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Conversion Factors

U.S. customary units to International System of Units

Multiply By To obtain

Length

inch (in.) 2.54 centimeter (cm)

inch (in.) 25.4 millimeter (mm)

mile (mi) 1.609 kilometer (km)
Area

square mile (mi2) 259.0 hectare (ha)

square mile (mi?) 2.590 square kilometer (km?)

International System of Units to U.S. customary units

Multiply By To obtain
Length
millimeter (mm) 0.03937 inch (in.)
Mass
kilogram (kg) 2.205 pound avoirdupois (1b)
milligram (mg) 0.00003527 ounce, avoirdupois (0z)

Supplemental Information

Results for measurements of stable isotopes of an element (with symbol E) in water, solids,
and dissolved constituents commonly are expressed as the relative difference in the ratio of
the number of the less abundant isotope (iE) to the number of the more abundant isotope of a

sample with respect to a measurement standard.

Abbreviations
oniC carbon stable isotope ratio of carbon-13/carbon-12
DFA discriminant function analysis

HUC12 12-digit hydrologic unit code
p-value probability value

Sed_SAT Sediment Source Assessment Tool
USGS U.S. Geological Survey



Stream Sediment Sources in Medicine Creek, Northern

Missouri and Southern lowa
By Jessica D. Garrett

Abstract

This report presents the results of a cooperative study
by the U.S. Geological Survey and Missouri Department
of Natural Resources to quantify sediment transport source
contributions in the Medicine Creek drainage basin.
Understanding relative source contributions provides valuable
information for selecting the conservation practices that
may be most effective in reducing sediment and sediment-
associated nutrient transport in the Medicine Creek drainage
basin and similar areas of the Lower Grand River drainage
basin. Sediment samples were collected from potential
contributing areas (source samples) and from fluvial-
transported samples (target samples). Source sample types
included streambanks, row crop fields, and a combined
pastures and forests category. Samples were analyzed for
particle size and quantity of carbon, nitrogen, stable isotopes
of carbon and nitrogen, and 49 mineral elements as potential
tracers. Results for the carbon stable isotope ratio of carbon-
13/carbon-12 (8'3C) and concentrations of total carbon,
total nitrogen, calcium, potassium, and copper were selected
by discriminant function analysis as the best combination
of multiple tracers to differentiate each source type. The
discriminant function analysis poorly differentiated pastures
and forests, so these source types were combined. The sources
defined by the discriminant function analysis were then
used in an unmixing model to apportion sources for each
target sample.

In the study area, transported sediment was
predominantly bank sediment, with an overall average of
86.9 percent of suspended-sediment samples and depositional
streambed samples attributed to bank material. Suspended-
sediment samples from the mainstem of Medicine Creek
were dominated by bank sediments (average of 95.8 percent),
and depositional streambed samples from throughout the
drainage basin had more variable source contributions with
an average of 71.1 percent attributed to bank material. The
relative importance of upland sources (row crop fields and the
combined pastures and forests category) varied seasonally and
with streamflow but was not related to land use or drainage
basin size. Relative contributions from upland sources were
greater in the summer through winter rather than spring and
during lower streamflow, though this may be driven by the

seasonality of streamflow. These results indicate management

practices that reduce bank erosion could be effective strategies
for managing the dominant source of sediment and sediment-

associated phosphorus.

Introduction

Understanding sediment transport in agricultural
streams is important because of its ecological effects on
stream health and the loss of valuable soil resources from
agricultural production. Excess nutrients and sediments in
aquatic systems degrade water quality and disrupt aquatic
communities and how they function (Rabalais and others,
2002; Bilotta and Brazier, 2008; Femmer, 2011). Nutrient
and sediment reduction continues to be a priority within the
State of Missouri and nationally because of its effect on local
and downstream waters. The Lower Grand River drainage
basin (fig. 1) has been identified as a priority for nutrient and
sediment reductions by the Natural Resources Conservation
Service. Considerable resources are being focused on the
drainage basin through the Mississippi River Basin Healthy
Watersheds Initiative to reduce nutrient and sediment
contributions from agriculture by implementing voluntary
conservation practices (Natural Resources Conservation
Service, variously dated). These practices aim to protect soils
as a valuable resource for crop and animal production while
improving the ecological health of streams.

Agricultural management plans promote a variety
of strategies to reduce nutrient and sediment transport in
streams across the midwestern United States. However, these
strategies are often costly, so identifying the most beneficial
management practices to ensure water quality improvements
helps inform management decisions. Innovative assessment
and monitoring techniques to quantify sources of nutrients and
suspended sediment will help to guide management decisions.
Identification of the predominate sources of sediment and
nutrients, including sediment-associated phosphorus, is
important in selecting effective conservation practices.
Understanding the proportional contributions of sediment
and sediment-associated phosphorus from potential sources,
including streambanks, row crop fields, pastures, and forests,
would allow land and water managers to select and prioritize
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Figure 1.

Map showing land use and U.S. Geological Survey streamgages in the Medicine Creek drainage basin.



management and conservation practices that are effective in
reducing nutrients and sediments in waterways. Sediment
fingerprinting offers a method of quantifying suspended and
depositional sediment sources by identifying a minimal set of
properties (or fingerprint) that uniquely defines each source
of sediment in the drainage basin (Collins and Walling, 2002;
Walling, 2005; Gellis and others, 2016).

Purpose and Scope

The purpose of this report is to describe relative
contributions of sediment and sediment-associated phosphorus
transported in Medicine Creek, a selected tributary of the
Grand River in northern Missouri and southern Iowa, with
differentiation among upland and in-stream sources. The
study focused on the Medicine Creek drainage basin, which
provided a manageable constraint for sediment fingerprinting
tools to inform conservation decisions throughout
similar areas.

Study Area

The Lower Grand River drainage basin is identified as
a priority drainage basin to reduce nutrients and sediment,
including sediment-associated phosphorus, as part of the Natural
Resources Conservation Service Mississippi River Basin
Healthy Watersheds Initiative. In 2010, funding was increased

Table 1.

Introduction

for voluntary conservation practices on agricultural land with
the goal of decreasing nutrient and sediment concentrations in
the waterways of the Lower Grand River drainage basin while
improving infield soil health (Natural Resources Conservation
Service, variously dated). The mosaic of mixed land use and
topography of this area in northern Missouri and southern
Iowa includes pastures, row crops, forests, wetlands, and small
developed areas over loess and glacial till with often highly
erodible slopes (U.S. Environmental Protection Agency, 2009).
The mix of land use in the Lower Grand River drainage basin is
highly variable, with, for example, row crops ranging from 4 to
67 percent in individual 12-digit hydrologic unit code (HUC12)
drainage basins (Jabbar and Grote, 2019).

This report focuses on the Medicine Creek drainage
basin, which includes two U.S. Geological Survey (USGS)
streamflow and water-quality streamgages: Medicine Creek
at Lucerne, Missouri, (station 06899900) and Medicine Creek
near Laredo, Mo. (station 06900050; U.S. Geological Survey,
2024). Streamflow conditions during data collection activities
in 2021 and 2022 were somewhat drier than typical, with an
average annual runoff of 10.1 and 8.37 inches, respectively,
compared to an average annual runoff of 11.4 inches from 2001
to 2020 (U.S. Geological Survey, 2024). Land use in the study
area upstream of the sampling site near Laredo, Mo (station
06900050), the more downstream site, is predominantly pastures
(50 percent), row crops (23 percent), and forests (19 percent;
Dewitz, 2023; table 1). Land-use areas with row crops generally
are in valley bottoms or on upland ridges (fig. 1).

Drainage basin characteristics upstream from target sample sites used in sediment fingerprinting model at the Medicine

Creek drainage basin in Missouri and lowa with drainage basin delineation from StreamStats program (U.S. Geological Survey, 2019).

[Land use from 2021 National Land Cover Database (Dewitz, 2023)]

3

Drainage area,

Drainage area relative land use, in percent?

Station identifier

in square miles Row crop Forest Pasture Developed area
068999000 117 24 19 50 4
06900050 370 23 19 50 4
400814093212901 0.36 45 11 35 0
401708093183301 0.44 22 30 46 3
400403093235001 0.48 61 12 22 3
401727093210301 0.75 0 21 75 2
402615093165801 0.89 18 5 72 4
400533093252701 1.39 50 11 33 5
404138093212701 1.72 55 2 19 23
404116093205401 2.27 60 2 19 18
402432093253101 2.35 12 26 59 2
401423093195301 6.94 17 25 55 3
401453093200201 202 23 18 52 4
400324093244701 350 22 20 51 4

aPercentages may sum to greater than 100 percent due to rounding.

"Drainage areas and land-use statistics based on streambed-sample locations, which are slightly different from streamgage locations with passive samplers.
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Methods for Data Collection and Sediment Sample Collection
Com P utation Suspended-sediment samples, one type of target samples,
were collected using passive-sampler tubes that allow sediment
Samples were collected in the Medicine Creek drainage to settle out of the water, accumulating over the deployment
basin from March 2021 to June 2022 and were classified as either period. Passive-sampler tubes (Phillips and others, 2000) were
target or source samples. Target samples were fluvial material attached to fence posts for typically 6 to 16 days, and material
representative of sediment transported by streams collected using from the 2 to 4 tubes were composited for each site. Passive

passive suspended-sediment samplers and from recent depositional  samplers were deployed near two USGS streamflow and water-
streambed areas. Source samples were collected from upland areas  quality streamgages at Medicine Creek at Lucerne, Mo. (station

with various land uses and from eroding banks along streams. 06899900), and Medicine Creck near Laredo, Mo. (station
Samples were analyzed for particle size and quantity of carbon, 06900050). Tubes were deployed during a range of streamflow
nitrogen, stable isotopes of carbon and nitrogen, and 49 mineral conditions during 2021 and 2022 (fig. 2). The accumulation
elements (Garrett, 2025). A fingerprint for each source type was of material in this type of sampler is time-integrated but also
identified, and an unmixing model was used to describe the target proportional to stream suspended-sediment concentrations and
sample sediment sources by the relative contributions from each flow velocities. The material in the samplers was much greater

source category.

A. Medicine Creek at Lucerne, Missouri, 2021 B. Medicine Creek at Lucerne, Missouri, 2022

10,000 £ 10,000 =

1,000

BRI N

1,000 £

Mar. Apr. May June July Aug. Apr. May June
2021 2022

C. Medicine Creek near Laredo, Missouri, 2021 D. Medicine Creek near Laredo, Missouri, 2022

10,000 £ 10,000

Streamflow, in cubic feet per second

1,000

Mar. Apr. May June July Aug. Apr. May June
2021 2022
EXPLANATION

—— Streamflow
D Suspended-sediment sample collection periods
|:| Samples including contributions from mixed sources
Figure 2. Graphs showing streamflow conditions at the two sampling locations during sediment study sample collection in 2021 and

2022. Collection at Medicine Creek at Lucerne, Missouri (station 06899900) in A, 2021 and B, 2022. Collection at Medicine Creek near
Laredo, Missouri (station 06900050) in C, 2021 and D, 2022.



if the deployment period included a high-streamflow event and
sometimes insufficient for all analyses when no events occurred
during the collection period. Passive sampler deployments focused
on spring and summer, when streamflow and, consequently,
nutrient and suspended-sediment loads are generally higher than
the rest of the year (Krempa and Flickinger, 2017). Composited
samples were settled, decanted, and transferred to a smaller
container for laboratory submission.

Streambed and bank samples (target and source samples,
respectively) were collected as composites along the same stream
reach defined as a length 20 times the average wetted width.
Stream sites for streambed and bank samples were selected to
include reaches near streamgage locations and adjacent to each
predominant upland source category: row crop fields, pastures,
and forests (McKay and others, 2012; U.S. Environmental
Protection Agency, 2012; Dewitz and U.S. Geological Survey,
2021). Streambed samples were collected as a composite of five
locations in or adjacent to the wetted stream channel, targeting
recent deposition areas of fine-grain material, if present. Though
not explicitly suspended-sediment material, the targeted sampling
method yields principally recently transported material. Bank
samples were collected as scrapes of the outer one-half inch of
material from the water to the top of the bank, compositing samples
from 3 to 6 bank locations along the reach, including both sides
of the stream, avoiding depositional areas, and spacing sample
locations at least one average channel width apart. Streambed
and bank samples were collected during consistent low flow
conditions, needed for wadable access to the stream, from March to
December 2021.

Upland source samples were selected from row crop fields,
pastures, and forests among participating landowner parcels. The
top 1 inch of soil was composited from multiple locations along
a linear transect. The transect line was set to exclude areas near
the edge of the field or tract, away from edge rows or fence lines,
running from uphill to downhill, to intersect potential differences in
soil types including ridges, slopes, gullies, and flats. For row crop
fields, subsamples were also chosen to include various parts of the
crop row, such as the ridge, furrow, or track from seed drilling or
fertilizer knifing application, where these features were evident.
Upland samples were collected during April, June, November,
and December 2021 for ease of access before or after crops
were growing.

Samples were kept chilled prior to laboratory analysis
for particle size, mineral composition, carbon and nitrogen
concentrations, and stable isotopes. Samples were first processed
at the USGS Central Midwest Water Science Center Sediment
Laboratory, lowa City, lowa, by wet sieving using nylon 63-
micrometer sieves, separating the fines material from the rest of the
sample. The fines material was dried and split by pipette method
for further size analysis and submission to other laboratories (Guy,
1969). Elemental analysis at AGAT Laboratories, Mississauga,
Canada, included 49 minerals (Taggart, 2002). Carbon and nitrogen
analysis at Reston Stable Isotope Laboratory, Reston, Virginia,
included total concentrations and stable isotope ratios of carbon and
nitrogen (Révész and others, 2012).

Summary of Sediment Sample Data 5

Sediment Fingerprinting Unmixing Model

The relative contributions of the sediment derived from
different sources in the study area were assessed using the USGS
Sediment Source Assessment Tool (Sed SAT; Gorman Sanisaca
and others, 2017). This software tool performs the computational
steps required to identify the sediment fingerprint for each source
type and then to apportion sediment contributions in target samples.

Identifying the fingerprint for each source type requires
evaluation for various corrections and required statistical
assumptions before using a linear discriminant function analysis
(DFA) to characterize each source type (fig. 3). The model was
evaluated for particle size corrections, transformations of individual
variables for normality, and outlier effects. Correction for organic
content was not used for this study, and imputation for non-detect
values was not needed. Outliers greater than three times the
standard deviation from the mean were carefully evaluated and
only removed if they appeared to bias the model. For example, if
removing an outlier resulted in a DFA that no longer included the
tracer that was causing the sample to be flagged as an outlier, that
outlier was removed. Outliers were retained if they were needed
to allow the model to pass the bracket test for that tracer, a rough
test for conservative tracer behavior. Overall, four outliers were
removed, one outlier was retained, and two additional samples
were excluded because they were missing size data. Excluded
tracers were either heavily censored (many non-detect values) or
the tracer was excluded rather than removing samples identified as
outliers for these tracers.

The Sed SAT software then uses the source characterization
from the DFA in an unmixing model to define relative contributions
for each source type in target samples. A Monte Carlo simulation,
randomly removing one sample from each source group at each
iteration, was used to validate the DFA model and to compute
model error statistics. The unmixing model was also applied
to source samples, to verify the source samples were correctly
identified. Sources that were not consistently attributed as the
majority of the correct source type were evaluated to reclassify
source categories. The final model included a combined category
for pasture and forested upland sources because these categories
were not well differentiated.

Summary of Sediment Sample Data

The most effective tracers for discriminating among source
types were the carbon stable isotope ratio of carbon-13/carbon-12
(8'3C) and concentrations of total carbon, total nitrogen, calcium,
potassium, and copper. These tracers along with sediment size
and mineral phosphorus concentrations are summarized in table 2.
Individual sample results including additional analytes for source
and target samples are available in the accompanying data release
(Garrett, 2025).
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Figure 3. Graph showing linear discriminant function biplot and separation of source categories.

Fluvial Sediment and Phosphorus
Apportioning by Source Type

Sediments transported in Medicine Creek and sampled
tributaries were primarily derived from bank erosion, with
an average of 86.9 percent of all target samples (suspended
and streambed) attributed to bank material (table 3). Of the
25 suspended samples collected near two USGS streamgages,
6 had source contributions other than bank material (figs. 2
and 4). The unmixing model apportioned suspended samples
as an average of 95.8 percent from bank material (table 3).
The maximum amount of an individual suspended sample
apportioned to any upland category was 36.2 percent from the
row crop source category (Garrett, 2025; fig. 4). Apportioning
of streambed samples was more variable, with an average of
71.1 percent attributed to bank material (table 3). Individual
streambed samples were completely apportioned to bank
material for 7 of 14 samples, but 3 streambed samples were
apportioned to less than 50 percent bank material, with the
remaining as at least 50 percent derived from row crop and
(or) pasture and forest upland sources (Garrett, 2025; fig. 4).
The differences between suspended and streambed source
contributions reflects combined differences in methods, sites,
and timing of collection. On average, 9.9 and 3.2 percent of
all target samples were attributed to row crop or the combined
pasture and forested upland sources, respectively (table 3).

Apportioning of suspended and streambed samples was
also assessed for patterns related to streamflow, season, and
land use.

Suspended samples collected over a range of streamflow
conditions did indicate some patterns related to streamflow.
The suspended samples with mixed sources—samples with
some upland source contributions rather than entirely bank
contributions—tended to have lower streamflow during
the collection period than samples attributed entirely to the
bank source (figs. 2 and 4). Because material collected in the
samplers disproportionately represents material transported
during high streamflow events in the deployment period,
samples with an event during the deployment generally
represent the event. Although the passive samplers aggregate
the sample throughout the deployment period, material
accumulated is proportional to velocity and to stream
suspended-sediment concentrations, which are generally
much greater during high streamflow events than during low
or falling streamflow conditions not near the event peak;
however, the proportion was not quantified. Streamflow
statistics for the six suspended samples that included
contributions from upland sources were statistically lower
than other suspended samples for the minimum, maximum,
average, and range (¢-test probability values [p-values]=0.039,
0.013, 0.006, and 0.014, respectively; R Core Team, 2023;
U.S. Geological Survey, 2024).
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Apportioning of suspended and streambed samples
also revealed seasonal patterns, though sampling was not
distributed through all seasons for a robust assessment of
seasonality. Data from suspended samples collected from
March through August indicated that mixed-source samples
(rather than entirely bank-derived material) tended to be later
in the sampled part of the year (#-test on suspended sample
start day of year, p-value=0.050). Passive sample collection
focused on spring through summer because these seasons
generally had greater streamflow, but the covariance between
streamflow and seasonality may obscure the importance of
both. Of the 14 streambed samples collected from March
to December 7 had mixed-source contributions, and 5 of
the 7 mixed-source samples were collected in November
and December (fig. 4). Comparing differences in streambed
samples with seasonality provides context but is not a strong
indicator alone because streambed samples were collected
once from each location. Contributions to individual
streambed samples were up to 94.9 percent from croplands
and 100 percent from pastures and forests (fig. 4; Garrett,
2025). Though the bank source dominates overall, the relative
contribution of upland sources was increased in summer
through winter and during lower streamflow conditions rather
than in the spring. Overall suspended-sediment transport is
generally related with streamflow, which is typically greatest
from March to June in this drainage basin (Krempa and
Flickinger, 2017; U.S. Geological Survey, 2024), further
emphasizing the importance of bank dominated sediment
source contributions.

Streambed samples collected throughout the drainage
basin did not show evident patterns relating source
characterization to land use or drainage area (table 1; Dewitz,
2023). The strongest correlation between land use and source
characterization was weak (coefficient of determination=0.24)
and not significant (p-value=0.078) between the relative
drainage area percentage of pasture and the percentage of
bank source (Garrett, 2025). This relation between pastureland
use and percentage of bank source was positive, which is
consistent with banks in pasture areas, commonly with animal
access to streams, being more erodible than other land-use
types. Generally, the differences in source contributions
between passive and streambed samples (95.8 versus
71.1 percent bank material, respectively; table 3) may partially
reflect site differences in drainage area because passive
samplers were deployed at large mainstem sites, but the range
of streambed samples included small first-order streams with
less mobile banks; however, the strongest correlation between
drainage area and source characterization of streambed
samples (bank source) was also weak and not significant
(coefficient of determination=0.20, p-value=0.11).

To evaluate if the source samples were correctly
identified, the unmixing model was also applied to source
samples. Though the unmixing model error analysis showed
excellent characterization of the bank source samples, the
upland source categories were more often confounded with,
or partially attributed to, other sources. Pasture and forest

sources were poorly differentiated from each other, so samples
were combined as a single source category. The average
percentage of source contribution for the combined pasture
and forest category was 72.0 percent in the final model

(table 3), compared to approximately 55 and 48 percent for
source contributions individually from pasture and forest,
respectively, in a preliminary model without these source
types combined. On average 93.2 percent of bank samples
were apportioned to bank material. Cropland source samples
on average were 59.1 percent characterized as from the row
crop source and 30.9 percent from the bank source. Pasture
and forest samples were on average 72.0 percent characterized
as from the correct source category, but 24.9 percent from the
row crop source (table 3). The source sample error analysis
indicates that where misclassification errors occur among
source categories, the misclassification is generally for land-
use categories that are adjacent in the landscape, between
bank and row crop, and between row crop and the combined
pasture and forest categories (fig. 1). Misclassification errors
are least likely between the bank and combined pasture and
forest categories. The overlap between source categories is
also illustrated by the separation in the DFA (fig. 3). Although
the error analysis indicates some uncertainty in differentiating
bank and other sources in some target samples, the relatively
small misclassification errors would not change the conclusion
that stream-transported sediments are primarily derived from
bank erosion.

Although the fingerprinting results apportion sediment
sources, where phosphorus transport is associated with
suspended sediment, some general inferences can also be
applied to phosphorus sources. Differences in phosphorus
sample collection and analytical methods allow a partial
comparison between data from water samples and sediment
samples in this study, but the comparison indicates mineral
phosphorus—the form described in the sediment samples
collected for this study—is an important contribution to
particulate phosphorus transport in Medicine Creek. Water
samples collected during the study period had an average of
1,140 milligrams per kilogram (mg/kg; particulate phosphorus
concentration relative to suspended-sediment concentration)
and a maximum water-sample concentration of 3,810 mg/kg
(U.S. Geological Survey, 2024) at Medicine Creek at Lucerne,
Mo. (station 06899900), and Medicine Creek near Laredo,
Mo. (station 06900050). Mineral phosphorus concentrations
from this study ranged from 331 to 1,340 mg/kg for all source
and target samples. Although the mineral form of phosphorus
analyzed for sediment samples in this study is an important
component of phosphorus transport, it does not account
for dissolved and labile particulate phosphorus, which are
additional important components of phosphorus transport
in streams.

Similar to other studies (for example, Fitzpatrick and
others [2019]), phosphorus concentrations (summarized in
table 2) in fluvial-transported target sediments (suspended
and streambed samples) were higher than the source material
(found to be primarily from banks in this study; table 3).
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Table 2. Summary of samples used in sediment fingerprinting model at the Medicine Creek drainage basin in Missouri and lowa. [—Left]

[Min, minimum; Max, maximum; D50, median particle size; 3'3C, carbon stable isotope ratio of carbon-13/carbon-12]

Fines, in percent finer D50, 613C, Carbon, in milligrams
Sample type Count than 0.0625 millimeter in millimeters in parts per thousand per kilogram
Min Max Min Max Min Max Min Max
Source samples
Bank 15 30 87 0.0202 0.3300 —24.22 -20.27 7,100 18,000
Row crop 22 27 97 0.0025 0.3580 —24.76 —18.94 9,000 36,000
Pasture 22 25 92 0.0030 0.3750 —26.89 —22.34 26,000 72,000
Forest 20 3 89 0.0091 0.5170 —27.78 -25.29 25,000 78,000
Target samples
Streambed 14 1 98 0.0092 0.5265 —23.85 —20.97 8,400 52,000
Suspended 25 69 100 0.0017 0.0250 —25.03 -21.60 6,700 18,000
A. Medicine Creek at B. Medicine Creek near
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Figure 4. Graph showing source contribution percentage by source type of target samples. A, Suspended-sediment samples from
Medicine Creek at Lucerne, Missouri (station 06899900). B, Suspended-sediment samples from Medicine Creek near Laredo, Missouri
(06900050). C, Streambed sediment samples collected throughout drainage basin.

Although phosphorus concentration ranges were similar be derived from many of the same sources as the sediment,
(table 2), the average concentrations for suspended and dissolved phosphorus sources and transport may be another
streambed samples were 719 and 745 mg/kg, respectively, but  important component of sediment-associated phosphorus.

the average concentration in bank samples was 538 mg/kg Management practices that reduce bank erosion will
(Garrett, 2025). Additional research has indicated the greater likely affect the largest contributing source of sediments and
phosphorus concentrations in fluvial-transported sediments sediment-associated phosphorus transported in the study area.
can result from dissolved phosphorus sorbing to sediments Though management practices designed to limit erosion from
during transport (Williamson and others, 2024). Although upland sources are valuable for in-field effects on soil health

sediment-associated phosphorus in Medicine Creek may for pastures and croplands, they affect a smaller portion of
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Table2. Summary of samples used in sediment fingerprinting model at the Medicine Creek drainage basin in Missouri and lowa. [—Right]

[Min, minimum; Max, maximum; D50, median particle size; 3'3C, carbon stable isotope ratio of carbon-13/carbon-12]

9

Nitrogen, in milligrams Calcium, Potassium, Copper, in milligrams Phosphorus, in milligrams
per kilogram in percent in percent per kilogram per kilogram

Min Max Min Max Min Max Min Max Min Max
Source Samples

800 13,000 0.494 0.884 1.30 1.58 13.1 23.1 331 670

900 3,800 0.436 0.956 1.12 1.62 13.7 25.8 440 900

3,200 36,000 0.451 1.094 1.11 1.56 12.7 414 500 1,340

2,400 7,300 0.521 1.326 1.18 1.61 12.3 25.2 370 1,100
Target Samples

800 9,000 0.610 1.327 1.36 1.59 14.4 29.1 378 1,090

800 2,100 0.620 0.968 1.46 1.74 14.6 26.5 430 1,030

Table 3. Average source contribution percentage by source type for samples in the Medicine Creek drainage basin in Missouri and

lowa.
Source category
Sample type Error
Bank Row crop Pasture plus forest
Source sample error analysis
Bank 93.2 6.2 0.6 2.587
Row crop 30.9 59.1 10.0 0.570
Pasture 2.6 21.1 76.4 0.394
Forest 3.8 29.1 67.1 0.345
Pasture plus forest 32 249 72.0 0.371
Target sample apportioning
Suspended 95.8 3.5 0.7 2.686
Streambed 71.1 21.3 7.6 2.024
All target 86.9 9.9 32 2.448
the sediment being transported in streams in the Medicine summ ary

Creek drainage basin than practices designed to limit bank
mobilization. Practices to reduce dissolved phosphorus sources
and transport may also affect sediment-associated phosphorus
transport. Sediment phosphorus concentrations were greater
for upland source categories (row crops, pastures, and forests)
than bank sources (table 2); however, with the observed
seasonal and streamflow patterns in upland contributions,
management practices that control upland erosion particularly
in the autumn and during low streamflow conditions may

be an important additional component of drainage basin
phosphorus management. Overall, practices that focus on
reducing bank erosion will affect sources with the greater
contributions to stream sediments and particulate phosphorus
than practices for managing agricultural fields or forests.

Conservation practices for managing sediment and
sediment-associated nutrients are important tools for
protecting soils and managing stream health. To effectively
use management practices to reduce suspended sediment in
streams, fingerprinting analysis provides an approach for
quantifying the proportional contributions of sediment from
potential sources in a drainage basin. The results of this
study in the Medicine Creek drainage basin in Missouri and
Iowa will help land and conservation managers, including
the project cooperator, the Missouri Department of Natural
Resources, choose the most effective strategies throughout
similar areas of the Lower Grand River drainage basin.
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Sediment samples from streams and potential upland
sources were collected in 2021 and 2022. Samples were
analyzed for particle size and quantity of carbon, nitrogen,
stable isotopes of carbon and nitrogen, and 49 mineral
elements. Suspended sediment was collected using passive
sampler tubes deployed during a range of conditions near
two streamflow and water-quality streamgages in Medicine
Creek at Lucerne, Missouri (U.S. Geological Survey station
06899900), and near Laredo, Mo. (U.S. Geological Survey
station 06900050). Streambed and bank samples were
collected as composites along the same reaches to represent
depositional and erosional areas, respectively. Upland samples
were collected from areas of predominant land-use types: row
crop fields, pastures, and forests.

The sediment fingerprinting model uses linear
discriminant function analysis to identify the best selection of
multiple tracers to define the characteristics for each source
type. An unmixing model was then used to apportion relative
contributions from each source to target samples. The most
effective tracers for the discrimination function were the
carbon stable isotope ratio of carbon-13/carbon-12 (8'3C)
and concentrations of total carbon, total nitrogen, calcium,
potassium, and copper.

The results of the discriminant function analysis and
unmixing model indicated that the sampled sediments
transported in the Medicine Creek drainage basin were
predominantly derived from bank sources, with an average
of 86.9 percent of suspended-sediment and depositional
streambed samples attributed to bank material. Suspended-
sediment samples were particularly dominated by bank
sources (average of 95.8 percent bank source), and streambed
sediment samples averaged 71.1 percent bank source with
upland source contributions tending to occur during low
streamflow conditions. The seasonal relative importance of
upland sources in suspended and streambed samples was
increased in summer through winter rather than in the spring,
though this may be driven by seasonality of streamflow.
Source characterization was not related to land use or size of
the drainage basin.

The unmixing model error analysis showed excellent
differentiation between bank and upland sources. Upland
samples were more often partially attributed to other sources,
particularly pasture and forest samples; therefore, these
categories were combined into a single category in the
model. Though the resulting model could not differentiate
between contributions from pastures and forests, it had greater
confidence in source characterization for the remaining
categories, particularly the bank source, which was identified
as the dominant source, regardless of whether upland source
categories were combined.

Phosphorus results in samples collected for this study
indicate mineral phosphorus is an important component
of total particulate phosphorus transport in the study area.
Although management practices aiming to reduce upland
sediment contributions may be a useful component of an
overall nutrient reduction strategy, particularly if controlling

phosphorus transport during autumn and low streamflow
conditions is a management priority, these upland-focused
strategies may have less effect on overall stream phosphorus
than controlling bank erosion. Management practices aiming
to reduce bank contributions, as the predominant source of
stream sediment, could be effective strategies for managing
suspended-sediment and phosphorus contributions.
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