
Wetlands in Agricultural Landscapes 

 330

Although recovery was not related to years since 
restoration, comparisons of restored wetlands with 
reference wetlands suggest that recovery potential may be 
inversely related to the extent of wetland drainage and 
intensive agriculture that varies spatially in the prairie 
pothole region. Our research suggests that periodic 
drawdowns of semi-permanent restored wetlands may be 
needed to promote production and development of 
invertebrate egg banks. Inoculation of restored wetlands 
may also be needed in areas where extensive wetland 
drainage has resulted in fewer wetland habitats to provide 
sources of passively dispersed eggs to newly restored 
wetlands. 
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1095. Mallard recruitment in the agricultural 
environment of North Dakota. 
Cowardin, L. M.; Gilmer, D. S.; and Shaiffer, C. W. 
Wildlife Monographs 92: 1-37. (1985) 
NAL Call #:  410 W64; ISSN: 0084-0173 
Descriptors:  Anas platyrhynchos (Anatidae)/ wildlife 
management/ population recruitment implications/ 
agricultural land/ nesting site/ agricultural habitat usage/ 
breeding season/ nest initiation curves/ reproductive 
productivity/ population dynamics/ recruitment/ habitat 
preference/ nesting/ agricultural environment/ semiaquatic 
habitat/ wetland/ grassland/ cultivated land habitat/ 
agricultural population recruitment and management/ North 
Dakota/ population recruitment/ management implications/ 
agricultural habitat 
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1096. A method to prioritize and monitor wetland 
restoration for water-quality improvement. 
Almendinger, J. E. 
Wetlands Ecology and Management 6(4): 241-251. (1999) 
NAL Call #:  QH541.5.M3 W472; ISSN: 0923-4861 
Descriptors:  wetlands/ environmental restoration/ water 
quality/ runoff/ reclamation/ habitat improvement/ nature 
conservation/ site selection/ water quality control/ 
hydraulics/ benefits/ land management/ agriculture/ 
phosphorus/ nitrogen/ environment management/ USA/ 
USA, Minnesota R.  
Abstract:  Wetland restoration can improve water quality by 
reducing concentrations of sediment, total phosphorus, and 
nitrate in runoff. Managers need a simple method to choose 
among many possible restoration sites, particularly in large 
agricultural basins covering thousands of square 
kilometers. The purpose of this paper is to outline a method 
for prioritizing and monitoring wetland restoration sites in 
light of the factors that affect water-quality improvement by 
wetlands. These factors are categorized as loading factors, 
path factors, and process factors. The method for 
prioritizing wetland restoration sites depends primarily on 
assessing the potential effectiveness of the wetland for 
improving water quality. Three types of effectiveness are 
considered: problem effectiveness (is the site in an area 
with known water-quality problems?), function effectiveness 
(is the site likely to improve water quality more or less than 
other sites?), and information effectiveness (does the site fit 
within an overall research plan to gain information on how 
wetlands improve water quality?). The variables of 
hydraulic residence time, hydraulic flux, and wetland area, 
volume, and average depth are combined into a single 
variable termed epsilon and used as a proxy for estimating 

the relative function effectiveness of potential restoration 
sites. Monitoring restoration sites is targeted at establishing 
a minimum data set that can be collected consistently at 
different sites over time, and that can be used for inter-site 
comparison with simple statistical techniques. The 
Minnesota River Basin is used as an example throughout to 
demonstrate the types of data that are available to plan 
wetland restoration. While this paper focuses on the water-
quality benefits, wetland restoration should be a multi-
disciplinary effort to integrate other benefits of restoration, 
such as improvement of wildlife habitat and flood 
abatement. 
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1097. Natural revegetation during restoration of 
wetlands in the southern Prairie Pothole Region of 
North America. 
Galatowitsch, S. M. and  van der Valk, A. G. 
In: Restoration of Temperate Wetlands/ Wheeler, Bryan D.; 
Shaw, Susan C.; Fojt, Wanda J.; and Robertson, R. Allan. 
New York: John Wiley & Sons, 1995; pp. 129-142 
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1098. Nitrogen transformation and fate in prairie 
wetlands. 
Crumpton, W. G. and Goldsborough, L. G. 
Great Plains Research 8(1): 57-72. (1998) 
NAL Call #:  QH104.5.G73 G755; ISSN: 1052-5165  
Abstract:  Agricultural applications of fertilizers and 
pesticides have increased dramatically in the prairie pothole 
region since the middle 1960s, and agrochemical 
contamination of surface and groundwater has become a 
serious environmental concern. There is growing interest in 
the potential of prairie wetlands as sinks for excess 
nutrients in this agricultural landscape. As much as 50% of 
the fertilizer nitrogen applied to cultivated crops may be lost 
as nitrate in agricultural drainage water, and prairie 
wetlands may be especially effective as nitrate sinks. The 
effectiveness of prairie wetlands as sinks for nonpoint 
source nitrogen loads is likely to depend on the magnitude 
of nitrate loads and the capacity of the wetlands to remove 
nitrate by dissimilatory processes. Performance forecast 
models are needed to evaluate the effectiveness of prairie 
wetlands as nitrogen sinks from a watershed scale 
framework. This will be made significantly more difficult by 
the spatial and temporal complexity of prairie pothole 
wetlands and by their hydrologic diversity. Future research 
should focus on identifying the principal factors controlling 
nitrogen transformation in prairie wetlands and on 
developing general predictive tools for modeling nitrogen 
fate in these systems. 
© 2006 Elsevier B.V. All rights reserved. 

1099. Nutrient retention in a northern prairie marsh 
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industrial wastewater. 
White, J. S. and Bayley, S. E. 
Water, Air, and Soil Pollution 126(1-2): 63-81. (Feb. 2001) 
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industrial wastes/ domestic wastes/ nutrients (mineral)/ 
agricultural pollution/ biodegradation/ eutrophication/ 
seasonal variations/ ice cover/ temperature effects/ 
industrial waste waters/ Canada, Alberta, Frank L./ prairie 
marshes/ freshwater pollution/ wastewater treatment 
processes/ characteristics, behavior and fate/ sewage  
Abstract:  Agro-industrial wastewater and municipal sewage 
were used to restore Frank Lake, a 1246 ha northern prairie 
marsh in southern Alberta, Canada, to provide waterfowl 
habitat and improve water quality. Mean annual inflow 
wastewater nutrient concentrations were 17 mg L super(-1) 
NH sub(3)-N, 30 mg L super(-1) NO sub(3)-N and 11 mg L 
super(-1) SRP. Mean flows greater than 5000 m super(3) 
day super(-1) loaded the marsh with 23 000 kg of P 
annually. Summer NH sub(3)-N, NO sub(3)-N and total 
phosphorus (TP) surface water concentrations were 
decreased by 76, 87 and 64%, respectively, as waters 
flowed through the first basin of the marsh. Winter 
treatment was less successful, with surface water NH 
sub(3)-N, NO sub(3)-N and TP reductions of 46, -26 
(export) and 26%, respectively. Short-circuiting of water 
flow through the marsh and cold seasonal conditions with 
ice cover caused spatial and temporal variation in marsh 
treatment. Continued high loadings to the marsh may lead 
to sediment saturation, eutrophication or phosphorus export 
from the marsh. 
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bibliographical references and index. 
NAL Call #:  QH75.G35 1994; ISBN: 0813824990 
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1102. The role of water depth and soil temperature in 
determining initial composition of prairie wetland 
coenoclines. 
Seabloom, E. W.; Van Der Valk, A. G.; and Moloney, K. A. 
Plant Ecology 138(2):  203-216. (Oct. 1998) 
NAL Call #:  QK900.P63; ISSN: 1385-0237 
Descriptors:  wetlands/ prairies/ soil temperature/ water 
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seedlings/ principal component analysis/ tolerance/ 
elevation/ correlation analysis/ seeds/ germination/ soils/ 
temperature effects/ community composition/ aquatic  
 

plants/ USA, Iowa/ species richness/ water and plants/ 
habitat community studies  
Abstract:  In this study, we examined the effects of water 
depth and temperature on seedling recruitment from a 
prairie wetland seed bank. We collected seed-bank 
samples from natural and restored prairie pothole wetlands 
in northwestern Iowa and combined them into a single 
sample. We examined seedling recruitment from this seed-
bank sample in an experimental study using a factorial 
design of 4 temperature treatments (5 degree night and 15 
degree day to 20 degree night and 30 degree day) and 3 
water-depth treatments (0, 2, and 7 cm). Principal 
Components Analysis showed that both water depth and 
temperature had significant effects on the composition of 
the seedling community as measured by changes in 
relative stem density and biomass. Water depth had its 
strongest effects on stem density while temperature had its 
strongest effects on biomass. For the 22 most common 
species, stem density varied with water depth for 95% of 
the species and with temperature for 50% of the species. 
Most species with water depth responses had lower stem 
counts as water depth increased, and for the majority of 
species with temperature responses stem density 
increased with temperature. Total, annual, and perennial 
species richness was negatively correlated with water 
depth. Total and annual species richness was positively 
correlated to temperature, while perennial species richness 
was unresponsive to temperature. In addition, species 
found at low elevations as adults emerged at higher rates in 
the deep water treatments while species that occurred at 
higher elevations as adults had their highest emergence 
rates in the low water treatments. Our results suggest that 
differences in environmental conditions along coenoclines 
can affect the initial distribution of species emerging from 
the soil seed bank. Water depth sorted seedlings according 
to their adult water-depth tolerances, and temperature 
determined the proportion of annuals in the seedling 
community. 
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1103. A synoptic assessment for prioritizing wetland 
restoration efforts to optimize flood attenuation. 
McAllister, L. S.; Peniston, B. E.; Leibowitz, S. G.; 
Abbruzzese, B.; and Hyman, J. B. 
Wetlands 20(1): 70-83. (Mar. 2000) 
NAL Call #:  QH75.A1W47; ISSN: 0277-5212 
Descriptors:  wetlands/ rehabilitation/ indicators/ 
optimization/ synoptic analysis/ prairies/ assessments/ 
mapping/ priorities/ flood control/ potholes/ flood plains/ 
regional planning/ environment management/ 
environmental restoration/ flooding/ USA, north central/ 
renovation/ maps and mapping/ USA, Prairie Pothole 
Region/ streamflow and runoff/ conservation/ protective 
measures and control/ reclamation/ environmental action/ 
water resources and supplies  
Abstract:  The placement of wetland restoration projects in 
a landscape to optimize the functional performance of 
wetlands on a regional scale is often overlooked. To 
address this problem, the U.S. Environmental Protection 
Agency's Landscape Function Project developed the 
synoptic approach to assign restoration priority to 
landscape subunits according to selected functional criteria. 
The approach provides a flexible, ecologically-based 
framework for allocating limited restoration-resources and 
preserving valued wetland functions on a landscape scale. 
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We conducted a synoptic assessment of the Prairie Pothole 
Region of the north-central U.S. to demonstrate application 
of the method for our assessment criterion - the marginal 
decrease in total downstream flood volume per restoration 
dollar. A criterion is often not directly measurable but can 
be represented by an index composed of measurements on 
related variables. In a synoptic assessment, these 
measured variables, referred to as indicators, are limited to 
variables for which data are existing, accessible, and 
uniformly available for the entire region. We developed a 
conceptual model to guide the development of an index of 
the assessment criterion. We then ranked landscape 
subunits based on index values and mapped the ranks to 
show relative priority for restoration among landscape 
subunits. We conducted a series of analyses to justify 
selection of indicators and some of our assumptions. The 
approach offers multiple options for processing and 
displaying information for use by wetland managers. 
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1104. A test of two annual cover crops for controlling 
Phalaris arundinacea invasion in restored sedge 
meadow wetlands. 
Perry, Laura G. and Galatowitsch, Susan M. 
Restoration Ecology 11(3): 297-307. (2003) 
NAL Call #:  QH541.15.R45R515; ISSN: 1061-2971 
Descriptors:  annual cover crop value/ invasive species 
control/ restoration ecology/ sedge meadow  
wetlands restoration  
Abstract:  Rapid establishment by aggressive plants such 
as Phalaris arundinacea (reed canarygrass) often interferes 
with sedge meadow establishment in restored prairie 
pothole wetlands in the mid-continental United States. 
Introducing a cover crop during community establishment 
might suppress P. arundinacea invasion in restored prairie 
potholes by reducing resource availability. We evaluated 
two potential cover crops, Echinochloa crusgalli 
(barnyardgrass) and Polygonum lapathifolium (nodding 
smartweed), for suppressing P. arundinacea invasion in an 
experimental wetland using replacement series competition 
experiments. Further, we assessed the effects of E. 
crusgalli and P. lapathifolium on sedge meadow 
establishment by sowing Carex hystericina, a common 
wetland sedge, as a third species at a constant density in 
the replacement experiments. Echinochloa crusgalli, 
compared with no cover crop, reduced P. arundinacea 
biomass by more than 1,000 g/m2 (65%) after two growing 
seasons. Polygonum lapathifolium did not affect P. 
arundinacea biomass. Dense E. crusgalli canopies in the 
first year and thick E. crusgalli thatch in the second year 
substantially reduced light availability for P. arundinacea 
establishment. Echinochloa crusgalli also reduced C. 
hystericina biomass by more than 1,800 g/m2 (99%) after 
two growing seasons. Carex hystericina biomass was 
similar in plots sown with E. crusgalli to P. arundinacea 
monocultures. Neither E. crusgalli nor P. lapathifolium is 
likely to improve sedge meadow restoration success. These 
trends were not sensitive to initial sowing density or 
elevation above water level. Without methods to suppress 
P. arundinacea invasions, sedge meadow restorations may 
often fail. Thorough site preparation to remove P. 
arundinacea propagule sources before restoration is 
essential. 
© The Thomson Corporation 

1105. Vegetation and environmental conditions in 
recently restored wetlands in the Prairie Pothole 
Region of the USA. 
Galatowitsch, S. M. and  Van Der Valk, A. G. 
Vegetatio 126(1-4): 89-99. (1996) 
NAL Call #:  450 V52; ISSN: 0042-3106. 
Notes: Conference: 6. International Congress of Ecology, 
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management/ soils/ community composition/ dispersion/ 
environmental conditions/ surface water/ flooding/ 
vegetation patterns/ environmental restoration/ 
environmental quality/ vegetation/ water level fluctuations/ 
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Abstract:  How closely the vegetation of restored wetlands 
resembles that of comparable natural wetlands is a function 
of the probability of propagules of wetland species reaching 
reflooded wetlands and how similar environmental 
conditions in the restored wetland are those in the natural 
wetlands. Three years after reflooding, we examined the 
vegetation composition, water level fluctuations, soil 
organic carbon content, and soil bulk density as well as 
surface water pH, alkalinity, conductivity, and calcium and 
magnesium concentrations of 10 restored and 10 natural 
wetlands. In the restored wetlands, more species of 
submersed aquatics colonized than were found in natural 
wetlands, and they rapidly spread to form extensive beds 
that were larger than those found in natural wetlands. 
Emergent and wet meadow species in restored wetlands, 
however, were found in only sparse stands as were a 
variety of annuals. The vegetation of natural wetlands was 
predominantly large stands of emergent species. 
Fluctuations in water storage volume and basin surface 
area were similar for both restored and natural wetlands. 
The surface water in restored wetlands had higher pH and 
lower alkalinity, conductivity, and calcium and magnesium 
concentrations than that in natural wetlands. Soils of 
restored wetlands have a lower organic carbon content and 
higher bulk density than do those of natural wetlands. Our 
results suggest that for submersed aquatics, dispersal of 
propagules to restored wetlands is rapid and environmental 
conditions in restored wetlands are very suitable for their 
establishment. For other guilds of wetland species, e.g., 
sedges and other wet meadow species, dispersal to 
restored wetlands is likely much slower and may pose a 
serious problem for the re-establishment of these species in 
restored wetlands. Even if dispersal is not limiting, low 
surface organic carbon and high bulk density may prevent 
the establishment of these species in restored wetlands. 
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measurements/ watersheds/ nitrogen/ environmental 
restoration/ atrazine/ USA, Iowa, Walnut Creek/ USA, Iowa, 
Walnut Creek/ USA, Iowa/ conservation, wildlife 
management and recreation/ effects on water of human 
nonwater activities/ water quality/ freshwater pollution  
Abstract:  Land use and surface water data for nitrogen and 
pesticides (1995 to 1997) are reported for the Walnut Creek 
Watershed Monitoring Project, Jasper County Iowa. The 
Walnut Creek project was established in 1995 as a 
nonpoint source monitoring program in relation to 
watershed habitat restoration and agricultural management 
changes implemented at the Neal Smith National Wildlife 
Refuge by the U.S. Fish and Wildlife Service. The 
monitoring project utilizes a paired-watershed approach 
(Walnut and Squaw creeks) as well as 
upstream/downstream comparisons on Walnut for analysis 
and tracking of trends. From 1992 to 1997, 13.4 percent of 
the watershed was converted from row crop to native 
prairie in the Walnut Creek watershed. Including another 6 
percent of watershed farmed on a cash-rent basis, land use 
changes have been implemented on 19.4 percent of the 
watershed by the USFWS. Nitrogen and pesticide 
applications were reduced an estimated 18 percent and 28 
percent in the watershed from land use changes. Atrazine 
was detected most often in surface water with frequencies 
of detection ranging from 76-86 percent. No significant 
differences were noted in atrazine concentrations between 
Walnut and Squaw Creek. Nitrate-N concentrations 
measured in both watersheds were similar; both basins 
showed a similar pattern of detection and an overall 
reduction in nitrate-N concentrations from upstream to 
downstream monitoring sites. Water quality improvements 
are suggested by nitrate-N and chloride ratios less than one 
in the Walnut Creek watershed and low nitrate-N 
concentrations measured in the subbasin of Walnut Creek 
containing the greatest amount of land use changes. 
Atrazine and nitrate-N concentrations from the lower portion 
of the Walnut Creek watershed (including the prairie 
restoration area) may be decreasing in relation to the 
upstream untreated component of the watershed. The 
frequencies of pesticide detections and mean nitrate-N 
concentrations appear related to the percentage of row 
crop in the basins and subbasins. Although some results 
are encouraging, definitive water quality improvements 
have not been observed during the first three years of 
monitoring. Possible reasons include: (1) more time is 
needed to adequately detect changes; (2) the size of the 
watershed is too large to detect improvements; (3) land use 
changes are not located in the area of the watershed where 
they would have greatest effect; or (4) water quality 
improvements have occurred but have been missed by the 
project monitoring design. Longer-term monitoring will allow 
better evaluation of the impact of restoration activities on 
water quality. 
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