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A joint venture between Openlands Project and

the Lake County Forest Preserve District

were undertaken at the Des Plaines River Wetlands Dem-
onstration Project. The project comprises 450 acres of
riparian land along 3 miles of the Des Plaines River in
Wadsworth, Illinois, approximately 35 miles north of
Chicago.

This project is a living laboratory designed to system-
atically evaluate and quantify the ways in which wetlands
enhance water quality, mitigate flooding, and provide
wildlife habitat. The project’s goal is to produce the
criteria necessary for scientists and engineers to rebuild
our nation’s river systems by re-creating, restoring and
managing wetlands.

To rebuild and manage these wetlands, it is necessary
to understand the natural processes that govern aquatic
systems. Thus, the research program at the project is
based on large-scale experimentation, that is, controlling
flow rates and water depths, creating and monitoring soil
systems, and developing a wide range of habitats through
the reestablishment of native plant communities.

Wetlands Research, Inc., a non-profit corporation,
initiated and now manages the Des Plaines River Wet-
lands Demonstration Project. The corporation was
formed in 1983 as a joint venture between the Lake
County (Illinois) Forest Preserve District and  Openlands
Project of Chicago. Both organizations appoint members
to the board. The district owns the land on which the
restoration and research work is taking place.

The cost of the project is being borne by all sectors of
our society—public and private—with the following allo-
cation: 33% federal government, 10% state government,
14% local government, and 43% private. More than 50
individuals and organizations have helped make the
project possible. Major contributors include: Abbott
Laboratories, Atlantic Richfield Foundation, Campanella
& Sons, Inc., Caterpillar Tractor Co., Chicago Commu-
nity Trust, Commonwealth Edison Co., Gaylord
Donnelley 1983 Gift Trust, Gaylord and Dorothy
Donnelley, Exxon Company U.S.A., Illinois Department
of Energy and Natural Resources, International Minerals
& Chemical Corp., The Joyce Foundation, Lake County
Forest Preserve District, Openlands Project, Prince
Charitable Trust, Sudix Foundation, U.S. Army Corps of
Engineers, U.S. Environmental Protection Agency, U.S.
Fish and Wildlife Service, and Waste Management of
North America-Midwest.

he research activities described in this technical paperT

Project Summary

      Printed on recycled paper
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Intensive Studies of
Wetland Functions

1989 through December 2, 1990. For the 1991 season, the
wetlands had water pumped through them from April 8,
1991 through September 29, 1991.

Hydrology

Hydrologic research at the Des Plaines site is focused on
developing and testing analytical tools which explicitly
represent the controlling phenomena involving precipita-
tion, surface and groundwater, soil moisture, evaporation,
topography, geology and biotic factors (Figure 2). Hydro-

Since its founding in 1983, the Des Plaines River
Wetlands Demonstration Project has sought to be
a proving ground for methods of wetland design,

construction, and management. If wetlands are to be re-
created or restored, then scientists and engineers must
understand how wetlands carry out the important func-
tions attributed to them—functions such as improving
water quality, attenuating flood damage and providing
wildlife habitat.

To that end, the project assesses wetland functions
through comprehensive studies within its constructed
experimental wetlands (EWs). This report presents a
summary of the ecological research by 11 researchers or
research teams in the four deep water marshes and
environs. (Names and affiliations of the researchers are
given on page 11.)

The research covers a 23-month span, from April
1990 to March 1992. In some areas of research, however,
databases had been started prior to this period. Because
most of the research conducted at the project is long-term
and comprehensive, much of the work discussed here
will be continued into the future. Full reports are avail-
able from Wetlands Research, Inc.

Site Conditions

The experimental wetlands at the project were con-
structed on land that had been previously drained for
farming and grazing, mined for sand and gravel, and then
abandoned. Most of the original wetlands had been
destroyed, along with the associated vegetation. Four of
these experimental wetland areas—classified as Palustrine
Emergent Wetlands—were put into operation in Septem-
ber 1989 (Figure 1; EWs 3, 4, 5, and 6). Two additional
experimental wetland complexes (EWs 1 and 2) were
constructed after this research period began.

One of the broad goals for the project is to test water
quality and biological responses to various flow regimes.
Therefore, an irrigation and pumping system from the
river maintains the hydraulic loading rates for the experi-
mental wetlands: EWs 3 and 5 have high rates; and EWs
4 and 6 have low rates. Table 1 details the pumping and
other loading rates for the experimental wetlands for both
field seasons under consideration. For the 1989-90 sea-
son, flow conditions were maintained from October 1,



4

Wetlands Research, Inc.

logic data for two complete water years have been col-
lected and analyzed by a team led by Donald L. Hey.

Detailed water budgets were constructed for each of
the experimental wetlands to (1) cross check field mea-

Table 1. Hydrologic Loading Rates for Experimental Wetlands

EW 3 EW 4 EW 5 EW 6
Size, hectares (acres) 2.3 (5.8) 2.3 (5.8) 1.8 (4.6) 3.4 (8.5)

Design Inflow, cm/wk 4 6 8 4 6 8

October 1989–September 1990

Inflow, cm/wk (n=49) 40 ± 1.9 * 10 ± 0.90  37 ± 2.0  17 ± 1.8 

Outflow, cm/wk (# wks) 40 ± 2.0 (52 9.8 ± 1.2 ( 36 ± 1.9 (5 5.6 ± 1.2 (

Precipitation, cm/wk 1.6

Evapotranspiration, cm/w 1.9

April 1991–September 1991

Inflow, cm/wk (n=26) 37 ± 3.6 7.3 ± 1.6 37 ± 3.6 9.3 ± 1.6

Outflow, cm/wk (# wks)  33 ± 3.3 (2 4.9 ± 0.80 26 ± 2.2 (1 4.2 ± 2.1 

Precipitation, cm/wk 1.5

Evapotranspiration, cm/w 3.2

* Numbers are average ± standard error of weekly values.

surements and estimating techniques; (2) assess relative
significance of each component; (3) characterize the hy-
drologic functions of the experimental wetlands; and, (4)
provide hydrologic data for other research activities, such
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Figure 3 . Annual water budget summary for each
experimental wetland for water years 1990 and 1991.

as water quality analyses. Figure 3 shows the annual water
budget summary of the four experimental wetlands for
water years 1990 and 1991.

“The measuring techniques  and the estimating proce-
dures for the component parts work well; however, im-
provement needs to be made in estimating seepage and
bank storage,” concluded Hey.

The hydrologic budgets now available will facilitate
testing the possibility of using mean daily temperatures
alone to estimate the magnitude of evaporation. Because
temperature is a commonly measured parameter, an evapo-
ration function based on mean daily temperature could be
applied in almost any location in the United States.

The loading rates used over the past two years have
created no apparent stress to the chemical or biological
functions of the experimental wetlands. In terms of nutri-
ent removal and sediment trapping, the high loading rate
experimental wetlands performed as well as the low
loading rate experimental wetlands (see “Water Quality”
section below). It is clear that these loadings—and the
velocity of water movement through the experimental
wetlands—are below the threshold of the assimilative
capacity of the wetlands.

Despite the fact that the hydraulic loading rates have
not stressed the experimental wetlands, their perfor-
mance as watershed treatment systems has been quite
efficient. Consider, for example, that the annual runoff
for a typical watershed in northeastern Illinois is 27 cm
(11 in). Using this yield and the loading rates for the
experimental wetlands for 1990, the equivalent water-
shed served by each experimental wetland is calculated to
range from 207 ha (512 acres) for EW 3 (a high flow
experimental wetland) to 58 ha (143 acres) for EW 4 (a
low flow experimental wetland). On this basis, and given
the observed water quality performance of the wetlands,
it can be concluded that similar water quality results
could be realized if 1 to 4 percent of a watershed consisted
of wetlands. Calculated differently, based on the quantity
of water pumped from the river to the experimental
wetlands in water year 1990, the equivalent watershed
would be 478 ha (1,180 acres). Given the total wetland
area of 9.8 ha (25 acres), at a depth of 2.3 feet (0.70 m),
the wetland area would be 2 percent of the total watershed
acreage.

In other hydrological research, Robert H. Kadlec and
William V. Bastiaens injected lithium into the experi-
mental wetlands to study how residence time distribution
can be used to accurately calculate the detention time of
water in a wetland. Using this information, they then
developed an appropriate model to predict wetland per-
formance and to aid in the design of wetlands.

The nonideal flows inside EW 3 were modeled using
a combination of ideal chemical reactors, including plug
flow reactors. Scientists and engineers presently use only
the nominal detention time of plug flow reactors to
describe wetland hydrology. Actual detention times, how-
ever, were 65 to 85 percent of the theoretical detention
time estimated from flows and volumes of the wetlands.
The plug flow assumption produces conversions which
are as much as 60 percent in error.

“The calibrated model effectively simulated the ex-
perimental residence time distributions and matched the
experimental detention times,” Kadlec concluded. “The
model proves that the flow patterns inside the wetland are
nonideal and cannot be approximated as plug flow.”
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Water Quality

Because they trap sediments, remove nutrients, and even
absorb pesticides from surface waters, wetlands are used
as natural treatment systems. To better design and manage
these wetlands, explicit knowledge of the underlying
biochemical processes is needed by scientists and engi-
neers. Water quality monitoring and analysis at the project
were designed to provide long-term, systematic data on
the water quality functions of wetlands.

Concentrations of total suspended solids, volatile
suspended solids, nitrate-nitrogen, and total phosphorus
were measured at the inlets and outlets of the four experi-
mental wetlands for two growing seasons. Hey, working
with Ann L. Kenimer and Kirk R. Barrett, found that
constituent concentrations were consistently lower at the
outlets. Water temperature, however, did not show an
appreciable change between inlet and outlet.

Based on constituent mass balances for each experi-
mental wetland, average trap efficiencies were achieved
for the following: total suspended solids (92 percent);
nitrate-nitrogen (84 percent), and total phosphorus (85
percent). Long detention times—approximately 6 days—
and quiescent conditions were the principal factors for the
reduced total suspended solids (Figure 4).

Although the experimental wetlands were subjected
to a wide range of hydraulic loading rates, effluent water
quality from each wetland was similar. Variability of
constituent concentrations at the inlets was greater than at
the outlets. “The reduced variability in combination with
the stability of treatment effectiveness under the two
loading rates suggests that the experimental wetlands are
capable of providing substantially greater water quality
treatment than observed during 1990 and 1991,” con-
cluded Hey.

In other work, William J. Mitsch and his research
team studied the spatial variation of water quality and the
extent of dissolved materials and turbidity at the inflows
and outflows. For example, Figure 5 shows the high rates
of retention for phosphorus, representing a significant
improvement in water quality. “The Des Plaines River
site provides one of the first areas in which to examine the
processes of nutrient removal from nonpoint source pol-
lution in a constructed wetland,” Mitsch said. Because
wetlands have significantly greater spatial variation in the
water quality than lakes and rivers, these studies focused
on where nutrient removal is short-circuited.

Preliminary results from the work on spatial patterns
of water quality—particularly related to phosphorus and
nitrogen—are of interest. Based on spatial sampling in
1990, the high flow wetlands had consistently higher
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Figure 4. Total suspended solids of weekly water
samples taken during the growing season of 1991 at
the inlet and outlet of EW 4.
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concentrations of nutrients (soluble reactive phosphorus,
total phosphorus, and nitrate). There is some indication of
decreasing concentrations from inflow to outflow in the
high flow wetlands.

Intensive water quality sampling in spring and sum-
mer seasons showed general decreases in conductivity
and turbidity from inflow to outflow in both high and low
flow wetlands, lower conductivity at EW 4 (low flow)
than EW 5 (high flow) outfalls, lower conductivity and
turbidity with increases in river level, and little relation-
ship of dissolved or suspended materials to flood events.

Studies examining the spatial and temporal patterns
of nitrate loss were conducted by William G. Crumpton
and Richard Phipps. The field studies demonstrated the
considerable capacity of the experimental wetlands to
serve as nitrate sinks (Figure 6), and the experimental
microcosm studies (accompanying the field studies) dem-
onstrated the importance of nitrate concentration, tem-
perature, and location on rates of nitrate loss.

The resulting data were used to evaluate two empiri-
cal models describing nitrate flux as a linear function of
nitrate concentration and as either an exponential (meta-
bolically limited) or linear (diffusion limited) function of
temperature. The models explained approximately 75
percent of the variance in nitrate loss. “The results suggest
that nitrate loss can be described as a first order process
controlled by denitrifier activity, nitrate concentration,
and the effective length of the diffusion path for nitrate to
anaerobic sites,” wrote Crumpton and Phipps.

In other work, Kadlec and Herbert H. Alvord studied
the fate and transport of atrazine, a widely-used herbicide.
Field data indicated that the experimental wetlands were
effective in reducing atrazine concentrations to levels well
below the drinking water standard of 3 micrograms per
liter, even when the atrazine concentrations in the river
exceeded that standard.

The 1990 and 1991 data indicate that most of the
atrazine flux in the river followed rain events and was
associated with large flow surges. The atrazine measure-
ments for the Des Plaines River showed maximum con-
centrations in the range of 5 micrograms per liter for a few
days of each year, with much lower concentrations at other
times. Still, the highest concentration was about 200 times
lower than that required for acute toxicity to plants. The
observed concentrations do not appear to be a major threat
to the Des Plaines River ecosystems.

Laboratory studies conducted on materials collected
from the experimental wetlands showed that cattail litter
had a higher sorption capacity and higher disappearance
rate of sorbed atrazine than either river sediments or soil.
Therefore, to maximize its ability to retain atrazine, a

Figure 6. Nitrate-nitrogen concentrations for EW 3,
EW 4, and EW 5 for 1991.

wetland should be designed to be shallow with a uniform
flow field in order to provide maximum contact of the
water with the litter.

Soils and Sedimentation

To understand the impact of hydrology on the soils of
newly-developing wetland ecosystems, Mitsch and his
students conducted two soil and sedimentation studies.
One study emphasized the chemical transformations that
took place in the soils from 1988 (before the experimental
wetlands were filled with water) to 1990 (after water had
been in the basins for almost two years); another study
considered the spatial patterns of sedimentation in each of
the experimental wetlands.

With the exception of one experimental wetland,
phosphorus concentrations decreased dramatically near
the water inflow points during the two-year period after
flooding began, and showed a net increase near the out-
flows. Organic carbon generally showed an accumulation
near the inflow and either no net change or a decrease
adjacent to the outflow over the two years. “These data are
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some of the first ever recorded of soil chemistry immedi-
ately before and after flooding of constructed wetlands,”
Mitsch said.

In the study on spatial patterns, traps were used to
estimate gross rates of sedimentation in the experimental
wetlands. Rates of sedimentation were much higher than
expected based on concentrations of suspended sediment
in the influent of the experimental wetlands. “Several
factors contributed to the higher than expected sedimen-
tation rate, including internal autochthonous production
of organic matter and resuspension,” concluded researcher
M. Siobhan Fennessy

Although data from 1990 showed little variation of
sedimentation patterns based on flow rates, continued
study in 1991 did suggest that the high flow wetlands
retained more sediments than the low flow wetlands.
Locations nearest the areas of water inflow exhibited
higher deposition as a function of hydrologic loading; no
differences were evident near the outflows.

Higher sedimentation occurred in the open water
areas of all four experimental wetlands. This contrasts
with the conventional wisdom—based primarily from
studies of salt marshes—that vegetation promotes sedi-
mentation. “In this freshwater system, with no tidal flow
to limit the reach of sediments, deposition was heaviest in
open water zones where flow was not restricted. Preferen-
tial flow paths which develop around dense vegetation
carry the majority of the water flow and hence the sedi-
ment load,” Fennessey and Mitsch wrote.

In another study, Arnold G. van der Valk and
Thomas W. Jurik considered how sedimentation af-
fects seedlings, shoot density, leaf volume and height,
photosynthesis, and litter of cattail. They also exam-
ined sedimentation’s effect on seed germination. In
general they found that the larger the plant or plant part
in relation to the depth of sediment deposited, the less
likely the plant was to be adversely affected by sedi-
ment burial. Similarly, sedimentation at the rates mea-
sured at the Des Plaines site did not affect the rate of
cattail litter decomposition.

In greenhouse studies, sedimentation did appear to
put small seeds and seedlings at risk from burial. This
finding could have ecological significance because many
prairie wetlands undergo regular changes in vegetation
that are driven by changes in water levels: high water years
may drown out vegetation; drought years may cause
marshes to go dry (e.g., a draw-down). It is essential that
emergents from the seed bank be recruited during draw-
downs, concluded van der Valk and Jurik, otherwise the
seed bank may remain buried by sediment, effectively
destroying the wetland. Seedlings that have been estab-

lished during a draw-down may be at risk when wetlands
are reflooded, bringing in large quantities of sediment.

Productivity and Vegetation

To determine the effect of hydraulic loading rates on the
primary productivity of the water column in the experi-
mental wetlands, diurnal changes in dissolved oxygen
were measured twice monthly by Julie K. Cronk and
Mitsch during the 1990 and 1991 growing seasons. In
1991 the diurnal measurements were supplemented with
measurements of chlorophyll a in the water and periphy-
ton (attached algae) growth near the inflows and outflows
of all the experimental wetlands.

Aquatic productivity, which resulted in dramatic di-
urnal shifts in dissolved oxygen, appeared to be higher in
high flow experimental wetlands than low flow experi-
mental wetlands when data from the two years were
averaged. “This may illustrate one of the more interesting
results—namely, a positive feedback between hydrology
and the ecosystem's assimilative capacity,” Mitsch said.
“The higher the flow, the higher the productivity, the
better the wetland can retain chemicals such as nitrogen
and phosphorus.”

Greater production of periphyton (measured by the
weight of periphyton as well as by chlorophyll a) oc-
curred on artificial substrate in the high flow experimen-
tal wetlands rather than in the low flow experimental
wetlands (Figure 7) and nearer to the inflows than the
outflows. “This suggests that the design of wetlands
should consider that the capacity of the wetland to adsorb
nutrients may increase nonlinearly with loading rate, as
the loading rate itself enhances attached algal growth.
Greater attached algal growth near the inflow sediments
may accumulate near the inflow, creating a maintenance
problem,” concluded Cronk and Mitsch.

Mitsch et al. have been monitoring development of
macrophytes since 1988. Macrophyte productivity, as
estimated by peak biomass, has shown no clear relation-
ship to hydraulic loading rates: productivity increased in
the low flow experimental wetlands, and decreased in the
high flow experimental wetlands. This is just the reverse
of what one might anticipate. With the initiation of flood-
ing of the experimental wetlands, the number of macro-
phyte species common to all of the experimental wetlands
decreased from 1988 to 1989. An increase in wetland-
dependent macrophytes was noted in 1990, and by 1991
these species made up nearly 100 percent of the macro-
phyte population of each of the experimental wetlands.

Jurik also studied cattail growth, focusing on the
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and 1987. The purpose of this study was to determine
which plant species are members of which native com-
munities, and how to propagate these species in sufficient
numbers and diversity to restore such communities. “Many
of our native plant communities are dependent upon
complex hydrological, physicochemical, and pedologic
conditions,” wrote Wilhelm and Wetstein. “Determining
the extent to which these conditions can be brought
together with the living gene material to replicate a
natural plant community is the central goal of this aspect
of the project.”

Plant communities containing native species of wet
to mesic prairie, marsh, and riparian meadows were planted
in various hydrologic and soil contexts. Since the spring of
1988, these areas have been subjected to annual pre-
scribed fires. Changes in vegetation have been monitored
to determine the effects of fire and the success of the
restoration plantings.

Nearly all of the planted swales showed the same
general trends. With the exception of a seed bank experi-
ment in which the trends were depressed, increases in both
native diversity and species conservatism were noted. All
of the swales have changed markedly in species composi-
tion since 1987. Over the last four years, 25 to 50 percent
of the planted species have appeared, generally with more
appearing each year.

Animals

Four researchers examined the populations of inverte-
brates, herpetofauna, birds, and mammals at the newly-
established wetlands and environs to further understand
the processes and health of the wetland ecosystem. Rich-
ard V. Anderson characterized the zooplankton and
macroinvertebrate communities in terms of taxa composi-
tion, density and diversity. The zooplankton and
macroinvertebrate communities in the experimental wet-
lands were well developed and typical of many natural
wetland communities by the end of the sampling period.
Forty-four zooplankton taxa were collected during the
study period, with mean densities ranging from a low of 31
per liter in the river samples to a high of 225 per liter in the
vegetated habitat samples of EW 3 (Figure 8). Cladocer-
ans, particularly Bosminia and Alona, were abundant in
the experimental wetlands, while rotifers were dominant
in the river.

Macroinvertebrate community composition indicated
distinct differences between the experimental wetlands
and the river, even though water levels in the wetlands
were maintained by pumping from the river. Kicknet and

sources of variation in growth and photosynthesis. Devel-
opment of cattail stands and other types of vegetation has
been variable among the experimental wetlands due to
heterogeneity in the initial conditions when the experi-
mental wetlands were created. This heterogeneity, plus
the innate variation in cattail, has made it impossible to
distinguish any effects of hydraulic flow regimes on
cattails.

Measurements of photosynthesis were directed pri-
marily toward understanding sources of variation in pho-
tosynthetic activity, with the view of establishing a data-
base useful to eventual modeling of ecosystem level
photosynthetic responses. Leaves were mainly produced
from mid-April through late June; leaves were rarely
produced after June. Total dry biomass of shoots in-
creased from May through September, with no consistent
pattern of differences among shoots from different experi-
mental wetlands. The fraction of biomass devoted to leaf
bases and leaves peaked in June and July and then de-
clined; whereas, the fraction of biomass devoted to under-
ground parts (rocks and tubers) reached a minimum in
July and increased over the remainder of the growing
season.

The final vegetation study, conducted by Gerould S.
Wilhelm and Linda A. Wetstein, assessed the floristic
quality of seven plant communities established in 1986
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censusing revealed that two state endangered species—
Least Bittern and Yellow-headed Blackbird—were nest-
ing on the site, and that three state endangered species—
Pied-billed Grebe, Great Egret, and Black-crowned Night
Heron—had visited the site during the breeding season.

Postrestoration censusing also revealed that there had
been a 400 percent increase in the number of species of
waterfowl (Figure 9), and an approximately 4,000 percent
increase in the numbers of waterfowl using the site during
spring migration.

Mammals were censused by John A. Yunger. He
observed a general increase in the abundance of aquatic
and semiaquatic mammal species in the riverine environ-
ment when comparing the 1985 survey to the 1991
survey. The experimental wetlands were colonized rap-
idly by muskrats, and visited frequently by raccoons and
mink. The Des Plaines River also was visited by mink and
raccoons, particularly along the regraded riparian zone.
Successional changes in an unmanaged woodland and
old field were accompanied by changes in the mamma-
lian species composition. There was little change in the
mammalian fauna of the floodplain forest.

Ecosystem Model

One of the goals of the project is to integrate the results of
the research into an ecosystem view of constructed wet-

Figure 8 . Mean density of zooplankton in the river
and the vegetated habitats of the experimental wet-
lands.

dredge samples yielded 127 macroinvertebrate taxa of
which 18 were unique to the river, and 42 unique to the
experimental wetlands. Although the experimental wet-
lands had high densities of chironomid larvae, more than
60 percent of the macroinvertebrates were snails, particu-
larly Physa and Gyraulus. River samples, however, were
dominated by oligochaetes (worms). “Snails are often an
important part of both temporary and permanent wetland
habitats,” Anderson wrote. “The presence and density of
the snails indicate these experimental wetlands have
already developed a mature macroinvertebrate commu-
nity.”

During a two-year survey of herpetofauna by Michael
J. Corn, 14 species of amphibians and reptiles were found
on the project site. Most common were American toads,
leopard frogs, bullfrogs, snapping turtles, softshell turtles,
and eastern garter snakes. Another four amphibian spe-
cies, and five species of reptiles have been found in nearby
areas, and are expected to be found on the project area in
the future.

Scott C. Hickman censused birds on the site before
and after restoration and construction of the experimental
wetlands. Prerestoration (1985) censusing indicated that
no endangered or threatened species nested within the
project area, and that use of the site by migratory water-
fowl was minimal. Postrestoration (1990 and 1991)

Figure 9. Number of species of waterfowl visiting
the site during 1985, 1990, and 1991 spring cen-
suses.
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lands for nonpoint source pollution control. Initial efforts
by Mitsch et al. dealt with constitutent budgets developed
for carbon, sediments, and phosphorus. These were com-
bined in a preliminary simulation model developed prin-
cipally from 1990 data. The budgets give some interesting
comparisons, and the model has enabled researchers to
identify some of the key pathways and variables to achieve
some understanding of how constructed and restored
wetlands function. Some findings include:

• Aquatic plant production within the experimental wetlands
generally contributed 3 to 51 times more organic carbon to the
experimental wetlands than did the inflow of 1991.
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• Phosphorus mass retention of 0.4 to 3.6 g P m-2 y-1 is
comparable to that of natural riparian wetlands, and
may be near the optimum phosphorus retention for
artificial wetlands.

• The model predicted a decrease in phosphorus reten-
tion from 67 to 37 percent for EW 5 when the flow is
increased by a factor of 4. Mass retention, however,
doubled, from 1.5 to 3.3 g P m-2 y-1, based on 1990 data.
Actual conditions in 1991 showed a more efficient
retention than predicted by the model using 1990 data.
The removal of carp in the winter of 1991 probably
contributed to this difference.


