 211 35
9 580 115 191 51
10 850 180 127 ]7
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Appendix 5.2 Calculations for phosphorus budget in Figure 5.9b

1) Sedimentation
sedimentation rate = 0.73 cmfyr (Chapter 6)

bulk density = 0.63 g/em3 (Chapier 6)

average phosphorus content = 1.76 mg P/g (Chapter 6)

0.73 cm/yr x 0.63 g/em3 x 1.76 mg P/g x 104 cmZ/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 106 mg/kg /565,000 m2
= 0.3 mg P/m2 day

3) Plankton Cycling
gross primary productivity = 976 g 0/ m2 yr (Chapter 3)
976 g 0o/ m2 yrx 12 g C/32g 02 x 1 g P/ 40 g C x 103 mg/g
=25 mg P/m?2 day

respiration = 914 g Oy/ m2 yr
914 g0/ m2yrx12gC/32g0,x1gP/40gCx 103 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 the marsh (negative outflow), then the absolute value of the flow was multiplied by the Lake Erie phasphorus concen-
tration, rather than by the outflow concentration. This provided the Lake Erie inflow value. Daily values from March 1,
1988 - November 30, 1988 were averaged for the mass balance.
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Quaternary History of
Old Woman Creek Wetland

Brian C. Reeder

Introduction

There is a paucity of information on the climatic, vege-
tational 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 agriculture, much
of this whole area was known as the Great Black Swamp.
Few studies have been done to describe the hydrologic and
bicgeochemical history of these wetlands to determine their
historic ecosystem functioning and values.

Old Woman Creek State Nature Preserve and National
Estuarine Sanctuary remains as one of the last remnants of
presettiement  wetlands, The geologic history of the Old
Woman Creek area has been documented with the most site
specific study by Herdendorf (1963). The glacial history has
been described by Campbell (1955) and the depositional
history by Buchanan (1982} and Frizado et al. (1986). This
paper will explore the historic hydrology and biogeochemis-
try of Old Woman Creek wetland through the anatysis of
sediment cores to estimate if and how the wetland functions
as a buffer between Lake Ene and the surrounding watershed
and to assess what changes occur with rising and falling
lake levels.

Review of Great Lakes Paleoecology

Most previous historic studies contain either incomplete
stratigraphies or poor dates. A regional history of vegeta-
tional changes along climatic gradients for the arca is

provided in Braun (1961) and Spear and Miller (1976).
Buchanan {1982) provides an indescript polien diagram for
Old Woman Creek wetland with a valid C14 date.

Major studies of pollen 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), Preity
Lake (Williams 1974), and Frains Lake (Kerfoot 1974). A
complete pollen zone stratigraphy for the area was devised
by Shane (1987} who analyzed the data from previous sites,
as well as data from six of her own cores (Brown’s Lake,
Battaglia bog, Quillin, 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, pigment, or diatom zoncs has been mostly
ignored.

Few studies have ever been undertaken to determine the
past hydrology of a Great Lakes coastal wetland over a long
time scale. Little data are available to directly determine the
flucwations of recent Lake Erie water levels and their
effects on adjacent ccosystems, Currently, there are two
slightly different interpretations as to Lake Erie level fluctu-
ations over the past 14,000 years. Coakly and Lewis (1985)
and Herdendorf and Bailey (1989) agree about ancient lake
levels but disagree about the recent history. Analysis of
sediment chemistry can provide further evidence into how
lake levels fluctuated. If a more accurate picture can be
determined, we may be able to determine if the adjacent
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wetlands move back and forth with rising and retreating
water levels, as suggested by Herdendorf and Braidech
(1972) and Mitsch et al. (1989}, and what effect this has on
biogeochemical cycling of nutrients.

Sediment chemistry has been used successfully o gain
insight into past biogeochemistry of lakes (Engstrom and
Wright 1984, Davis et al. 1985, Engstrom ct al. 1985), and
could presumably be used in wetlands. For example, analy-
sis of phosphorus from sediment cores has been used
successfully to detenmine past productivity and trophic
status (Hutchinson and Wollack 1940, Livingstone 1957,
Livingstone and Boykin 1962, Williams et al. 1971,
1976a, b, 1980, Holdren and Armstrong 1580). In addition
to phosphorus, iron and manganese can be used 10 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
Livingsione piston sampler (Livingstone 1955). Twao
paraliel cores were sampled 30 meters directly North of the
Eastern “point™ of Star Istand (Figure 2.1}— near the loca-
tion where a long core was drawn, analyzed, and dated by
Buchanan (1982). Cores were x-rayed before opening to
ascertain particle size fractionations 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 of both cores seemed fo be identical (in regards to
particle size). The first core (brought up in 3 1-m casings)
has remained unopened. The longer core (brought up in 7
1m sections) was the subject of all subsequent analysis.
‘When not under analysis cores were stored in a refrigeration
chamber al a constant temperature of 4°C. Once opened,
the corcs were always kept wrapped in at lcast three standard
width sheets of cellophane-type cling wrap. Both cores are
currently housed at the Old Woman Creck Visitor's Center,
where they are being analyzed for diatoms,

Chemistry

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 producis of the chlorophyllous pigments
(SCDP). Analysis of SCDP followed the procedure of
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Sanger and Gorham (1972). SCDPs were extracted from 1-
cc samples with 100 mi of 90% acetone (the acetone was
added in 20 ml portions and shaken vigorously and exten-
sively with each addition, then allowed to settle overnight
before measuring absorbances) and measuring spectrophoto-
mic absorbances 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 units).

To estimale Organic matter a one cm 3 sample was placed
in a clean dry crucible, weighed, placed in a drying oven at
about 105°C for at Jeast 24 hours, reweighed (dry weight or
water loss), then placed in a 550°C muffle furnace for one
hour, and weighed again (organic matter loss) after the
methodology outlined in Dean (1974). 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 (0.8 g) were analyzed for
bioavailable phosphorus (NaOH-P) after Chang and Jackson
(1957) 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, ther centrifuged for 15 min. at
2400 rpm. In samples with high organic matter (>10%},
concentrated sulfuric acid was added dropwise to flocculate
the organic matter. After 50 ml of sample was acidified
with 5 N sulfuric acid to phenoclphthalein end-point, the
sample was analyzed for orthophosphaie (APHA 1985).

Perchloric acid digestions for total phosphorus (TP) in
sediments were carried out after Sommers and Nelson
(1972). 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 maiter was available for explosive reactions. The
sample was then digested with 3 ml of 70% perchloric acid
at 203°C for 75 min. The tube was cooled, diluted to 50
ml with distilled water, mixed, and allowed 10 settle over-
night. Next, 3 ml of the supematant was removed and
neutralized with SN sodium hydroxide to a p-nitrophenol
end-point in a 50 m1 volumetric flask, and brought to mark
with distilled water. Standards were also carried through the
digestion process so that an accurate standard curve could be
obtained. The extracts and standards were then analyzed for
orthophosphate (APHA 1983).

Digestion of samples for Fe and Mn was done with an
Aqua Regia/HF mixture in Teflon bombs similar to those
described by Burnas (1967). 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 m} of Aqua Regia, and then next with 3.0
ml 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 5m}
distilled water added and stirred; the volume taken up to 40
ml with distilled water; then finally, taken up to 100-mi in
a volumetric flask. Standards for were made by mixing 0.5
mi Agua 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 Spectrophotometer. 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.

Pollen

Pollen was extracted by a modification of Faegri and
Iverson's (1973} methods from 0.5-cc of sediment at 20 cm
intervals along the core (adjacent to sites of chemical analy-
sis}, and at 5 c¢m intervals along the zone of Ambrosia
intrusion. Samples were first washed with 9 ml of concen-
trated HCI in a 15 ml centrifuge tube to remove all
carbonates, and a known volume Ecalyptus pollen added,
Each sample was then washed with 7-8 ml 10% NaQOH, and
heated at 90°C for 15 minutes, then five-m! of 0.1 M
sodium pyrophosphate 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 m! concentrated glacial
acetic acid (to prepare the pollen 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 “gummy orange” consistency or a
30-minute time limit. The pollen was washed with glacial
acetic acid, then walter, and then three times with acetone.
The pollen was then extracted into 3 ml of bromoform/
acelone solution (specific gravity = 1.9), and the supema-
tant placed in a clean centrifuge tube filled with 9 ml of
acetone, and the bromoform procedure repeated to yicld 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 1 to 2 drops of glycerin/
saffarin solution and placed in a drying oven ovemight.

Pollen was mounted on glass slides with glycern 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 were counted (not
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including Eucalyptus grains) when possible. In those
samples 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. (1973) and Kapp (1969).

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 scttlement (forest clearance
for ship building and agriculture occurring about 180 YBP
(Sears 1938)). Older samples were taken from 1.96-2.01
m; 246-2.56 m; 2.83-3.03 m; 3.74-3.94 m; and the
bottom of the core (5.13-5.33 m) and submitted to Beta
Analytic Inc. for 14¢ dating using international conven-
tional techniques. Samples were pretreated with repeated
washing of warm acid, washed with distilled water to
neutrzality, sythesized to benzene and counted by Beta
Analytic. Low carbon samples were kept in exiended
counting to insure the smallest possible error. According
to Beta Analytic, all information was rechecked and no error
was found, and the low carbon content did not cause signifi-
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
three 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 evenis). A fourth zone (II)
was determined as an intermediate between zones I and 111
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 closcly cormrelated to productiv-
ity as evidenced from data on sedimentary chlorophyllous
degradation products. The 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 1o nothing
or ncar nothing when productivity {organic matter and
SCDP) is highest. Peak values of NaQOH-P correlate closely
with peak values for total phosphorus. Average + standard
deviation of total phosphorus (mg/g)} for zones IV through 1
are: 1.840.3; 2.0+0.3; 2.040.2; and 2.040.3, respectively.
Average + standard deviation of concentrations of NaOH-P
(mg/g) for zones IV through I are: 0.240.2; 0.0310.04;
0.06+0.04; and 0.240.2, 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
palecredox. Fe:Mn 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 ¢m is
indicative of a zone of migration due to oxidative conditions
in the soil. Average concentrations of iron (mg/g) for zones
IV through I are: 42+ 5; 3345; 3243; and 3615, respec-
tively. Average concentrations of manganese (mg/g) for
zones IV through I are: 0.35 £0.15; 0.27+0.024;
0.2510.006; and 0.3610.22, respectively.

Pollen Stratigraphy

Pollen concenirations shown in Figure 6.4 were deter-
mined from the Eucalyptus spike. Zone III and IV pollen
was deposited at about 70,000 grainsfec; zone I and I
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 duc to defosestation is at approximately 131
cm (first appearing at 203 cm). There is also a rise of
another disturbance indicator, Chenopodium, at the height
of the rise {20-50 cm). Trees and shrubs begin to arrive in
Zone I1. Quercus, Ulmus, and Carya are the first to arrive,
followed in Zone III by a sharp domination of Carya, and
the prevalence of Betula and Pinus. In Zone IV, Quercus
and Salix dominate, and Ulmus, Juglans, Carya, Fraxinus,
Pinus, and Tilia are all present.

The littde pollen found in zone 1 is dominated by hydro-
phytes, such as Nyphaeaceae, Typhaceag, and Cyperaceae,
along with some Lycopadiaceae and Grarninae. No trees are
found in this zone. This is a contrast o Zone IV herbs,
which are dominated by Ambrosia, Graminae, Typha,
Compositae, Arfemisia, and Nymphaeaceae. Graminae and
Cyperaceae 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 1.

Discussion
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
180 Years Before 1988 (YBP). This translates to a sedimen-
tation rate of 0.73 ¢m/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 111
may not be a complete stratigraphy. Evereit (1988) shows
that the Scirpus histsols such as the one found in this core
should deposit at about 1 cm/fyr, more than an order of
magnitode more than the rate found. This could be
explained if the lake level rises periodically scoured portions
of this peat from the marsh. Evidence of this is seen in the
beach zone (uniform pebbles) between zones I1I and 1V,
where the fake edge reached to this portion of the marsh,

Deforestation had a drastic effect on the marsh, As
marshes and forest upsiream were channelized, the velocity
of the Old Woman Creek increased due 1o increased fiow and
intensity. In addition, the soils once held by vegelation
were now being eroded and carried into the fasi 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 scdimenta-
tion rate to increase an order of magnitude. These changes,
coupled with rising marsh levels {due both (o 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
(1974).

An interesting phenomenon is that even under heavy
sediment loading, the marsh remains & wetland and docs not
fill in, This has been observed under the drastic lake level
fluctuasions of the past 15 years. Some hydraulic equili-
brium must be maintained as pollen shows it to remain
wetland, and the steep eroded cdges of 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 macrophytes and plankton
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Figure 6.1 Stratigraphy of sediment core from Old Woman Creek wetland, with carbon-14 dales and scdiment composition
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(NaOH-P) versus depth for sediment core
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Depth
Age

% LOI
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Figure 6.3 Corrclauon matirix for chemical characteristics of sediment core, Abbreviations
as in Figure 6.2; BD = bulk density

Depth  Age %LOI BD TP NaOHP Fe Mn
1
.983 1
-.358 -.359 1
549 .515 -.847 1
A16 436 o1 -0 1
.034 015 -.355 .383 .159 1
-.048 -.042 -077 042 .066 .05 1
218 184 -.18t 221 .288 -.055 | .382 1
-.855 -.642 272 -.59 -184 -.02 -001 | - 148
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Figure 6,4 Total pollen concentration in sediment core from Old Woman Creek
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were transforming almost all of the bioavailable phos-
phorus into organic matter. As peat formation stopped and
lpading increased, the ability of the marsh to work as a
biotic transformer diminished, but its abiotic ability o
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 of 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). All
dates were in time zones where C14 dating is accurate,
however, the bottom 3 dates were taken from huge quanti-
ties of sample (up to 350 g), and none yielded more than
0.5 g of carbon. Buchanan (1982} came up with a sedimen-
tation rate of (.076 cm/yr in a similar zon¢ with an
excellent date (taken from a piece of wood). When my dates
are examined, the scdimentation rate is much slower (0.02
cm/yt}, 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 noted throughout
this lime span. Third, a fairly decent zonation pattcrn in
vegetation described by Shane (1987) is completely absent.
However, if one assumes the sedimentation rate from the
samples with a high carbon content is correct (0.064 cm/yr,
or nearly the same as the rate of 0.076 cm/yr obtained by
Buchanan (1982)), then the stratigraphy makes sense within
the current knowledge of the glacial history of the arca.

There are, however, rcasons against throwing out these
dates which otherwise lock appropriate. It is possible that

there is some error in the known glacial history, but given
the great number of Carbon-14 dates and other evidence
(Herdendorf and Baily 1989, Coakley and Lewis 1985), thas
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 from 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 theoty); and 3) doe to extensive glaciations
in the area, the deposited sediments may have been 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-glacial lake bottom. The
sediments are very similar, and an oxidized shallow lake
(near shore area) could account for the poor deposition of
SCDP and polien. 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
aguatic macrophytes, which would also be indicalive 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 1 suggest that the post glacial lake levels
suggested by Coakley and Lewis (1985) and Herdendorf and
Baily (1989) are in error by linking this zonc with a slow
gradual rise, Figure 6.8 suggests an altermative pattern of
post glacial lake levels. A second Lheory suggests that this
evaluation is wrong because the barrier beach may maintain
some sort of equilibrium in the wetland.
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Figure 6.7 Regression of sediment age and depth for Old Woman Creck sediment core
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Figure 6.8 Lake levels as hypothesized by this study and others for past 10,000 years
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Appendix 6.1 Chemaical data from sediment core of Old Woman Creek

Depth Age LOT Bulk Denstiy Total P NaOH-P Fe Mn SCDP
cm YBP % gfem3 mg/g mg/g mg/g mg/g SCDP
528 9644 347 1.32 2.23 0.11 352 03 0.000
518 9479 4,19 1.38 2.29 0.17 30.4 03 0.000
508 9313 323 1.55 2.23 0.76 30.6 0.3 0.000
498 9147 2.88 1.46 2.20 0.15 4472 0.42 0.000
488 §982 3.09 142 234 0.07 442 0.5 0.000
478 8816 3.76 1.36 249 0.08 34 0.78 0.000
468 8651 328 1.43 220 0.07 33.6 0.92 0.000
458 B485 327 1.44 2.35 0.11 424 0.36 0.000
448 8319 342 1.49 2.35 0.11 448 0.28 0.000
438 8154 4.67 1,61 208 0.05 36.4 0.78 0.013
428 7988 3.03 1.59 1.66 0.9 31.6 0.24 0.000
418 7822 3.21 1.46 1.30 0.07 344 0.28 6.000
408 7657 427 122 225 0.14 29 0.3 0.000
398 7491 2.85 1.54 1.19 0.08 36.6 0.22 0.000
388 7325 3.84 1.41 2.19 0.08 40.4 0.3 0.000
378 7159 4.91 1.30 2.35 0.16 39 0.24 0.000
368 6994 3.67 1.44 2.06 0.14 45.4 0.9 0.000
358 6828 326 1.56 1.88 0.14 442 0.26 0.000
348 6662 116 1.62 2.38 0.64 36.8 0.22 0.000
338 6497 21 1.58 1.82 0.11 382 0.26 0.000
328 6331 234 1.54 1.83 0.11 33 0.2 0.000
316 6132 275 1.49 1.97 0.63 37 0.24 0.000
306 5966 2.11 1.38 1.79 0.10 32.6 0.28 0.000
296 5801 379 . 1.24 1.80 0.26 26 0.22 0.000
286 5635 253 1.38 1.80 0.11 336 0.26 0.000
276 5469 343 1.25 1.82 0.18 29.6 0.28 0.000
266 5303 5.60 1.00 2.00 0.10 31.2 0.18 0.036
256 5138 9.90 0.81 2.05 0.02 278 0.18 0.038
246 4942 12.15 0.64 1.96 0.10 332 0.32 0.077
238 4785 13.61 0.57 .70 0.02 338 0.24 0.295
228 4589 2492 0.32 1.86 0.08 344 0.24 0.350
218 4394 58.38 0.19 1.94 0.02 348 0.26 0.139
208 4198 40.86 0.28 217 0.02 le.o 0.24 0.123
198 4022 50.00 0.20 2.38 0.02 38.6 0.26 0.127
188 3561 56.11 0.18 2.43 0.02 32 0.24 0.119
178 2963 68.13 0.16 1.94 0.02 334 0.28 0.119
168 2364 84.21 0.15 1.70 0.02 224 0.26 0.031
158 1766 71.97 0.13 1.88 0.02 328 0.26 0.084
132 180 81.82 0.13 1.89 0.02 322 0.32 0.074
122 166 18.45 0.3 1.63 0.15 374 0.28 0.228
112 153 11.82 1.46 1.24 0.10 26.6 0.22 0.012
102 139 3.75 1.49 .77 0.57 19.6 0.26 0.268
92 126 7.91 0.72 1.82 0.15 19.2 0.26 0.193
83 111 3.77 1.27 1.74 0.18 246 0.32 0.188
73 97 4.57 127 1.53 0.10 15.2 0.26 0.086
63 84 6.62 1.09 1.82 0.18 187.8 0.72 0.125
53 70 5.22 1.21 1.68 0.09 10.8 0.28 0.095
43 56 6.69 0.90 2.29 043 25.8 0.44 0.183
33 42 1.09 0.89 1.68 0.03 292 0.32 0.127
23 29 6.48 0.90 1.97 035 56.4 042 0.103
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Hydroperiod and Water Chemistry of
Diked and Undiked Wetlands in

Western Lake Erie

Doreen M. Robb
William J. Mitsch

Introduction

The eleven marshes sampled during this study consist of
six diked marshes with antificiaily manipulated water levels
and five undiked marshes 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 chemisiry 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 bascline 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 stations were established by placing staff gauges
{metered stakes) within major vegetational communities in
each marsh. Water levcls 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 vegelational diversity.

Water samples 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. Samples were
collected twice a month during May (Weck 1 and 2), June
(Week 3 and 4), and Avgust (Week 6, 7 and 8) and monthly
during July (Week 5), September (Week 9), and October
(Week 10 and 11), One-liter acid washed polyethylene
bottles were used for sample collection. Samples were kept
at 4°C until analyzed. Twenty percent subsamples were
collected and analyzed to determine the natural heterogeneity
of the water mass and (wenty percent replicates were
analyzed 1o determine the precision of the methods. Table
7.1 lists the methods used for chemical analyses.
Temperature, pH, and dissoived oxygen were determined in
the field. Due to diurnal fluctuations in these 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 resulis.

Results and Discussion
Water Level Fluctuations

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 Cld Woman Creek were not able
to be sampled (Figure 7.1). Pickerel Creck marsh water
Ievel increascd approximately 18 cm during the first week
duc to a Lake Ernie seiche and was back at previous levels
the following week. The watcr level declined throughout the
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Table 7.1 Methods used for the chemical analysis of water samples

Analysis Method Citation

Alkalinity pH 4.5 endpoint APHA (1985)
Conductivity electrometrically -

Turbidity electrometrically ———

Nitrate Cadmium Reduction APHA (1985)

Nitrite — APHA (1985)
Ammonia —_— Zadorojny et al. (1973)
Orthophosphate Ascorbic Acid APHA (1985)

Total Phosphorus

Persulfate Digestion APHA (19859)

remainder of the study. Willow Point marsh water level
also increased 18 cm during the {irst week due 1o the Lake
Erie seiche and then declined until the fourth week, when
water levels could no longer be registered. This showed a
net decline of 9 cm in the first four weeks, Plum Brook
marsh water levels decreased by 8 c¢cm during the first
sampling time due to a seiche and then retarned (o previeus
levels. By the fourth sampling period, further sampling
was impossible due to Jow water levels. Sheldons Marsh
had a slower overall decline of 23 cm, probably due to the
direct connection to Lake Erie. Old Woman Creck 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. The water level rose during the first three weeks of
May by a total of 104 cm; howcver, as the drought contin-
ued, the water level decreased (see Chapier 4),

The water manipulation strategy for most diked marshes
is to maintain lower water Icvels in the spring to promote
vegetative growth, maintain water levels at a minimum
throughout the summer and then raise the water in the
awtumn to attract waterfowl. This strategy is reflected in the
waler 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 mid-June and
continued throughout the remainder of the study.
Approximately 5 cm were added every two to three weeks,
Ouawa 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 wecks 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

Patterns for chemical parameters in selected diked
{Otawa and Winous Point) and undiked {Old Woman Creek
and Sheldons Marsh} wetlands are presenied in Figures 7.3
through 7.5. Tables 7.2 through 7.8 summarize lcast square
means of water chemistry in the diked and undiked marshes.
Temperature, dissolved oxygen, and pH are not discussed
because of their diumal flictuations and the different times
of day at which they were collected. All water level and
water chemistry data for cach marsh and station are listed in
Appendix 7.1.

Alkalinity — Alkalinity is refated to the buffering capac-
ity of the water and is influenced by the carbonate and
bicarbonate content of the waler. Because of plentiful lime-
stone in the region, alkalinity should be adequale in the
streamns and wetlands of the region. Alkalinity averaged 161
mg CaCO3/1 for the diked wetlands and 131 mg/1 for the
undiked sites {Table 7.2). No consistent trends were
observed for alkalinity in cither 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 de not match (Figure 7.3).

Conductivity — Conductivity is a measure of the total
dissolved ions in water. The diked and undiked marshes had
conductivities averaging 1,053 and 766 pmbhos, respectively
{Table 7.3). Conductivity decreased in the wetlands that
received active pumping (Winous Point and Ottawa) while
it was relatively consiant in the undiked wetlands through
the season (Figure 7.3). The diked marshes incrcased 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 the Ouawa
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Table 7.2 Alkalinity least square means for diked and undiked marshes

Daie Diked Undiked Overall
1 197 123 160
2 190 123 156
3 177 112 144
4 181 142 161
5 139 168 150
6 147 165 156
7 161 152 155
8 149 130 138
9 156 124 137
10 128 156 128
11 155 141 144
Overall 161 131
350 150 - —
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Figure 7.3 Alkalinity, conductivity, and turbidity in standing water of two diked wetlands (Ouawa Big
Pond and Winous Point North) and undiked 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

Dae Diked Undiked QOverall
1 1062 638 845
2 1129 T24 923
3 1220 609 912
4 1409 744 1076
5 1046 942 972
6 978 462 720
7 1008 960 992
8 995 848 915
9 880 406 717
10 — 586 586
11 1056 528 835

Overall 1053 766
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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 Nonth) 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

Date Diked Undiked Overall
1 42 Y 58
2 3 73 53
3 38 59 50
4 44 109 78
5 23 46 41
6 3 45 38
7 20 50 40
8 23 49 42
9 2 45 42
10 - S0 50
1n 23 37 38

Overall 26 57

Table 7.5 Ontho-phosphate feast square means for diked and undiked marshes

Date Diked Undiked Overall
1 70 36 51
2 95 17 4
3 52 27 38
4 73 23 47
5 60 57 57
6 30 33 33
7 132 128 124
8 80 71 75
9 69 66 64
10 - 12 12
11 75 7 49

Overall 73 35

Table 7.6 Total phosphorus least square means for diked and undiked

marshes

Date Diked Undiked Overall
i 146 159 154
2 165 176 170
3 205 202 204
4 265 269 268
5 125 190 170
6 184 238 211
7 164 330 252
8 122 238 190
9 128 292 225
10 - 152 152
11 96 111 141
Overall 149 237
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Shooting Club and Bay View B wellands than in Winous
Point and Bay View Center wetlands,

Turbidity — Turbidity averaged 26 NTU in diked
wetlands and 57 NTU in undiked wetlands (Table 7.4), The
dikes prevent inflows of scdiment-laden streams and some-
times serve as wind breaks, often keeping the system in a
state of lower turbulence. A management strategy in some
diked wellands to eliminate and/or prevent carp from enter-
ing the wetland gives another reason why turbidity may be
generally less in diked wetlands. Turbidity in diked wetlands
generally declined during the siudy period as vegeiation
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},

Phosphorus — QOrtho-phosphate averaged 73 pg-P/l for
diked marshes and 55 pg-P/l for undiked wetlands (Table
7.5), while total phosphorus averaged 149 ug-PA for diked
wetlands and 237 pg-P/1 for undiked wetlands (Table 7.6).
While the diked wetlands had lower concentrations of total
phosphorus, a greater percent of phosphorus was bicavaila-
ble (49%) compared to that in undiked wetlands (23%). Part
of this may be due to greater water-column productivily in
the undiked wetlands. Ortho-phosphales remained generally
Iow in the plankton-dominated Old Woman Creek wetland
{approximately 30 pg-P/I) compared to either undiked
Sheldons Marsh (concentrations start low at < 25 pg-PA
but increase as water levels decrease) or the diked Winous
Point North (approximately 100 pg-PA) (Figure 7.4). Total
phosphorus increased from about 100 to 400 pg-PA as
water levels decreased in undiked Sheldons Marsh while it
appeared to peak in June in Onawa Big Pond before decreas-
ing 10 100 pz-PA.

Nitrogen — Nitrate-nitrogen (nitratc + nitritc) appeared
to be similar and relatively low in both the diked and
undiked wetlands. The nitrate averaged 0.36 mg N/l in
undiked marshes and 0.33 mg-N/1 in diked marshes (Table
7.7y 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
scason (Figure 7.5). Old Woman Creck wetland generally

had very low concentrations of nitrate (<0.2 mg-N/1), while
Sheldons Marsh nitrate decreased dramatically as water level
decreased and the water was closer Io the anaerobic sedi-
ments (Figure 7.5). Changing waler levels may encourage
denitrification by first causing nitrification during high
water then denitrification during low water levels. Nitrite-
nitrogen concentrations were low in general and averaged 3
and 6 g/ for the diked and undiked marshes, respectively.
Ammonia-nitrogen trends for both types of marshes were
paralle] with generally low concentrations (Figure 7.5).
Averages were 0.05 mg-N/1 and 0.04 mg-N/1 for the diked
and undiked marshes, respectively (Table 7.8).

Limiting Nutrients — The low concentrations of availa-
ble nirogen (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 be the limiting nutrient in these wetlands.
The relatively low N/P ratios of available nutrients (5.2:1
and 7.2:1 for diked and undiked wetlands respectively) are
close to the ratio required of aquatic algac and macrophyies
of 7:1 (Wetzel 1983) and therefore neither support nor
disprove the hypothesis of nitrogen limitation.

Conclusions

There are definite differences in hydroperiods between
diked and undiked wetlands that led to different biogeochem-
istry in each system. The water levels dropped precipitously
during the summer 1988 drought in the natural wetlands but
were maintained with artificial pumping in the diked
wetlands. Cur study showed generally higher conductivity,
alkalinity, and ortho-phosphate in diked wetlands and higher
turbidity and total phosphorus in the natural {undiked)
wetlands. Inorganic nitrogen species (nitrate and ammonia)
were gimilar 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
stdy are not independent of one another, Further correlation
analysis between variables and analysis of variance may
show additional pattems and relationships.
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Table 7.7 Nirate least square means for diked and undiked marshes

Date Diked Undiked Overall
1 029 0.79 0.54
2 0.82 0.72 6.77
3 051 0.48 0.49
4 034 0.13 0.23
5 0.18 0.14 0.15
6 0.17 0.12 0.15
7 0.21 0.22 0.21
8 0.20 0.26 0.23
9 0.13 0.09 0.13
10 —_ 0.08 0.08
i1 020 0.07 0.17
Overall 0.33 0.36

Table 7.8 Ammonia least square means for diked and undiked marshes

Date Diked Undiked Overall
l 0.08 0.13 0.11
2 0.14 . 0.15 0.15
3 0.04 0.09 0.07
4 0.03 0.03 0.03
5 o.M 0.00 0.01
6 0.01 0.00 0.00
7 0.02 0.02 (.02
8 o.M 0.05 0.03
9 0.03 0.02 0.02
10 e 0.00 0.00
11 0.04 0.02 0.03
Overtl 0.05 0.04
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Physical and Chemical Characteristics of Lake
Erie Coastal Wetland Sediments

William J. Mitsch
Greg McNelly
Doreen M. Robb

Introduction

The sediments of Lake Eric coaslal wetlands may be
different in chemical and physical characteristics, depending
on whether they are influenced by geologic exchange with
Lake Erie or upstream watersheds, or by vegetation produc-
tivily in the wetlands themselves. More importantly, a long
history of isolating wetlands from exchange by flooding
rivers by diking may ulimately lead to depaupered sedi-
ments and changes in wetland productivity. Our study
looked at several physical and chemical characteristics of
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.

Methods

In each of the nine wetlands, sampling stations were
chosen on the basis of three criteria: 1) 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
stations for companion studies. The coring was done with a
clear plastic tube with an inside diameter of 3.3 cm, The
tube was driven into the sediment with a medium-sized
mallet, stoppered, quickly pulied from the sediments and
capped. The cores were then transported, in vertical posi-
tion, to the 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 the core into segments of equat length, Each core
was divided, by hacksaw, inlo 5 cm segments, starting from
the bottom. The top of the core, which wag a mixture of ice

and large pieces of organic matter, was discarded. Each core,
then, had a volume of:

Volume = 1 t2h = 1t (3.3/2 cm)? Sem = 42.76 cm3

The segments were allowed to melt in a crucible untl
they could be pushed out of the plastic tube cleanly. The
inside of the tube was not rinsed o avoid contamination by
plastic shavinps from the cutting. Any large amounts of
sample that remained were scraped out with a spatla. The
crucibles had been acid washed (10% HCI) and fired at
BOOOC for 10 minutes before each core was processed.
Samples were dried in a drying oven at 1059C for 4 10 7
hours until constant weight. Afler weighing, the samples
were fired in a muffle furnace at 5509C for 2-3 hours
depending on the original organic content. Subsamples were
checked to assure encugh time 1o constant weight. The
ashed sediment samples were placed in acid-washed vials,
stoppercd, labeled, and seat to the Research Extension
Analytical Laboratory of QARDC in Wooslter, Ohio for
analysis of pH, cation exchange capacity, P.K,Ca, Mg, and
Fe. Standard methods were used and are on record at the
laboratory. Concentrations from that laboratory are
presented in 1bsfacre and are converted to ppm by dividing
by 2. Concentrations in mg/cm3 are calculated using the
bulk density of each core segment,

Resulis and Discussion

Results of the analyses are given in Tables 8.1 and 8.2
for the following diked and undiked wetlands in the study
area;
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Diked Marshes

Ottawa Shooting Club—Big Pond 2 {(OSL)
Ottawa Shooting Club—Allen Pond 3 (OSS)
Winous Point Shooting Ciub—North 6 (WPN)
Bay View Marshes—Center 3 (BVC)

Bay View Marshes—B-1 (BYB)

Undiked Marshes

Old Woman Creek National Sanctuary—d4 (OWC)
Sheldons Marsh—1 (SHM)

Pickerel Creek—3 (PCK)

Willow Point—2 (WLT)

Figures 8.1 and 8.2 summarize average concentrations of
phosphorus, petassium, calcium, magnesinm, iron, and
percenl organic matter. With the exception of Sheldons
Marsh, which had the highest organic content (to a depth of
33 ¢m), the undiked wetlands appeared 10 have a lower
organic content (10 percent) than the diked wetlands (15
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 wetland that
has a significant input of high phosphorus sediments
(Klarer 1988, see Chapter 5). Both samples from the diked
Bay View marshes on Sandusky Bay showed extremely low
concentrations of available phosphorus. These wetlands

also showed the lowest concentrations of potassiuvm,
magnesium, and iron but were among the highest in
concentrations of calcinm. 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
wetlands, 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 pg/cm3 at
about 21 10 26 cm depth at Old Woman Creck Wetland,
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 Scirpus riverine wetland in
Wisconsin, for a rich fen in Michigan, and for a Typha
marsh in Czechslovakia in Table 8.3. Phosphorus and
magnesium concentrations in the Lake Erie wetlands are
low compared to these other wetlands, while calcium
concentrations are similar, and potassium concentralions are
generally 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 8.3 Profiles of availabie phosphorus in a) diked and b) undiked marshes of Lake Erie
Table 8.3 Concentrations of selected nutrients in Lake Erie coastal wetlands compared with other studies
Location P, ppm Ca, ppm Mg, ppm K, ppm Reference
Lake Erie Wetlands (n=9)* 26+19 5528£2501 268185 6621351 this study
Wisconsin Riverine Wetland ~ 50-204 5700-12700 1219-2770 98-230 Klopatek {1978)
Czech Typha Marsh 130 5140 570 550 Dykyjova and
Kvet (1982)
Michigan Rich Fen —_— 10480 935 176 Richardson (1978)
* average t standard deviation
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Remote Sensing of Ohio’s Wetlands of

Western Lake Erie
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Introduction

Much can be leamed 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
delail desired, and the funds available for the projecl. Low-
altitude aircraft is relatively inexpensive and fairly effective
for surveying smail arcas. High-aliitude aircraft may be
less expensive per unit area than low-altitude aircraft if large
areas are to be covered, as relatively large arcas 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 obviouns 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 LANDSAT is available at reasona-
ble cost, but docs not offer enough detail for most studies
uniess a large amount of collateral dawa such as aerial
photography and field work are included (Mitsch and
Gosselink 1986),

In addidon to a choice of remote sensing platforms, the
wetland scientist also has a choice of color infrared pholog-
raphy, conventional color photography, or black-and-white
photography. Color infrared (CIR) film is more useful than
conventionat color film for diffcrentiating between land and
water, because of the lack of color contrast between them.
Because water absorbs infrared radiation 1o 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 imporiant in the identification of wetlands, because

land-water boundaries are easily seen on CIR photography.
In many cases a wetland area will be associated with open
water with paiches of wetland vegetation located around it,
or with vegeaation surrounded by areas of open water. In
some cases, however, ground truth may be necessary for
positive identification of wettand areas (Richason 1978).

Earth Satellite Corporation (1972) conducted a study using
both black-and-while 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 for some plant species. They
suggested that wetland inventories should be conducted with
both types of color film in the future. Shima et al. (1976)
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 of
a marsh is combined 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 (Hibiscus palustris), wild rice (Zizania
aquatica), and sweet flag (Acorus calamus) were recogniza-
ble from color IR photography. The relative abundance of
Polygonum spp. caused spectral signatures to vary for other
units and made vegetation identification more difficull.

Hardisky et al. (1986), summarizing many ycars of aircraft
and satellite sensing of coastal salt marshes, conclude that
aircraft film cameras offer **high spatial reselution and low
cost for mapping precise locations of small wetland areas.”

These studies used remote sensing “to identify wetland
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areas 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 arcas under increasingly destructive pressure.
National Wetlands Inventory (NWT) is also using high-
altitude photography “to generate...scientific information on
the characteristics and extent of wetlands...The purpose of
this information is to foster the wise use of wetlands and 1o
provide data for making quick and accurate decisions about
wetlands by knowing how many and what type are where”
(Wilen 1986). As of September 30, 1986, NWI was
expected 10 have produced “10,000 highly-detailed maps
covering 45 percent of the lower 48 states and 12 percent of
Alaska. This would include roughly 835 percent of the
coastal zone of the lower 48 states, including the Great
Lakes Region” {(Wilen 1986).

Mapping Great Lakes Wetlands

Various mappings of Great Lakes wetlands have been
executed, some by the use of remote sensing and others
before remote sensing was generally available. Lowden
(1969) studied the vascular flora of the marshes, woodlots,
dikes, and drainage ditches of Winous Point, a tract of land
located about 6 km (3 1/2 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 for a distance of three fect on each side of the
road with drainage ditches parallel to most 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 compares
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 m 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 long-term effects of water
levels” on coastal wetlands (Lyon et al. 1986).

Balogh and Bookhout (1989) used true-color 35-mm
photographs (slides) taken at 1,500 m in 1984 to map the
distribution of purple loosestrife (Lythrum salicaria) in
Ohio's southwest Lake Erie marshes, Visual ground truth

by low-aliitude flights was done during the flowering
season of August of 1985 to improve the accuracy of the
maps. “Seventy percent of the loosestrife strands were
(found) within areas designated as wetlands on USGS Lopo-
graphic maps™ (Balogh and Bookhout 1989). ’

Methods

Vertical aerial photographs (slides) were taken for this
study of Lake Eric 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 scveral flight lines to include the wetlands
involved in our regionaj study (Figure 9.1). The approxi-
mate scale of these photos was 1:39000; it ranged from
1:37680 to 1:39276 (Table 9.1). The altitude of the flight
was approximately 1,300 m above sea level or approxi-
mately 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
cormresponds 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 cach pair of points was enlarged 10 a scale of 1:3.
The tracing paper was taped to a smooth vertical surface
over white paper and the slide was projected onto it. The
three points (enlarged scale) on the tracing paper wete
aligned with the corresponding three points on the projected
image. Differences in color, tone, and shape of patches of
vegelation, water, ard 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 possible 1o minimize distortion. Ground truth and
calibration of photographs were determined before mapping
was completed with the visit to Winous Point Shooting
Club, a major wetland site in western Sandusky Bay. Roy
Kroll provided insightful interpretation of the photos from
much of the Winous Point area. Additional ground truth
data were collected during the waler chemistry study
described in Chapter 7.

Results and Discussion

The acrial photography consists of approximately 270
color and 270 color infrared slides of the Lake Erie shorcling
in the vicinity of Sandusky Bay (Figure 9.1).
Representative photographs developed from the slides are
shown in Figure 9.2. Wetland maps developed from the
aerial photography are shown in Appendix 9.1. The area
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FLIGHT LINES

Figure 9.1 Flight lines of aerial photography of Lake Eri¢ coastal wetlands as taken on August 22, 1988

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

Wetland Time of photography Scale (approximaic)
Old Woman Creck 9:40 A M, 1:37,680
Sheldons Marsh 10:00 1:37,760
Plum Brook Creek 10:10 1:38,609
Bay View Marshes 10:15 1:38,400
Wilow Point 10:30 1:39,166
Western Sandusky Bay Wetlands
FL8 10:35 1:39,027
FL7 1046 1:38,933
FLé 11:00 1:39,002
FL35 11:10 1:38,574
FL4 11:20 1:38,503
FL3 11:30 1:38,125
FL2 11:44 1:38,933
FL1 11:55 1:38,101

courtesy of Bruce Motsch, ODNR
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shown in Figure 9.2 comesponds 1o the area drawn in the
first map and part of the sccond map in Appendix 9.1, We
chose to use broad categories for the wetlands, including
open water (W), emergent wetland (E) and floating leaved
wetland (F).

As noted by Justice and Townshend (1981), 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 small
units, it may be difficult 1o locaic sample areas which are
not noticeably heterogeneous. Decisions must be made to
determine the point at which a site is considered 1o be of
one type of vegetation. Finally, the human eye’s perception
of tone is often inflyenced by surrounding tones, making
comparison of vegetation types in different areas of the
marsh extremely 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 wees, Cattails (Typha spp.) appear dark green
on ihe conventional color slides and bright red on the
infrared slides, and lotus (Nelumbo 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. comm.)}
suggested that this may indicate the flowering of Sagiaria
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 unia-
beled wetland arcas in the maps, These are mostly emergent
wetland vegetation or floating leaved vegetation. For a
pross estimate of wetlands, all of the uniabeled areas can be
considered one of these two types of wetlands.

A Preliminary Analysis of Temporal Changes

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 remolte sensing. As an exam-
pte of these capabilities, an assessment of Sandusky River
mouth wetlands of Sandusky Bay is illustrated in Figure
9.3, The area in 1969 supponed approximately 1,738 ha
(4,295 acres) of wetlands, By 1983 the wetland areas had
been reduced to 1,390 ha (3,434 acres), representing a
reduction of 20 percent. During this period wetlands have
also experienced extensive vegetalion changes.
Approximately 160 ha (397 acres) of emergent wetlands
changed into foresied wetlands. More detailed 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 efforis
have demonstrated remote sensor data as input to wetland
studies and wetiand 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 remotc
sensing provides a time and cost effective method of
mapping wetlands. By using multi-temporal analysis, Greal
Lake wetland asscssment can be maintained 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 Chio’s
wetlands along Lake Erie over a long time period . The
expecied benefits include production of wetiand maps of
Lake Erie, computcrized map information, and the develop-
ment of a spatial model to identify the wetland change over
time, Geographic information systems, as computerized
spatial data handling systems 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 9.2 Example of aerial photography of Sandusky Bay wetlands, Flight Line 7
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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 over this period
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Appendix 9.1
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Lake Erie Wetlands
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from Color and IR Aerial Photography by
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Lake Grie Watlands
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Lake Erie Wetlands

Wightmans Grove Quad - Ohio
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Flight 5 - Slides 9-12

from Coler and IR Aerial Photography by
Ohio Department of Natural Resources
August 22, 1988
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Ecosystem Modelling of
a Lake Erie Coastal Wetland

Wiliam J. Mitsch
Brian C. Reeder

Introduction

Wetlands are ccosystems and, as such, have intercon-
nected parts that depend on or drive other parts of the
system. A modelling approach is appropriate o integrate
many data bases and describe the interconnections. For Qld
‘Woman Creek wetland, we have described in some detail the
hydrology, phosphorus conditions, and productivity of this
coastal wetland. Simulation modelling provides an opportu-
nity o tie these pieces together, to examine if they are in
the appropriate scale, and to make predictions for conditions
other than those for which the model is calibrated,

Wetland modelling is relatively new, compared o
modelling of other types of ecosystems. Some aspects of
wetland modelling can be borrowed from the more devel-
oped lake and estuary modelling techniques (see Kremer and
Nixon 1978, Reckhow and Chapra 1983, Straskraba and
Grauck 1985, Henderson-Sellers 1984, Jgrgensen 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 presenied by
Mitsch et al. (1982, 1988), Mitsch (1983), and Costanza
and Sklar (1985). Recent models of wetlands include one of
a freshwater wetland receiving wastewater (Kadlec and
Hammer 1988).

Our intent in this chapter is Lo introduce a weland model
of hydrology, productivity, and phosphorus calibrated from
data collected at Old Woman Creek wetland. The model
emphasizes the role of ecosystem metabolism in the
cycling and retention of nutrients and is used, through the

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

Methods

The model is developed with the software STELLA™, a
high-level, symbol-based programming language. The
model is assumed to be a spatially-lamped, non-lincar set of
ordinary differential equations described in submodels 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 Creck wetland. A time step of 0.1 days is
used although experimentation with time steps up to 0.5
days show no appreciable diffarences in the simulations.
The integration method is 4th order Runge Xutta.
Calibration is done in a step-wise method by first calibrat-
ing the hydrologic submodel, then the productivity
submodel, and finally the phosphorus submodel.
Calibration is accomplished with each submodel by
comparing field data with model results and adjusting
selected parameters until 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.

Results and Discussion
The Model

A conceptual diagram of the simulalion model of Old
Woman Creek welland is shown in Figure 10.1. There arc
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Figure 10.1 Generalized 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
d(2/dt = Pd(1} + Qi(t) - ET(t) - k1Q (whenb =1 and L>Lg) + (Lg -L)A (whenb =1 and Lg>L)
where,
Q = water volume in wetland, m3  Pd(t) = direct precipitation, m3/day
Qi(t) = surface inflow, m3/day
ET(t) = evapotranspiration, m3/day
k1 = outflow coefficient, day-1
b = 1 (when cutflow is open); = 0 {when outflow is closed)
L = wetland water level, m = {{Q)
LE = Lake Erie waler level, m
A = wetland area, m2

Plankton Biomass, Pl
dPp/dt =k21 - k3P - spP| - k1Pj
where,
P} = plankton hiomass, kcal/m2
k2 = GPP cocfficient
1 = solar radiation, kcal/m2-day
k3 = respiration coefficient, day-1
sp = plankton sedimentation coefficient, day-1

Macrophytes, M
dM /a1 =k4 1% -kSM-k6{) 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} = macrophyte sedimentation coefficient, day-1 = f{lime of year)

Total Phosphorus, P
dP /dt = C(Qi) Qj(t) - k1P - (s1/d} P - a (k21 - k3P]) A + (s2/d) A
where,
P = total phosphorus, g
C(Qi) = phosphorus concentration of inflow, g/m3 = f (inflow)
51 = sedimentation velocity, m/day
s2 = resuspension velocity, m/day
d = wetland depth = f(water volume)
a = phosphorus/kcal ratio in plankton, gP/kcal

Phosphorus in Sediments, §
dS/dt=a{k21-kIPPA-(S2/d) A+aspPlA+ Bk M A + B (k4] % - kSM) A
where,

S = phosphorus in sediments, gP

B = phosphorus/kcal ratio in macrophytes, gP/kcal
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Table1(.2 Model parameters, definitions, values and sources for Old Woman Creek wetland modet

Symbol Name Values/Units Source
State Variables
Q water volume in wetland m3 field data
P total phosphorus £ field data
Pt plankton biomass kcal/m2 chlorophyll data
M macrophyte biomass kcal/m2 biomass data
P total phosphorus in water gP ficld data
S phosphorus in sediments gP field dam
Forcing Functions
Pd(t) direct precipitation m3/day field data
Qi) surface inflow m3/day USGS data
ET{) evapotranspiration m3/day field data
LE Lake Eric water level m USGS data
I solar radiation kealym2-day field data
Parameters and Coefficients
k1l outflow cocflficient 1.0 day-1 calibration
b wetland water level m ficld data
A wetland area m2 field data
sl sedimentation vclocity (.03 m/day Henderson-Sellers 1984
52 resuspension velocily 0.0025 gP/m-day calibration
d wetland depth m ficlkd data
k2 GPP/solar 0.005 fiekd data
K3 respiration coefficient 1.0 day-1 field data
sp plankton sedimentation coefficient  0.25day"! calibration
kd GPP/solar for macrophytes 0.0025 estimate
% percent cover by macrophytes = f{depth) variable
k5 macrophyie respiration coefficient 0015 day-1 calibration
k6(t) macrophyle sedimentation coefficient 0.01 day-1 1<288 estimate
0.1 day-1 1288 estimate
C(Q) phosphorus concentration of inflow g/m3 Baker 1988
d wetland depth m fieid data
a phosphorus/keal ratio in plankton  0.001 gP/kcal Jgrgensen 1982
8 phosphorus/keal ratio in macrophytes0.00075 gP/kceal field data
c chlorophyll/encrgy ratio 3.7 mg cha/kcal Vollenweider 1974
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several assumptions implicit in the model:

« There is no buill-in phosphorus limitation on produc-

tivity in the model. This appears to be a valid

assumption based on the work of Heath (1987) and
others;

» one active layer of sediments is considered with [inear

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 Eric when the waler

level in the wetland is higher than Lake Erie and the

barricr beach is open;

» aulo-catalylic reactions of plankton and macrophytes

arc initially left out of the model to increase model

stability;

» macrophyle dynamics are based on productivity meas-

urements of Nelumbo lutea, the dominant macrophyte

presently in Old Woman Creek wetland; and

= plankton biomass is converted from energy units to
chlorophyll a with a constant ratio of 3,7 mg chlorophyll g
/ kcal for populations not limited by nutrients
(Vollenweider 1974).

The STELLA program model is shown in Figure 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 Figure 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 10,23,
includes estimates of planktonic biomass (expressed as kcal/
m2 and mg chlorophyll/m2) and macrophyte biomass
{cxpressed as kcal/m2). Plankton is transported from the
wetland when there is flow out of the wetland and the
barrier beach is open. Both plankton and macrophytes are
assumed o contribule to scdimentadon 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 (1983) suggests an
average of 10 m/yr (0.3 m/day) for small lakes. This value
was used in the initial calibration of the model. Inflow of
phosphorus to Old Woman Creck assumes that the concen-
tration of phosphorus is a function of the flow, as

determined from previous data collected from similar small
watersheds that drain to Lake Erie (Figure 10.4).

Model Calibration

A step-wise calibration procedure is used to determine
several of the coefficients in the model. The hydrology
submode! is developed from hydrologic budget data
described in Chapter 4 with the outflow coefficient of the
wetland as the primary unknown, An cutflow coefficient of
the wetland of 1.0/day reproduces the waler Ievels as meas-
ured in the wetland in 1988 (Figure 10.5). The days in
which the wetland was open 1o Lake Erie and the simulated
outflow from Old Woman Creek are also shown in Figure
10.5. When the flow is negative, water is flowing from
Lake Eri¢ 0 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 time.

The second step in model calibration involves the
productivity submodel. The calibrated hydrology submodel
is coupled to the productivity submodel for this second cali-
bration step. The productivity submodel, which includes
plankton and macrophytes, is developed from exiensive field
data described in Chapters 3 and 5. Patterns of gross
primary productivity, as measured on scveral occasions
through 1988, are effectively reproduced by the model, with
the primary calibration factor being the plankton gross
primary producivity coefficient, k2 (Figure 10.6a). A
funther 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
{(Vollenweider 1974), we are not as confident of the pattem
of chlorophyll suggested by the model, but the field data
and the model give the same general seasonal pattern and are
clearly in the same range. The model overpredicts chloro-
phyll in May and June, after which the field data paitern are
closely reproduced.

There are few data on macrophyles in the wetand, but
calibration of the macrophyte component of the productiv-
ity submodel, especially for productivity and respiration
cocfficients, developed a pattern that generally fif the sparse
available data (Figure 10.7a). These calibration estimates
are for Nelumbo lutea, 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
macrophytes to be a linear function of water depih 1o predict
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more rcalistically the percent cover of the wetland by
macrophytes as:

%eover =1.00-72d ford <0.2857, and
= 000 ford=>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 of the modet involves
the phosphorus submadel which is then coupled with the
tiydrology and productivity submodels (Figure 10.7b).
Several estimates of seditnentation and resuspension coeffi-
cients are attempted, with the final determination using a
literature average for sedimentation (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 1o be only depen-
dent on depth. Shallower water generally leads to greater
turbulence in Lhe 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
upsiream watershed occurred,

Sedimentation

The use of hydrology, productivity, and nutrient calibra-
tions from extensive field data enable preliminary
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 resuspen-
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

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/m 2-day
(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
1988 occurred during a significant drought year, we can
expect the net sedimentation rate to be well below average.
From data presenied in Chapter 6 on sediment stratigraphy,
an accumulation of phosphorus in the sediments is esti-
mated (0 be 8 g-P/m2-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.

Nutrient Budgets

The model also allows calculations of nutrient budgets
for the wetland (Figure 10.9). According o 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 gstimated in
Chapler 5 from literature sources and field daia, it is a
reasonable estimatz based on the hydrologic conditions for
that particular year. Almost all of the inflow occurred when
the wetland was open o Lake Erie and when the barrier
beach closed at the outiet to the wetland, almost no addi-
tional streamflow entered the wetland. Cycling of nutrients
from sediments to water column and back dominated the
growing season.

Future Simulations

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 Lo 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
cntire effort of organizing the data of many research initia-
tives and many researchers is clearly valuable.
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Toward Dynamic Cartographic Modelling of

Coastal Wetlands of Lake Erie

Gi-chul Yi
Dana Tomlin
William J. Mitsch

Introduction

Of all the 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 1o other Great Lakes. Thus it is reasonable that
an improvement of water quality should start from within
its own drainage basin. One of the major problems facing
Lake Erie is nonpoint pollution from agricultural watershed
(Baker et al. 1985). Among nonpoint sources, soil loss has
been recognized as one of the primary harmful components
of water pollution (U.S. EPA 1985, Journal of Soil and
Water Conscrvation 1985, OEPA 1983).

Recently the State of Chio 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 stratcgics developed as a result of several discus-
sion among different agencies rcsulted in agreements to
focus on “‘problem™ areas - portions of countics, watersheds
or regions (OEPA 1983). Once critical areas have been iden-
tified, various control practices could be developed.
Therefore, what is required at first 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 Gosselink 1986). Wetlands protect
water bodies from sediments, nutrients, and other natural
and man-made pollutants. Wetland vegetation {ilters sedi-
menis, organic matter, and chemicals while micro-
organisms utilize dissolved nutrients and break down

organic matter. Wetlands have also been found to protect
shorelines, o prevent floods, recharge ground water and
serve as wildlife habitats. These values of wetlands vary
from one wetland to another (space scale) and from one time
to another (time scale). Because of this wide variation
among individual wetlands, the significance of the values
and benefits must be determined by different time (day,
month, year, decade and century) and different space (indi-
vidual, regional, national, intemnational and global) scale
basis.

The use of wetlands has become a controversial issue
between those who wish 1o develop and those who wish to
preserve. Developers regard wetlands as prime areas for resi-
dential, commercial and recreational development because of
their typical proximity to water. Farmers drain or clear
wetlands to plant crops in their rich organic soil. On the
other hand, conservationists questions about the intrinsic
values of numerous ecological services.

Wetland Data Management

Welland resource management entails not only a data
base describing the resource, its size, localion, 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 toel in
weltand 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 satcllite data have
rapidly expanded remote sensing research and technology
related to wetlands. The use of this technelogy is concerned
with various categories such as identification and classifica-
tion, mapping and inventory, monitoring historicai change
and quantification. Due to the capability of remote sensing
to provide synoptic vicws of large area, this technology can
be applicd efficiently and effectively the data implementa-
tion sources of digital cartographic dala.

A “model”, which can be a simplified verbal, graphic or
mathematical description, is used 10 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) materials
move over the landscape in a long time frame. Here models
in the form of cartographic dala can be used Lo describe how
selected environmental qualitics 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 o 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 of synthesizing geographic infor-
mation as a part of decision-making process (Tomlin 1983).
To move from description 1o prescription, however, a new
set of techniques is required. These are techniques that
broaden the role of cartographic modeling from relatively
passive inguiry 0 much more active intent. Descriptive
models answer questions; prescriptive models solve prob-
lems (Tomlin 1989).

Since the beginning of 20th century, a smail number of
scientists have utilized “systems analysis,” the study of a
complex sysiem's behavior and ite 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, time and space have
seldom been inlegrated into landscape analysis.
Incorporating dynamic methods into landscape description
and prescription will be very effective for better understand-

ing of our environment. They incorporale movement and
change through lime and thus spatial dynamic methods can
describe and evaloate natural and man-made systems as well
as prescribe for future management. Thus the development
of carlographic models in a dynamic system comprise the
focus of this study. Geographic Information Systems{GIS)
will be nsed for pan of 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 remole sensing, siatistics, computer graphics,
compuler compuiation, and dynamic simulation.

Objectives

The main objective of this study is to develop dynamic
cartographic model of a particular part of Lake Erie shore-
ling, including coastal weuands. This main objective will
be accomplished by understanding and replicating the
behavior of the system and by developing the graphic
display of scveral dypamic spatial models ( i.e. soil
erosion, sedimentation and wetlands) for supporting future
management decisions. Et will focus on the understanding
of the form and function of various landscape patierns and
how these pattemns affect the movement and storage of
some important natural materials such as abiotic (soil loss-
sediment) and biotic(wetland vegetation) factors. The impor-
tance of this study is in developing a convincing tool which
might useful to local officials in formulaling resource
management policies, especially for wetland management.

Methodology
The Site

Sandusky Bay is located on the southwest shore of
Lake Erie, Ohio and is oriented from east to west direction.
1t is approximately 25.4 km long and its width varics from
a value of 7.38 km 10 5.06 km (U.S.G.S. 7.5 wpographic
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 km?2 and its
land use is predominantly agricultural. Principal metropoli-
tan arcas in the Sandusky River basin are Bucyrus, Upper
Samdusky, Tiffin and Fremont.

The soils of the arca are mostly poorly drained clays.
The shallowness of the bay allows even the slightest wind
1o create a highly wrbulent condition with heavy sedimenta-
tion of the drainage basin, According to a previous Lake
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Erie Pollution Study {Northwest Ohio Water Development
Plan 1967), the average sediment load in the Sandusky
River is 408 thousand tons and the sediment compaositicn
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. Shaffer (1951) indicated that the
south shoreline was about 371 meters farther north in 1900
than in 1950, Shore loss along the south shore of the cast-
ern bay averaged 1.7 meters per year. The greatest shore
loss was 3.0 meters per year aleng the south shore of the
western bay, Shaffer (1951) suggested that this erosion was
due primarily to northeast storms.

Modelling

Traditionally, time and space have not been inlegrated
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 concepls of dynamic spatial landscape model-
ing, applications of implemented models and some
thoughts for future possibilities.

1. Structure of Model

The basic structure of mode} comprised two different
structure approach (Figure 11.1).

The first part include three descriptive GIS submodels
which are Soil Erosion Model, Sediment Transport Model
and Wetland Model (Figure 11.2). These models are
constructed by overlaying several layers of GIS and
connected in the spatial 1andscape 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 Transport Model can account
for ransported sediment from soil erosion, and the Wedand
Model can account for wetland change over long term
{(several decades) and short terins(days).

The second part of the model is a dynamic simulation
model. Compared to first spatial situation of GIS model,
each cell of GIS contains a dynamic movement to
connected cach 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 Lhe storage and
flows of water can be interconnected within a typical cell
(Costanza et al. 1986, 1988). The volume of waler crossing

from one cell io another carries a specified sediment or soil
loss. Then this sediment can be deposited, resuspended or
subsided in a cell. Planis and animals within cach cell can
also influence these exchange.

A implemented dynamic spatial model can account how
different forcing function variables affect the state variables
of the system. Exampic variables are:

Forcing Funciion

Climate(Rainfall, Wind)

Topography

LandUse(Cover)

Hydrology

Nutrients and Scdimcents in Runoff

State Variables

Water Level

Plants Distribution{Ecosystem types)

Soil and Sediments

Nutrients

Water Volume

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

2. Prescriptive Cantographic Modelling

The implemented dynamic spatial model can cutpul the
past and current data. This will determine the functioning of
the presently remaining wetlands. The future data will be
predicied by simulation. The effects of different manage-
ment scenarios can be analyzed in the model. These
scenarios will covern:

1) the impacts of human management (i.e. various fand
management, erosion control, water level control, dredg-
ing, anificial wetland consmuction);

2) the impacts of various natural power ( i.e. water level
changes, runoff from watershed); and

3) the impacts of site specilic manipulation (i.e. critical
erosive area control, undiked - diked wetland types).

Data Preparation

The data entry into for this study wiil include several
ways. Table 11.1 is a summary of available data sources
and its implemeniation. The first method is by image
processing (which include conversion and rectification) from
several satellite 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 11.4 Design process of overall methodology for this siudy

Table 11. 1 Data sources for cariographic modeiling

Data Sources  Date Ways of implementation Characteristics(Use)

SPOT ? Image processing Land Use, Wetland types, Sediment
LANDSAT ? Imnage processing Land Use, Wetland types, Sediment
AVHRR ? Image processing Sediment

LRIS 1975 Conversion Soil, Drainage, Land Cover

OCAP ? Conversion Soil, Drainage, Land Cover

DEM ? Transformation Slope, Aspect

Acrial Slides  8/88 Visual Checking and Wetlands

(Color/CIR) Digitizing

SPOT: French Satellite Probatoire pour 'Observation de 1a Terre (10 meter cell width)

LANDSAT: MSS(79meter cell width), TM(30 meter cell width)

AVHRR: Advanced Very High Resolution Radiometer(l.1km cell widih)
LRIS: Lake Erie Land Resources Information System{200 meter cell width)

OCAP: Ohio Capability Analysis Program
DEM: Digital Elevation Model
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(i.e. U.S. Army Corp Engineers, U.5.G.5). The third way
include digitizing of standard map outputs which is done by
retracing the component categories on a digitizing tablet.

Finally acrial photointerpretation is another way of data
entry. Aerial photo can be digitized by using a video
camera and then process to rectify (removal of distortion in
aerial photographs),

Work Plan
The detailed steps of our work plan inciude the
[ollowing:

1. Collect the existing data sources and check
availability,

2. Collect (order) satellite data when cloud cover is
abscnt and on-site sampling is available,

3. Preprocess (convert) the data into available digital
format (i.e. ASCII).

4. Process and analyze the relationship between digital
data and levels of system variables (i.c. satclliie - sediment,
land use, wetland loss)

5. Develop the model. This invelves the sensitivity test
of the model and the analysis of the result of model
calibration.

6. Discuss and outline the use and implications of the
model 1o provide solutions to pressing coastal management
problems.

Expected Results

By linking GIS and dynamic simulation models, the
automaled prescriptive process can be devised. Figure 11.4
shows the design process of the overall methodology.
Various management issues can be questioned in this stage
(i.e. wetland loss - water level management, snitable artifi-
cial welland 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 ic the
simulation model. This process can be continued uniil it
satisfy management requirements (i.e. sediment concentra-
tion, optimum wetland distribution}. If artificiat 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.

180



References

American Public Health Association. 1985, Standard
Methods for the Examination of Water and Wastewater.
16th edition., APHA, Washington, DC., 1134 pp.

Baker, D.A. 1988. Sediment, nutrient and pesticide trans-
port in selected lower Great Lake tributaries. U.S. EPA
Report EPA-905/4-88-001, GLNOP Report No. 1,
Washington, DC,

Baker, D.A,, K.A. Krieger, R.P. Richards, and J.W.
Kramer. 1985. Effects intensive agricultural land use on
regional water quality in northwestem Ohio. Pages 201-
207 in Perspectives on nonpoint source pollution. Proc.
National Conf. May 19-22, Kansas City, Missouri,
U.S.EPA. Washington, DC,

Balogh G.R. and T.A. Bookhout. 1989. Purple loosestrife
{Lythrum salicaria) in Ohio’s Lake Erie marshes. Ghio J.
Sci. 89:62-64.

Braun, E.L. 1961. Woody plants of Ohio: Trees, Shrubs
and Woody Climbers, Native, Naturalized, and Escaped.
Ohio State University Press, Columbus, OH, 362 pp.

Buchanan, D. 1982, Transport and deposition of sediment
in Old Woman Creek Estuary of Lake Erie. M.S.
Thesis, The Ohio State Univ., Columbus, OH.

Burnas, B. 1967 A new method for decompostion and
comprehensive analysis of silicates by atomic absorption
spectrometry. Anal. Chem. 39:1682-1686.

Campbell, L.J. 1955, The late glacial and lacustrine depos-
its of Erie and Huron Counties, Ohio, Ph.D.
Dissertation, Ohio State University, Columbus, OH,

Calkin, P.E. and J.H. McAndrews. 1980. Geology and
paleontology of two Late Wisconsin sites in westem

New York state. Geological Society of America
Bulletin, Part 1, 91:295-306.

Chang, S.C. and M.L. Jackson. 1957. Fractionation of soil
phosphorus. Soil Sci. 84:133-144,

Coakley, I.P. and C.F.M. Lewis. 1985. Postglacial lake
levels in the Erie basin. Pages 195-211 jn P.F. Karrow
PFE. and P.E. Caulkins, eds., Quaternary Evolution of
the Great Lakes, Geological Association of Canada.

Copeland, B.J. and W R, Duffer, 1964. Use of a clcar plas-
tic dome to measure gascous diffusion rates in natural
waters. Limnol. Oceanogr. 9:494-499,

Costanza, R. and F.H, Sklar. 1985. Articulation, accuracy
and effectiveness of mathematical models: a review of
freshwater weiland applications. Ecol. Modelling 27:45-
69.

Costanza, R., F.H. Sklar, and J.W. Day, Jr. 1986.
Dynamic spatial modeling of coastal wetiand habitat
suceession, Ecol, Madelling 29:261-281.

Costanza, R., F.H. Sklar, M. White, and }1.W. Day, Jr.
1988. A dynamic spatial simulation modeling of land
loss and marsh succession in coastal Louisiana. Pages
99-114 in Miisch, W.J., M. Straskraba, and S.E.
Jergensen, eds., Wetland Modeling, Elsevier,
Amsterdam.

Davis, M.B., M.S. Ford, and R.E. Moelier. 1985,
Paleolimnology. Pages 345-429 in Likens, G.E,, ed,,
An Ecosystem Approach to Aquatic Ecology. Mirror
Lake and its Environment, Springer-Verlag, New York,

Dean, W.E, Jr. 1974. Determination of carbonales and
organic matter in calcareous sediment and scdimentary



References

rocks by loss on ignition: Comparison with other
methods. J. Sedimentary Petrology 4:242-248.

Dykyjova, D. and J. Kvet. 1982. Mineral nuwient econ-
omy in wellands of the Trebon Basin Biosphere Reserve,
Czechoslovakia. Pages 335-355 in Gopal, B., R.E.
Turner, R.G. Wetzel, and D.F. Whigham, eds. Wetlands
- Ecology and Management, National Institute of
Ecology and International Scientific Scientific
Publications, Jaipur, India,

Earth Satcllite Corporation. 1972. Aerial multiband
wetlands mapping. Photogramm. Eng. 38:1188-1189,
Eisner, W.R. and A.P. Sprauge. 1988. Pollen counting on

the microcomputer. Pollen et Spores 39:461-470,

Engstrom, D.R. and H.E, Wright Jr. 1984. Chemical stra-
tigraphy of lake sediments as a record of environmental
change. Pages 11-68 in Haworth, EY., and J.W.G.
Lund, eds. Lake Sediments and Environmental History,
Univ. of Minnesota Press, Minneapolis.

Engstrom, D.R., E.B, Swain, and }.C. Kingston. 1985. A
paleclimnological record of human diswrbance from
Harvey's Lake, Vermont: gecochemistry of pigments and
diatoms. Freshwater Biol. 15:261-228.

Evercit, K.R, 1988, Histosols. Pages 1-53 jg Smeck, LP.,
and G.F. Hall, eds., Pedogenesis and Soil Taxonomy Ii:
The Soil Orders, Elsevier, Amsterdam,

Ewel, K.C. and H.T. Odum, cds. 1984, Cypress Swamps.
University Presses of Florida, Gainesville, 472 pp.

Faegri, K. and J. Iverson. 1973. Textbook of Pollen
Analysis. Hafner Press, New York, 295 pp.

Fennessy, S. and W. J. Mitsch, 1989. Design and use of
wetlands for renovation of drainage from coal mines.
Pages 231-253 jp Mitsch, W.J. and S.E. Jprgensen,
eds., Ecological Engincering: An [niroduction to
Ecotechnology, John Wiley & Sons, New York,

Frizado, J., R, Anderhalt, C. Mancuso, and L. Norman.
1986. Depositional and diagenetic processes in a fresh-
water estuary. NOAA Technical Report Series OCRM/
SPD.

Garrison, G.C. 1967. Pollen stratigraphy and age of an
early postglacial beaver site ncar Columbus, Ohio. Chio
J. 8ci. 67:96-105,

Good, R.E_, N.F. Good, and B.R. Frasco. 1982, A review
of primary production and decomposition dynamics of
the belowground marsh component. Pages 139-157 in
Kennedy, V.S., ed., Estuarine Comparisons, Academic
Press, New York.

Gosselink, J.G. and R.E, Tumer. 1978. The role of hydrol-
ogy in freshwater wetland ecosysiems. Pages 63-78 in
Good, R.E., D.F. Whigham, and R.L. Simpson, eds.,

Freshwater Wetlands: Ecological Processes and
Management Potential, Academic Press, New York.

Gray, I. C. and J. H. Olive. 1986. The diatom history of
an urban lake: Summit Lake, Akron, Ohio. 7,
Freshwater Ecology 3:559-566.

Hach Chemical Company. 1984, Procedures manual. Hach
Chemical Co., Loveland, CO.

Hardisky, M.A., M.F. Gross, and V. Klemas. 1986.
Remote sensing of coastat wetlands. BioScience 36:453-
460.

Hartland-Rowe, R., and P.B. Wright. 1975, Effects of
sewage efflucal on a swampland strcam, Verh. Internat.
Verein. Limnol. 19:1575-1583.

Heath, R.T. 1987. Phosphorus dynamics in the Old
Woman Creek National Estuarine Sanctuary - a prelimi-
nary investigation, National Oceanic and Atmospheric
Administration (NOAA) Technical Memorandum, NOS
MEMPD 11, Washington, DC., 105 pp.

Henderson-Sellers, B. 1984, Engineering Limnology.
Pitman Publishing Ltd., London. 356 pp.

Herdendorf, C.E. 1963, The geology of the Vermilion quad-
ragle, Ohio. M.S. Thesis, Ohio University, 182 pp.
Herdendorf, C.E. 1987, Coastal wetlands along western
Lake Eric: a community profile. U.S. Fish and Wiidlife

Service Report 85(7.9), Washington, DC, 172 pp.

Herdendorf, C.E. and L..L. Braidech. 1972. Physical charac-
teristics of the reef area of western Lake Erie, Ohio
Depariment of Natural Resources, Division of
Geological Survey Report Investigation 82, Columbus,
GH, 90 pp.

Herdendorf, C.E., §.M. Hartley, and M.D. Barnes, eds.
1981, Fish and wildlife resources of the Great Lakes
Coastal Wetlands within the United Siates. Volumce 1:
QOverview, U.S. Fish and Wildlife Service Report FW§/
OBS 81/02-v1. Washington, DC., 469 pp.

Herdendorf, C.E, and M.L. Baily. 1989, Evidence for an
early delta of the Detroit River in Lake Erie. Qhio J.
Sci. (in press).

Holdren, G.C. and D.E. Armstrong. 1980. Factors affecting
phosphorus release from intact sediment corces. Environ.
Sci. Technol. 14:79-87.

Hutchinson, G.E, and A, Wollock. 1940. Studies on
Connecticut lake sediments, 11, Chemical analyses of a
core from Linsley Pond, North Branford. Am J. Sci.
238:493-517.

International Joint Commission, 1980. Pollution in the
Great Lakes basin from land use aclivities. 1JC Report
10 the Governments of the United States and Canada.
International Joint Commission, Windsor, Ontario, 141

Pp.

182



References

Jaworski, E., C.N. Raphael, P.J. Mansfield, and B.
Williamson. 1979, Impact of Great Lakes water level
fluctuations on coastal wetlands. Final Research Report,

Institute of Water Research, Michigan State University,
East Lansing, MI, 351 pp.

Johnson, M.G. et al. 1978. Management information base
and overview modelling. PLUARG Technical Report
Neo. 002 to the International Joint Commission,
Windsor, Ontario, 90 pp.

Iprgensen, S.E. 1989. Ecotechnological approaches to the
restoration of lakes. Pages 357-374 in Mitsch, W.). and
S.E. Jorgensen, eds., Ecological Engineering: An
Introduction to Ecotechnology, 1. Wilsy & Sons, New
York.

Joumal of Soil and Water Conscrvation, 1983, Nonpoint
Water Pollution: A Special Issue. Journal of Soil and
Water Conservation 40(1):1-176.

Justice, C.0O. and J.R.G. Townshend. 1981. Inlegrating
ground data with remote sensing. Pages 38-58 jn
Townshend, J.G.R., ed., Terrain Analysis and Remote
Sensing, Allen & Unwin, London.

Kadlec, R.H. 1979, Weitlands for tertiary treatment. Pages
436-456 jn Greeson, P.E., J.R. Clark, and J.E. Clark,
eds., Wetland Functions and Values: The State of Gur
Understanding, American Water Resources Asoc..
Minneapolis, MN.

Kamp-Nielsen, L. 1983, Sediment-water exchnage models.
Pages 387-420 in Jorgensen, S.E., ed., Application of
Ecological Modelling in Environmental Management,
Puart A, Elsevier, Amsterdam.

Karrow, P.F., B.G. Warncr, and P. Fritz. 1984, Corry Bog,
Pennsylvania: a case study of radiocarbon dating of marl.
Quaternary Research 21:326-366.

Kapp, R.O. 1969. How 10 Know the Pollen and Spores.
W.C, Brown, IA.

Kapp, R.Q. and A.M. Gooding. 1964. A radiocarbon-dated
profile from Sunbeam Prarie Bog, Darke County, Ohio.
Am. J. Sci. 62:259-266.

Kemp, W.M., MR. Lewis, and T.W. Jones. 1986.
Comparison of methods for measuring production by the
submersed macrophyte, Potamogeton perfoliatus L.
Limnol. Oceanogr. 31:1322-1334,

Kerfoot, W.C. 1974. Net accumulation rates and the history
of cladoceran communities. Ecology 55:56-61.

Klarer, D.M. 1988. The role of a freshwalter estuary in miti-
gating stormwater inflow. Old Woman Creek Technical
Report Number 5. Ohio Department of Natural
Resources Division of Natural areas and Preserves and
NOAA. 65 pp.

Klopatek, J.M. 1978. Nuurient dynamics of freshwater
riverinc marshes and the role of emergent macrophyics.
Pages 196-219 in Good, R.E., D.F. Whigham, and R.
L. Simpson, eds., Freshwater Wetdlands: Ecological
Processes and Management Potential, Academic Press,
New York.

Kremer, J.N. and S.W. Nixen, 1978. A Coastal Marine
Ecosystem. Springer-Verlag, New York, 217 pp.

Kreiger, K.A. 1985. A comparative study of crustacean
zooplankton community structure and dynamics in a
Lake Erie Marsh and the adjacent wave zone. Repoit o
U.S. Dept. of Commerce, NOAA, Sanctaary Programs
Div., Washingion, DC.

Kroll, R., T.A. Bookhout, and K.E. Bednarik. 1988,
Distribution and waterfowl use of the Great Lakes
Marshes. Abstract. Ohio Wildlife Meeting, Ohio
Department of Natural Resources, Columbus, OH.

Kunishi, H.M. 1988, Sources of nitrogen and phosphorus
in an estuary of the Chesapeake Bay. J. Environ. Qual.
17:185-188.

Kunishi, H.M. and D.F. Glouelty. 1985, Sediment,
season, and salinity effects on phosphorus concentrations
in an estuary, J. Environ, Quai. 14:292-296,

Lindsay, W.K. 1976. Sandusky Bay, Ohic as a distinct
freshwaler estuary. Ph.D. Dissentation. The Ohio State
University, Columbus, OH.

Livingstone, D.A. 1955. A lightweight piston sampler for
lake deposits. Ecology 36:137-139.

Livingstone, D.A. 1957. On the sigmoid growth phase in
the history of Linsley Pond. Am. J. Sci. 255:346-373.
Livingsione, D.A. and J.C. Boykin. 1962. Vertical distri-
bution of phosphorus in Linsley Pond mud. Limnol.

Oceanogr. T-57-62.

Logan, T.J., F.H. Verhoff, and J.V. DePinto. 1979.
Riological availability of tolal phosphorus. Technical
Report Series, Lake Erie Wastewater Management
Study, U.S. Army Corps of Engincers, Buftalo, NY, 42
pp.

Logan, TJ, and J.R. Adams. 1981. The effects of reduced
tillage on phosplate transport from agricultural land.
Technical Report Series, Lake Erie Wastewater
Management, 11.S. Army Corps of Engineers, Buffalo,
NY. 25 pp.

Lorenzen, C.J. 1967. Determination of chlorophyll and
pheo-pigmenis: spectrophotomic equations. Limnol.
Oceanogr. 12:385-423,

Lowden, R.M. 1969. A vascular flora of Winous Point,
Ottawa and Sandusky Counties, Ohio. Ohio J. Sci.
69:257-284.

183



References

Lyon, J.G. 1981. The influence of Lake Michigan water
levels on wetland soils and distribution of planis in the
Straits of Mackinac. Ph.D. Dissertation. Univ. of
Michigan.

Lyon, J.G. and R.D. Drobney. 1984. Lake level effects as
measured from aerial photos. J. Surveying Eng.
110:103-111,

Lyon, 1.G., R.D. Drobney, and C.E. Olsen, Jr. 1986,
Effects of Lake Michigan water levels on wetland soil
chemistry and distribution of plants in the Straits of
Mackinac. J. Great Lakes Res. 12:175-183.

Mackereth, FJ.H. 1966. Some chemical observations on
post-glacial lake sediments. Phil. Trans. R. Soc. B. 250:
165-213,

Marshall, I.H. and R.L. Stuckey. 1974, Aquatic vascular
plants and their distribution in the Old Woman Creek
Estuary, Erie County, Ohio. ODNR Division of
Research, Publication DNR-RS-4, Columbus, OH.

McAndrews, J.H., A.A. Berti, and G. Norris. 1973. Key to
the Quaternary pollen and spores of the Great Lakes
region. Life Sci. Misc. Publ,, R, Oni. Mus. Univ. of
Toronto.

McCullough, G.B. 1985, Wetland threats and losses on
Lake St. Clair, Pages 201-208 in Prince, H. H. and F.
M. D'ltr, eds., Coastal Wetlands, Lewis Pubishers,
Chelsea, ML

Mitsch, W. 1. 1977. Waterhyacinth (Eichhorinia crassipes)
nutrient uptake and metabolism in a north central Florida
marsh. Arch. Hydrobiol, 81:188-210.

Mitsch, W. 1. 1983, Ecological models for management of
freshwater wetlands. Pages 283-310 ig Jorgensen, S. E.,
and W. J. Mitsch, eds., Application of Ecological
Modelling in Environmental Management, Part B,
Elsevier, Amsterdam.

Mitsch, W.J. 1988a. Ecological engineering and ecolecnol-
ogy with wetlands: applications of systems approaches.
Pages 565-580 in A. Marani, ed., Advances in
Environmental Modelling, Elsevier, Amsterdam.

Mitsch, W.J. 1988b. Productivity - hydrology - nutrient
models of forested wetlands. Pages 115-132 in Mitsch,
W.J., M. Straskraba, and S E. Jargensen, eds., Wetland
Modelling, Elsevier, Amsterdam.

Mitsch, W.J., CL.. Dorge, and 1.R. Weimhoff. 1979.
Ecosystemn dynamics and a phosphorus budget of an ally-
vial cypress swamp in southern Ilinois. Ecology 60:
1116-1124.

Mitsch, W.J, and K.S. Kaltenbomn. 1980. Effecis of copper
sulfate application on diel dissolved oxygen and metabo-
lism in the Fox Chain of Lakes. Trans. [li. State Acad.
Sci. 73:55-64.

Mitsch,W.J., J.W. Day, Jr., J.R. Taylor, and C. Madden.
1982. Models of North American freshwater wetlands.
Int. J. Ecol. Environ. Sci. 8:109-140.

Mitsch, W.1., I.R. Tayler, K.B. Benson, and P.L. Hill.
1983. Atlas of wetlands in the principal coal surface
mine region of westerm Kentucky. U.S. Fish & Wildlife
Service Report FWS/OBS 82/72, Washington DC, 134
PD.

Miisch, W.J. and I.G. Gossclink. 1986. Wetlands, Van
Nostrand Reinhold, NY, 539 pp.

Miisch, W.J., M. Straskraba, and S.E. Jgrgensen, eds.
1988. Wetiand Modelling, Elsevier, Amsterdam,

Mitsch, W.J., B.C. Reeder, and D M. Klarer, 1989, The
role of wetlands for the control of nutrients with a case
study of western Lake Erie. Pages 129-159 jp Mitsch,
W.J. and S.E. Jorgensen, eds., Ecological Engineering.
An Introduction to Ecotechnology, . Wiley & Sons,
New York,

Nixon, S.W., C.A. Oviau, J. Garber, and V. Lee. 1976.
Diel metabolism and nutrient dynamics in a salt marsh
embayment. Ecology 57:740-750.

Northwest Ohio Water Development Plan. 1967. Ohio
Department of Natural Resources. Division of Water,
Columbus, CH.

Novotny, V. 1986. A review of hydrologic and water qual-
ity models used for simulation of agricultural pollution.
Pages 9-35 jn Giorgini, A. and F. Zingales, eds,,
Agricultural Nonpoint Source Pollution: Model
Selection and Application, Elsevier, Amsterdam.

Odum, H.T. and C.M., Hoskin. 1958. Comparative studies
of the metabolism of marine waters. Publ. Inst. Mar.
Sci. Univ. Texas 5:16-46.

Odum, H.T., K.C. Ewel, W], Miisch, and J. W. Ordway,
1977. Recycling treated sewage through cypress
wetlands. Pages 35-67 in D'lItri, F.M., ed., Wastewater
Renovation and Reuse, Marcel Dekker Press, New York.,

Ogden, J.G. 111, 1966. Forest history of Ohio I. Radio-
carbon dates and pollen stratigraphy of Silver Lake,
Logan County, OH. Okio J. Sci. 66:387-400.

Ohio Department of Natural Resources. 1982. Ohio's
coastal wetlands. ODNR, Columbus, OH, 7 pages.

Ohio Environmental Protection Agency. 1983, Ohio
Agricultural Polluiion Abaement Strategy. OEPA,
Columbus, OH, October.

Oleya, T.O. and T.J. Logan. 1980. Phosphate desorption
from soils and sediments with varying levels of extracta-
ble phosphate. J. Environ. Qual. 9:526-531.

Pearlsiein, L., H. McKellar, and W. Kitchens. 1985.
Modelling the impact of a river diversion on bottomtand

184



References

forcst communilies in the Santee River floodplain,
South Carolina. Ecof. Modelling 29:283-302.

Pennington, W., Hayworth, E.Y., Bonny, A.P., and J.P.
Lishman. 1972, Lake sediments in northern Scotland.
Phil. Trans. R. Soc. B. 264:191-294.

Peverly, J. H. 1982. Stream transport of nutrients through
a welland. J. Environ. Qual. 11:38-43,

Phipps, R.L. 1979. Simulation of wetlands forest vegeta-
tion dynamics. Ecol. Modelling 7:257-288.

Pomeroy, L.R, and R. G. Wiegert. 1981. The Ecology of a
Salt Marsh. Springer-Verlag, New York, 271 pp.

Prince, H.H., and F.M, D'Tiri (eds.). 1985. Coastal
Wetlands. Lewis Publishers, Chelsea, MI., 286 pp.

Reckhow, K.H. and S§.C, Chapra. 1983. Engineering
Approaches for Lake Management, 2 vols., Ann Arbor
Sci, Atnn Arbor, M1,

Richardson, C. 1., D.L. Tilton, J.A. Kaldec, J.P.M.
Chamie, and W, A, Wentz, 1978. Nutrient dynamics of
northermn wetland ecosystems. Pages 217-241 jn Good,
R.E., D.F. Whigham, and R.L. Simpson, eds,
Freshwater Weilands: Ecological Processes and
Management Potential, Academic Press, New York.

Richardson, C.J, and D.S. Nichols. 1985. Ecological analy-
sis of wastewatcr management criteria in welland
ecosystems. Pages 351-391 in Godfrey, P.J., ER,
Kaynor, §. Pelczarski, and §. Benforado, eds., Ecological
Considerations in Wetlands Treatmen: of Municipal
Wastewaters, Van Nostrand Reinhold Co., New York.

Richason, B.F, III. 1978. High aliitude coelor infrared
photography. Pages 197-213 in Richason, B.F. Jr,, ed,,
Introduction to Remote Sensing of the Environment,
Kendali/Hunt, IA.

Sager, P.E., §. Richman, HJ, Harris, and G. Fewless.
1985. Preliminary observations on the seiche-induced
flux of carbon, nitrogen and phosphorus in a Great Lakes
coastal marsh. Pages 59-68 in Prince, H. H. and F. M.
D'Ttri, eds., Coastal werlands, Lewis Pubishers, Chelsea,
MI.

Sampson, H.C. 1930. Successions in the swamp forest
formation in northern Chio. Ghio J. Sci. 30:340-357.
Sanger, J.E,, and G.H. Crowl. 1979. Fossil pigments as a
guide to the palcolimnology of Browns Lake, Ohio.

Quat, Res. 11:342-352.

Sanger, 1.E., and E. Gorham. 1972. Stratigraphy of fossil
pigments as a guide to the postglacial history of
Kirchner Marsh, Minnesota. Limnol. Oceanogr. 1T:
840-854.

Sears, P.B. 1938. Climatic interpetation of postglacial
pollen deposits in North America. Am. Meterorlogical

Soc. Bul. 19:177-181.

Shaffer, P.R. 1951, 1951, Shore erosion on Sandusky Bay.
Ohio J. Sci. 51(1):1-3.

Shane, L.C.K. 1987. Late-glacial vegetational and climatic
history of the Allegheny Plateau and the Till Plains of
Ohio and Indiana, U.S.A. Boreas 16:1-20.

Shima, L.J., R.B. Anderson, and V.P. Carter. 1976. The
use of aerial color infrared photography in mapping the
vegelation of a freshwater marsh. Chesapeake Sci.
17:74-85.

Sommers, L.E. and Nelson, 1972, Determination of total
phosphorus in soils: a rapid perchloric acid digestion
procedure. Soil Sci. Soc. Am. Proc. 31:752-756.

Spear, R.W. and N.G. Miller. 1976. A radiocarbon dated
diagram from the Allegheny Plateau of New York State.
Journal of the Arnold Aboretum 57:369-403,

Straskraba, M. and A. Gnauck. 1985. Freshwater
Ecosystems: Modelling and Simulation, Elsevier,
Amsterdam, 309 pp.

Swain, E.B. 1985. Measurement and interpretation of scdi-
mentary pigments, Freshwater Biology 15:53-76.

Tomlin, C.D. 1983. Digital cartographic modelling tech-
niques in environmenial planning, Ph.D. Dissertation,
Yale University, New Haven, CT.

Tomlin, C.D. 1989, Geographic Information System
Applications: The Cartographic Modeling Approach,
Prentice-Hall, Englewood Cliffs, NJ, in preparation.

U.S. Environmental Protection Agency. 1985. Perspectives
on nonpoint source pollution, Proc, national conference,
Kansas City, Missouri, May-19-22, 1985. EPA-440/5-
85-00. Washington, DC, 514 pp.

Vollenweider, R.A. 1974, Primary Productivity in Aquatic
Environments, 204 edition. IBP Handbook No. 12,
Blackwell Sci, Publ., Oxford, 225 pp.

Westlake, D.F. 1963. Comparsion of plant productivity.
Biol. Rev. 38:385-425.

Wetzel, R.G. 1983. Limnology, Saunders, New York, 762
pp.

Wilen, B.O. 1986. National Wetlands Inventory Mapping,
Pages 65-87 jn Voss, A.W,, cd., Remote Sensing and
Land Information Systems in the Tennessee Valley
Region, Proceedings of the Forum on Remote Sensing
and Land Informaticn Systems in the Tennessee Valley
Region, Chattancoga, TN.

Williams, A.S. 1974. Late glacial-postglacial vegetation
history of the Pretty Lake region, northeastern Indiana.
United States Geological Survey Professional Paper 686-
B. Department of the Intcrior, Washington, DC.

Williams, J.D.H,, I.K. Syers, 5.5. Shulka, R.F. Harris,

183



References

and D.E. Armstrong. 1971, Levels of inorganic and total Great Lakes. Limnol. Oceanogr, 25:1-11.
phosphorus in lake sediments as related to other sedi-  Yaksich, .M., D.A. Melfi, D.B. Baker, and J. W. Kramer,

ment parameterss. Eaviron. Sci. Technol. 5:1113-1120. 1982. Lake Erie nutrient loads, 1970-1980. Lake Erie
Williams, J.D.H., ].M. Jaquet, and R.L. Thomas, 1976a. Wastewater Mangement Study, U.S. Army Corps of
Forms of phosphorus in the superficial sediments of Engineers, Buffalo, NY, 194 pp.
Lake Erie. J. Fish. Res. Board Can. 33:413-429. Yi, Gi-Chul. 1987. A geographic information system soil
Williams, J.D.H., T.P. Murphy, and T. Mayer. 1576b. erosion model for developing nonpoint pollution strate-
Rates of accumulation of phosphorus forms in Lake Erie gies. M.L A_ Thesis. Ohio State University, Columbus,
sediments. J. Fish. Res. Board Can. 33:430-439, OH.
Williams, J.D.H., H. Shear, and R.L. Thomas, 1980, Zadorojny, C., S. Saxon, and R. Finger. 1973. Spectro-
Availability to Scenedesmus quadricanda of different photometric determination of ammonia, J. Water Poll.

forms of phosphorus in sedimentary materials from the Control Fed. 45:905-912.

186



OHIO

I INIVERSITY



