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Summary 

The objective of this project was to identify candidate reference wetlands in Missouri using 

existing landscape-level data, and begin development of a quantitative, scientifically defensible 

method to determine candidate reference site conditions in Missouri wetlands.  The study was 

restricted to non-forested, palustrine wetlands greater than 10 acres in size, within the 

Missouri River and major tributary floodplains situated in the Western Corn Belt Plains and 

Central Irregular Plains ecoregions. A GIS-based assessment of land use within a 250m buffer 

around each potential wetland was applied to select for field assessment two groups of 

wetlands ς a group with high agricultural influence and a more natural group with low 

agricultural impact that could serve as reference wetlands.  A third group of hand-picked 

wetlands considered by best professional judgment to be of good quality was also field 

assessed.  Twenty-six wetlands were field-assessed once each during this project.  Resulting 

water chemistry and biological data were statistically analyzed to determine if the GIS-based 

assessment adequately differentiated the more natural wetlands from those under heavy 

agricultural influence.  We expected the more natural grouping to have higher 

macroinvertebrate diversity, greater wetland plant diversity and more obligate species, and 

better water quality than the agricultural sites.  However, the only meaningful relationship we 

found was that agricultural sites had fewer obligate wetland plant species than either natural or 

hand-picked wetlands, which could be related to the isolation of the agricultural wetlands.  

Refining land use metric application and increasing the number of sampling events might 

increase the power of these methods to discern reference wetland sites which in turn would 

provide data to develop scientifically defensible water quality standards for wetlands. 

 

Background 

Wetlands provide key habitats for amphibians, fish, waterfowl, and aquatic invertebrates, while 

also providing essential ecosystem services for human uses.  Reduction of floodplain 

connectivity, channelization and damming, wetland draining, and human development have 

dramatically reduced the amount of wetland habitat available in Missouri, leading to degraded 

conditions and loss of aquatic biodiversity.  Remaining wetlands in the state vary in functioning 

and degree of human impact; however, designated standards for water quality and habitat 

conditions have not been set for Missouri wetlands. 

 

The Environmental Protection Agency (EPA) has instituted a national effort to encourage and 

support the development of state wetland programs, and has identified four core elements (the 

Core Elements Framework) that comprise and strengthen effective state and tribal wetlands 

programs (EPA 2009).  One of these core elements is the development of scientifically 

ŘŜŦŜƴǎƛōƭŜ ǿŀǘŜǊ ǉǳŀƭƛǘȅ ǎǘŀƴŘŀǊŘǎ ŦƻǊ ǿŜǘƭŀƴŘǎΦ  !ƭǘƘƻǳƎƘ aƛǎǎƻǳǊƛΩǎ ǿŀǘŜǊ ǉǳŀƭƛǘȅ ǎǘŀƴŘŀǊŘǎ 

define and address wetlands in general, Missouri currently does not have water quality 
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standards for wetlands, including wetland-specific designated uses, criteria to protect those 

uses, and a dataset of classified wetlands to which these uses and criteria would apply.  A lack 

of water quality and other supporting data necessary to classify and identify wetland uses 

currently precludes development of wetlands-specific water quality standards at this time. 

 

As part of its Water Quality Standards triennial review process, the MDNR will consider 

establishment of wetland water quality standards.  The goal of this grant project is to establish 

a set of reference wetlands in Missouri, with potential emphasis on riparian wetlands in 

floodplains of the Missouri River and its tributaries.  Reference wetlands identified in these 

systems may be used as a foundation upon which to base wetland water quality standards 

(appropriate designated uses, numeric criteria to protect those uses, and antidegradation) and 

establish an Index of Biotic Integrity for wetlands in Missouri. 

 

LiDAR elevation dataset preparation and processing 

The study area includes the Missouri River floodplain along with major tributary floodplains 

flowing in from the north and inside the Missouri state boundary (Figure 1).  To help identify 

the target wetland population, a study area mask for these floodplains was developed using 

GIS.  To ensure proper watershed size (flow accumulation) determination for stream network 

delineation, LiDAR bare earth elevation data were obtained for a bigger region that included 

parts of Iowa (https://programs.iowadnr.gov/nrgislibx/), Nebraska 

(https://dnr.nebraska.gov/data/elevation-data), and Kansas (https://www.kansasgis.org/), in 

addition to Missouri (USDA Natural Resources Conservation Service, personal communication 

and custom data transfer).  The state-specific LiDAR data were mosaicked and projected to a 

common 10 m grid in the UTM15N projection. These state-specific elevation datasets were 

inspected for holes; 1179 small areas of missing data (1034 in NE, 145 in MO) were identified 

and filled in using nearby data interpolated across the missing areas using triangulated irregular 

networks. Following hole-filling, the state-level datasets were mosaicked to create a single 

elevation coverage for the study area. Four additional holes along state collection boundaries 

were identified and filled in, and the data were then reprojected to a 30 m grid to facilitate 

large area processing. 

 

https://programs.iowadnr.gov/nrgislibx/
https://dnr.nebraska.gov/data/elevation-data
https://www.kansasgis.org/
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Figure 1. Study area includes the floodplains of the Missouri River and its primary tributaries 
(minimum catchment = 640 km2) flowing in from the north.  The LiDAR elevation dataset 
assembled for the project is shown in the background. 

 

Two data gaps along the Missouri River floodplain (primarily in Gasconade and Osage counties) 

were filled in using data downloaded from the USGS National Elevation Dataset (NED).  Next, 

the dataset was examined for hydro-enforcement needs, whereby obstructed flow passages 

(typically occurring at bridges or culverts) are breached in the elevation dataset to facilitate 

accurate hydrologic processing.  To identify possible locations warranting hydro-enforcement, 

9611 depressions were identified throughout the study area that had a maximum depth of at 

least 2 m.  Upon inspection, 80 were found to occur within the study area floodplains using a 

preliminary floodplain extent map.  These obstructions were punctured (breached) in the 

elevation dataset using standard GIS processing techniques. 
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With the LiDAR elevation dataset prepared as described above, it was then subjected to basic 

hydrologic processing (Jenson and Domingue 1988) to obtain the data layers needed for 

floodplain mapping (Task 1).  First, all depressions were filled using the Arc Hydro Tools 

extension for ArcGIS.  Next, pixel-level D8 flow direction was determined for the depressionless 

elevation dataset.  Lastly, the flow direction raster was used to determine pixel-level flow 

accumulation (catchment size) values.  Through inspection and trial and error, a minimum 

catchment threshold of 640 km2 was determined to provide a reasonable representation of the 

desired stream network corresponding to the major drainages across the study area, while also 

capturing the majority of the hand-picked candidate wetland sites on the list provided by 

MDNR. 

 

For the final data preparation step in advance of floodplain mapping, the stream network was 

pared to exclude reaches outside of the study area (i.e. stream segments outside of Missouri or 

south of the Missouri River were deleted).  The remaining stream network was then processed 

ǳǎƛƴƎ ǘƘŜ C[5t[b όάCƭƻƻŘǇƭŀƛƴέύ ƳƻŘŜƭ όYŀǎǘŜƴǎ нллуΣ ²ƛƭƭƛŀƳǎ Ŝǘ ŀƭΦ нлмоύΦ Depth to flood 

(DTF) is the key parameter for FLDPLN, which estimates inundation extent at various river stage 

values using basic hydrologic flow principles applied to a targeted stream reach.  The larger the 

maximum DTF value, the greater the inundated area.  DTF is analogous to a river stage value 

using stream pixel elevations as location-specific datum values.  Through inspection and 

previous research in the study area, we determined that a maximum DTF value of 16 m well 

captured the Missouri River floodplain (valley floor) extent, whereas a maximum DTF value of 

12 m was appropriate for capturing all of the tributary floodplain extents.  The total merged 

floodplain extent using these DTF values is shown in Figure 1.  This floodplain mask was 

subsequently used to identify floodplain wetlands, which were the original target of this study. 

 

Wetland Target Population Development (Task 2) 

The National Wetland Inventory (NWI) polygon dataset for Missouri was downloaded from the 

USFW data portal (https://www.fws.gov/wetlands/).  Clipping the NWI to the study area 

envelope, the initial wetland population consisted of 366,471 features.  Several additional 

restrictions were imposed to determine the target population, which was defined to be non-

forested, palustrine wetlands at least 5 acres in size and which occurred in the floodplains of 

the study area stream network.  Application of these criteria resulted in a target population 

consisting of 3485 NWI features.  Twenty-six preferred (hand-picked) sampling sites were 

provided by MDNR, of which six were not represented in the reduced NWI dataset.  These 

features were added (four from NWI that did not satisfy all the selection criteria, plus two 

manually delineated using aerial imagery and LiDAR), bringing the total to 3488 wetland 

features. 

 

https://www.fws.gov/wetlands/
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General incongruence between wetland polygons and corresponding features visible in LiDAR 

prohibited the delineation of meaningful, wetland-specific catchments to use for wetland 

landscape characterization (Figure 2).  Consequently, a traditional fixed-width buffering 

approach (250 m in this case) was used instead to identify wetland contributing area (Task 3). 

 

 
Figure 2. National Wetland Inventory (NWI) boundaries and 250m buffers for study sites 2883 
(north) and 2810 (south) (polygons 5002 and 2729, respectively, in the associated shapefile).  
The background on the left is NAIP 2010 imagery; the background on the right is LiDAR shaded 
relief.  General incongruence between wetland polygons and corresponding features visible in 
LiDAR prohibited the delineation of wetland-specific catchments to use for wetland landscape 
characterization. 

 

Land cover data from the USGS National Land Cover Dataset 2011 (NLCD; Homer et al. 2015) 

were extracted for each buffered wetland area. These land cover data were then transformed 

to values reflective of their nutrient loss potential (EPA 2002) and degree of landscape 

disturbance (Brown and Vivas 2005).  

 

Using information from Table 1 in EPA 2002, estimated nitrogen loss rates (NLR) and 

phosphorous loss rates were (PLR) were assigned to each land cover class found in the study 

areaΩǎ NLCD data (Table 1, Task 4).  Landscape Disturbance Index (LDI) coefficients were 

similarly assigned to NLCD classes using information found in Table 2 of Brown and Vivas 2005 

(Table 1).  Zonal average NLR, PLR, and LDI values were computed for each buffered wetland 

polygon to obtain representative values for each wetland (Figure 3).  
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Table 1Φ [ŀƴŘ ŎƻǾŜǊ ŎƭŀǎǎŜǎ ƛƴ ǘƘŜ ǎǘǳŘȅ ŀǊŜŀΩǎ ¦{D{ bŀǘƛƻƴŀƭ [ŀƴŘ /ƻǾŜǊ 5ŀǘŀǎŜǘ нлмм όb[/5ύΣ 
with potential nitrogen (N_coef) or phosphorus (P_coef) loss rates (kg/ha/yr) (from Table 1 EPA 
2002) and landscape development intensity index coefficients (LDI_coef, from Table 2 Brown 
and Vivas).  Where two LDI classes are listed, an average value was used. 

NLCD_code NLCD_class N_coef P_coef NLI_class LDI_coef LDI_class1 LDI_class2 

11 Open Water 0.00 0.0000 
Not 
Applicable 1.00 

Natural open 
water   

12 
Perennial 
Ice/Snow 0.00 0.0000 

Not 
Applicable 1.00 

Natural open 
water   

21 
Developed, Open 
Space 0.55 0.0190 Mixed 4.37 

Recreational/open 
space - low-
intensity (1.83) 

Single family 
residential - 
low-density 
(6.9) 

22 
Developed, Low 
Intensity 0.55 0.0190 Mixed 7.47 

Single family 
residential - 
medium density   

23 

Developed, 
Medium 
Intensity 0.79 0.0300 

Mostly 
urban 7.78 

Single family 
residential - high 
density (7.55) 

Low-intensity 
commercial 
(8) 

24 
Developed High 
Intensity 0.79 0.0300 

Mostly 
urban 9.18 

High-intensity 
commercial   

31 
Barren Land 
(Rock/Sand/Clay) 0.00 0.0000 

Not 
Applicable 1.00 Natural system   

41 Deciduous Forest 0.44 0.0085 
Natural 
vegetation 1.00 Natural system   

42 Evergreen Forest 0.44 0.0085 
Natural 
vegetation 1.00 Natural system   

43 Mixed Forest 0.44 0.0085 
Natural 
vegetation 1.00 Natural system   

51 Dwarf Scrub 0.44 0.0085 
Natural 
vegetation 1.00 Natural system   

52 Shrub/Scrub 0.44 0.0085 
Natural 
vegetation 1.00 Natural system   

71 
Grassland/ 
Herbaceous 0.44 0.0085 

Natural 
vegetation 3.41 

Improved pasture 
-  low-intensity 
(with livestock)   

81 Pasture/Hay 0.45 0.0180 

Mostly 
natural 
vegetation 3.74 

Improved pasture 
-  high-intensity 
(with livestock)   

82 Cultivated Crops 0.98 0.0310 Agricultural 4.54 Row crops   

90 Woody Wetlands 0.44 0.0085 
Natural 
vegetation 1.00 Natural system   

95 

Emergent 
Herbaceous 
Wetlands 0.44 0.0085 

Natural 
vegetation 1.00 Natural system   
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Figure 3. Example of translation of USGS National Land Cover Dataset 2011 (NLCD) classes 
(upper left image) to landscape development intensity index (LDI), nitrogen loss rate (NLR) and 
phosphorus loss rate (PLR) values for study sites 2883 (north) and 2810 (south).  Legend at 
bottom describes NLCD classes.  For each index, lower values represent a more natural 
landscape. 
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A list of wetlands with LDI, NLR, and PLR values was exported into MSExcel and MSAccess to 

further examine them for sampling (Appendix A).  Wetlands were ranked by each of the three 

extracted statistics, taking into account ties (i.e., polygons that tied received the same rank, and 

then the next one down the list received one lower rank, etc.).  We first examined a composite 

rank calculated from the sum of the three rank order values.  This treats all three values with 

equal importance and makes no account for any specific value jumps.  During this examination 

we realized that N and P loss was mutually exclusive with the LDI for urban sites.  In other 

words, urban sites which we assume to have highly impacted wetlands, have low nitrogen and 

phosphorus loss values.  As expected the highly impacted agricultural sites have high NLR and 

PLR values.  Thus, after discussion with the MDNR project officer, we decided to exclude urban 

sites from this study, and focus on agricultural sites (highest indices after urban excluded) and 

natural landscape (lowest indices) sites.   

 

We narrowed this list to those NWI polygons > 10 acres, which resulted in 1512 polygons 

representing palustrine wetlands from which we selected wetlands to sample (Task 5).  Indices 

ranges within this 1512 polygon set were: LDI 1 (most natural) to 7.19; NLR 0.139 (least 

nitrogen loss) to 0.98; and PLR 0.004 (least phosphorus loss) to 0.031. 

 

Sample site selection 

Natural sites 

To narrow down the polygon set to two groups of approximately 10 wetlands on opposite ends 

of the land use spectrum (natural verses agricultural), the polygons were sorted by ascending 

LDI value and visually examined in Google Earth Pro (Task 8).  Polygons that were long and 

linear (ditches), within rivers, most likely dry (examined over a period of years), and forested 

within the polygon were rejected.  To select the most natural, least agriculturally influenced 

sites, we examined the list of polygons in order of ascending LDI to a maximum of LDI of 3.00 

and field verified that the polygons were wetlands and accessible.  We sampled 10 polygons in 

this group. 

 

Agricultural sites 

Selection of the agriculturally-influenced polygons required more screening by site indices.  

Since LDI >7 represents medium to high urban landscape (as defined by the LDI coding, and 

confirmed by mapping), we screened out the two polygons with LDI > 7.  Next, we examined 

polygons with LDI 3 to 7, which represents agricultural landscape.  All 14 polygons with LDI 5 to 

7 were located in urban areas, so we limited the list to polygons with LDI 3 to 5.  Within this list 

we examined polygons with the highest NLR (nitrogen loss rate) and PLR (phosphorus loss rate) 

values.  In the entire set of 1512 polygons, the approximately 300 polygons with highest NLR 

and PLR had LDI values in the range of 4 to 5, confirming that high NLR and PLR reflects 
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agricultural landscapes.  As NLR and PLR are highly correlated (Figure 4), we focused office and 

field verification on polygons with the highest NLR (0.6 to 0.98) and LDI 3 to < 5.  It was very 

fruitful to focus on those polygons marked as wetlands in a gazetteer.  We sampled 9 polygons 

in this group. 

 

       

 
Figure 4. Nitrogen loss rate (NLR) verses phosphorus loss rate and landscape disturbance index 
(LDI).  LDI above 5 (dotted line) represents urban land use, at which point the upwards trend 
with increased NLR falls apart. 
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We evaluated 425 polygons in the office, and marked 135 of these as potential sampling sites to 

visit in the field.  We pursued land owner permission for 51 of these polygons, and were given 

permission to sample 35 polygons.  Final sampling was based on accessibility and water present 

at the time of sampling.  We sampled 10 natural sites and 9 agricultural sites (Figure 5). 

 

Hand-picked sites 

We initially proposed to sample randomly-selected sites that fell along the landscape and 

nutrient gradient midway between the natural and agricultural site, but after discussion with 

MDNR project officer instead sampled 7 hand-picked wetlands chosen by best professional 

judgment to be of high quality (most natural).  Six of these did not fall within polygons provided 

in the original set of 1512 polygons, so we retroactively calculated the landscape and nutrient 

indices. 

 

Location verification and reconciliation 

Post-field work, sample points were examined in Google Earth Pro and GIS to confirm they 

were in the intended polygons.  Two sample locations were not in the intended polygons so the 

true polygon codes were assigned to the collected data.  Three hand-picked sites did not fall in 

any polygons, so polygons were hand digitized and indices determined.  The mismatch of 

intended sites with NWI polygons, or lack of polygons, may be the result of GPS error (3 ς 6 m) 

when locating the sites, or NWI boundaries based on old imagery. 
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Figure 5. Sampling sites in northwest Missouri (inset), with Omernik Level 3 ecoregions shaded 
as dark gray for Western Corn Belt Plains and light gray for Central Irregular Plains (see 
https://www.epa.gov/eco-research/ecoregions). 

 

Field methods (Tasks 10 and 11) 

Field methods are detailed in the Quality Assurance Project Plan, and summarized here.  Field 

work consisted of walking or canoeing into each wetland to collect water and 

macroinvertebrates samples, measure in situ water chemistry, and evaluate vegetation.  Water 

samples and measurements were made before the site was disturbed by the other activities. 

 

Water 

At two locations in each wetland sufficient water was collected to fill containers that were 

shipped on ice to the MDNR lab for analyses of metals, nutrients, and other elements (Table 2).  

One site was reduced to a small pool from which we collected only 1 water sample.  Five 

locations were sampled twice for laboratory QAQC, for a total of 56 samples from 26 wetlands.  

At the two water sample locations, plus a third, the following in situ water chemistry 

parameters were measured with a Horiba U-52 water quality checker: temperature, dissolved 

oxygen, conductivity, turbidity, oxidation-reduction potential (ORP), total dissolved solids (TDS) 

and salinity.  
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Table 2. MDNR chemical analysis methods for field-collected water samples. 

Container Filter Acidify Parameter Lab method Unit 

500 ml yes HNO3 

Dissolved Calcium EPA 200.7 mg/L 

Dissolved Magnesium EPA 200.7 mg/L 

Dissolved Cadmium EPA 200.8 µg/L 

Dissolved Copper EPA 200.8 µg/L 

Dissolved Lead EPA 200.8 µg/L 

Dissolved Zinc EPA 200.8 µg/L 

Hardness (as CaCO3-TR-N) SM 2340-B mg/L 

1000 ml no H2SO4 

Total Nitrogen (TN) 
USGS I-2650-03 

modified 
mg/L 

Total Phosphorus (TP) 
USGS I-2650-03 

modified 
mg/L 

1000 ml no no 

Non Filterable Residue (NFR) 

(Total Suspended Solids TSS) 
SM 2540-D mg/L 

Total Dissolved Solids (TDS) SM 2540C mg/L 

Chloride (Cl) SM 4500-Cl-E mg/L 

2 VOA 

vials 
no H3PO4 Total Organic Carbon (TOC) SM 5310C mg/L 

 

 

Macroinvertebrates 

Macroinvertebrate sampling was conducted within each habitat type in proportion to the 

amount of that habitat in the wetland, for a total of 3 minutes of sampling (Huggins and Moffet 

1988).  For each sample within a habitat, a kick and sweep method with a 500-micron D-frame 

aquatic net was used to capture invertebrates in the benthos substrate by disturbing the 

surface of the benthos for 30 seconds while sweeping the net through the water column 

directly above the turbulence.  Samples from each wetland were composited and preserved 

with 10% buffered formalin with rose Bengal.  At the KBS labs, samples were rinsed of field 

fixative and sorted to a 200 organism count in a gridded Canton tray, using USEPA EMAP 

methods (USEPA 1995, USEPA 2004) as explained in the Standard Operating Procedure (SOP) of 

the CPCB at the KBS (Blackwood 2007).  Specimens were identified to the lowest taxonomic 

level practical, which is genus level for most taxonomic groups when possible (Blackwood 2007, 

MDNR-ESP-209).  Data were entered into an MSAccess database and a number of community 

metrics calculated using EcoMeas (version 1.6) a software program that calculates varies 

diversity and community metrics. 

 



15 
 

Vegetation 

At each wetland, a floristic quality assessment (FQA) for each non-woody, palustrine 

community at least 1.2 ha (3 ac) in area was conducted (Kriz et al. 2007).  A master species 

checklist for palustrine communities was used to record each native and naturalized species 

observed within each plant community.  Plants that could not be identified in the field were 

collected, pressed, and taken to the R.L. McGregor Herbarium, University of Kansas (KANU) for 

identification.  Vouchers were deposited at KANU.  Vegetation canopy cover within each 

primary plant community was estimated within a 10 m2 circular plot.  Presence/absence data 

from the FQA were entered into MSExcel and uploaded to an online FQA calculator loaded with 

Missouri-specific coefficients of conservatism. The following site metrics were calculated:  total 

and native species richness, percent non-native species, mean conservatism (all species), mean 

conservatism (native species only), total floristic quality index (FQI), native FQI, mean wetness, 

and native mean wetness. 

 

Data analyses (Task 12) 

The goal of this study was to examine the appropriateness of a GIS-based land use assessment 

method to identify wetlands that meet reference criteria.  We compared biota and water 

chemistry of wetlands located in landscapes with low human influence to biota and water 

chemistry of wetlands 1) in agricultural landscapes and 2) designated as reference by the USEPA 

Region 7 Technical Assistance Group (RTAG). 

 

Land use indices 

Wetlands were plotted to examine where hand-picked sites fell on the continuum of low to 

high land use and nutrient loss rates (Figure 6).  They fell between the two extremes of natural 

verses agricultural sites, with some overlap (Table 3).  
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Figure 6. Scatter plots for nitrogen loss rate verses phosphorus loss rate or landscape 
disturbance index.  Reference conditions: 1 = natural, 2 = hand-picked, and 3 = agricultural 
wetlands. 
































































