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ABSTRACT
Loss of shallow water habitat (SWH) is hypothesized as a factor contributing to the decline of native Missouri River
fishes, including the endangered pallid sturgeon. As a result, the restoration of SWH is a high priority in this large river
system. Restoration activities often include constructing side channel chutes; however, limited information exists on the
potential negative, unintended effects of chute construction activities on water quality. This study was designed to better
understand the possible effects of chute construction, both initially and as chute development continues, on Missouri
River nutrient concentrations. Our first objective was to determine if the addition of sediment from proposed chute locations to river water samples (i.e., elutriate samples) increased nutrient concentrations relative to water-only river samples collected just upstream of the proposed chute locations or river water samples collected from eight long-term water
quality monitoring stations. Our second objective was to determine if nutrient concentrations of river samples monitored during 2009 and 2010 increased after water passed through previously-constructed chutes. Nutrient concentrations
of elutriate samples were not significantly higher than river water samples collected just upstream of the proposed chute
locations; the same was true for Missouri River water samples collected from seven of eight long-term water quality
monitoring stations. Furthermore, monitoring of nutrient concentrations collected from water samples at the outlet of
previously-constructed chutes were not significantly higher than water samples collected at the upstream inlet of these
chutes. Our results suggest that individual SWH chute construction projects designed to restore some of the natural
form and function of the Missouri River are unlikely to significantly increase Missouri River nutrient concentrations
initially or as these chutes continue to develop.
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1. Introduction
th

During the 20 century, the Missouri River was dramatically altered for the purposes of flood control, hydropower generation, water supply, and commercial navigation. These alterations included the construction of six
mainstem reservoirs in the upper Missouri River basin
and extensive channelization and bank stabilization below Sioux City, IA as part of the Bank Stabilization and
Navigation Project (BSNP) [1-5]. Additionally, many
tributaries of the Missouri River experienced damming
and channel modification [1,5]. Consequently, Missouri
River hydrology and sedimentary processes were highly
altered. Historically, the Missouri River transported a dramatically larger sediment load compared to current levels
[6]. Missouri River mainstem dams trap 100 - 150 million metric tons of sediment per year (about 50% of the
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historic sediment load), while major and minor engineering projects and soil-retention measures account for
the rest of the trapped sediment [4].
As a result, habitat diversity declined as the lower
Missouri River shifted from extensive areas of warm,
shallow and turbid habitat with braided channels and
large sandbars (i.e., shallow water habitat [SWH]) to
colder, deeper and clearer habitats within a single channel [3,5,7,8]. Nearly 3 million acres of natural riverine
and floodplain habitat were altered and 520,000 acres
lost due to land-use changes, channelization, and levee
building [9,10] negatively impacting many species native
to the basin [5,11,12]. These altered and lost habitats are
considered important to primary and secondary productivity, prey fish production, and nursery areas for native
fishes, including the endangered pallid sturgeon Scaphirhynchus albus [12-15]. The 1990 listing of the pallid
sturgeon as endangered prompted the US Fish and WildJWARP
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life Service (USFWS) to issue a Biological Opinion in
2000 and an amendment in 2003 (collectively referred to
as BIOP) on the operation of the Missouri River system
[8,14]. The BIOP recommended a large scale habitat
restoration project to increase sediment loads and create
approximately 20,000 acres of SWH, which includes side
channel chutes, backwaters, depositional sandbars disconnected from the shoreline and low-lying depositional
areas near the shoreline [16], between Sioux City, IA and
the mouth of the Missouri River to improve habitat for
pallid sturgeon. In response, the US Army Corps of Engineers (USACE) began actively creating SWH on the
Missouri River by modifying or removing existing control structures and creating off-channel habitats, such as
chutes and backwaters.
Unfortunately, large scale habitat restoration projects
often create complex socioeconomic and ecological issues because of the potential effect on a diverse group of
stakeholders. Varying stakeholder interests often create
conflicts for decision makers, resulting in slowed or
halted projects. For example, the Missouri Clean Water
Commission expressed concern during the 2007 Jameson
Island chute construction project over potential effects of
sediment discharge from SWH restoration sites on Missouri River water quality as sediment discharges often
exceed 500,000 metric tons per project [17]. Concerns
mainly focused on potential localized effects of sediment
discharges on Missouri River nutrient concentrations as
well as potential downstream effects on the Gulf of Mexico hypoxic zone [5]. Those opposing SWH projects
also contended that sediment discharges during habitat
construction violated state and federal water pollution
control laws.
Subsequently, the USACE ceased construction on the
Jameson project, halted all habitat creation efforts in the
state of Missouri and requested independent guidance
from the National Research Council (NRC) on Missouri
River sediment management and the potential effects of
SWH projects, both locally and downstream to the Gulf
of Mexico [5]. The NRC responded by assigning an independent panel of experts to provide guidance on these
matters. The NRC concluded that, based on the information available, SWH projects are unlikely to have significant, negative effects on Missouri River water quality
or the Gulf of Mexico hypoxic zone; however, a limited
knowledge of the effects of sediment release from SWH
restoration projects warrants monitoring of SWH construction activities to help guide management decisions
within an adaptive management framework [5]. Furthermore, insight regarding sources and processes affecting Missouri River nutrient transport has local, regional and national ramifications for nutrient management efforts [18]. Thus, this study was part of a large
monitoring effort and was designed to better understand
the effects of chute construction, both initially and as
Copyright © 2013 SciRes.
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chute development continues, on Missouri River nutrient
concentrations. Our specific objectives were to determine
if: 1) the addition of sediment from proposed chute locations to river water samples increased nutrient concentrations relative to water-only river samples collected just
upstream of the proposed chute locations or river water
samples collected from eight long-term water quality
monitoring stations; and 2) nutrient concentrations of
river samples monitored during 2009 and 2010 increased
after water passed through previously-constructed chutes.

2. Materials and Methods
2.1. Study Area
The lower Missouri River extends approximately 1305
river kilometers (rkm) downstream of Gavins Point Dam,
SD to the confluence with the Mississippi River at St.
Louis, MO. Pre-construction assessment sites were
Barney Bend (rkm 880), Wolf Creek (rkm 772), Benedictine Bottoms (rkm 686), Bakers Bend (rkm 454),
Jameson Island (rkm 340) and Cora Island (rkm 10) because these sites are proposed locations for future chute
projects (Figure 1). We also used data collected from
eight lower Missouri River long-term water quality monitoring stations to provide a representative range of nutrient
levels sampled during a wide variety of flow magnitudes.
Selected monitoring stations (Rulo, NE [rkm 818]; Atchison, KS [rkm 681]; Sibley, MO [rkm 541]; Waverly, MO
[rkm 472]; Glasgow, MO [rkm 364]; Marion, MO [rkm
257]; Hermann, MO [rkm 158]; and Weldon Springs, MO
[rkm 79]) were routinely sampled from March-October,
2009-2011 and geographically interspersed among our proposed chute projects (Figure 1).
Post-construction assessment sites were previouslyconstructed chute sites of varying ages (California Bend
[rkm 1046] was constructed in 1999, Tobacco Island
[rkm 948] was constructed in 2000, Upper Hamburg
Bend [rkm 893] was constructed in 1994 and Overton
Bottoms [rkm 295] was constructed in 2003). The postconstruction assessment also included a natural chute,
Lisbon Bottoms (rkm 351), that formed as a result of
high flows during 1993 and 1996 [19]. All pre- and postconstruction sites as well as monitoring stations are referred to by first name hereafter.

2.2. Pre-Construction Assessment
Initial water and sediment sampling occurred at Jameson
during 2007; additional sampling was conducted during
March 2011 because of plans to extend the length of
Jameson chute. Sampling also occurred at Barney during
March 2011, at Benedictine during November 2011 and
at Wolf, Bakers, and Cora during April 2012. Water
samples were collected from the mainstem of the Missouri River upstream of the proposed construction sites.
JWARP
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Figure 1. Map of lower Missouri River pre-construction sites (black-filled circles, bold labels), long-term water quality monitoring stations (gray-filled squares, underlined labels) and post-construction sites (white-filled stars, italicized labels).

Transects were established and surface grab samples (0.1
m) were collected at four evenly distributed locations
across the mainstem to account for potential lateral variability. Samples were shipped to a contract laboratory
and analyzed for total phosphorus (TP), total orthophosphorus (TOP), total Kjeldahl nitrogen (TKN) and,
nitrate-nitrite (NO3-NO2) according to US Environmental Protection Agency [USEPA] Methods 365, 365.3, 351
and 353, respectively. Total nitrogen (TN) was calculated
by summing TKN and NO3-NO2 measurements for each
sample. Sediment samples were collected from the proposed chute excavation area. Borings were collected at
approximately 300-m intervals along the proposed chute
alignment. Continuous sample cores were collected with
a 4-ft Geoprobe Macro-Core sampler. The borings were
advanced to the depth of the saturated zone or a maximum of 6 m. For each boring, an elutriate sample was
prepared using boring sediment and water collected from
the mainstem. The elutriate samples were prepared by the
laboratory in accordance with established protocols [20].
A 1-L subsample of sediment was removed from the
well-mixed, original boring sample. The sediment and
unfiltered, mainstem water were combined at a 1:4 sediment-to-water volume ratio. The mixture was stirred
vigorously for 30 min and allowed to settle for 1 h. The
Copyright © 2013 SciRes.

supernatant was siphoned off without disturbing the settled material, and centrifuged to remove particulates prior
to chemical analysis. The resulting elutriate samples were
analyzed for the nutrients mentioned above.
A Kruskal-Wallis non-parametric analysis of variance
(ANOVA) was used to compare nutrient concentrations
among elutriate samples and mainstem water samples
because the data often violated normality and/or equal
variance assumptions. Similarly, a Kruskal-Wallis nonparametric ANOVA was used to compare nutrient concentrations among elutriate samples and water samples
collected at monitoring stations located upstream and
downstream of construction sites. At each monitoring station, samples were collected at monthly intervals (MarchOctober) during 2009-2011 allowing a comparison of
elutriate samples with data collected during a wide range
of flow magnitudes that represents the ambient conditions present at each site. Dunn’s multiple comparison
procedure was used for all pairwise comparisons.

2.3. Post-Construction Assessment
Surface grab samples were collected from construction
sites at monthly intervals (April-November) during 2009
and 2010, except when high flows made it difficult to
differentiate the chute from the mainstem. Within each
JWARP
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chute, a surface grab sample was collected at the chute
inlet and outlet to determine if there was any change in
nutrient contributions after water had passed through the
chutes. Surface grab samples were also collected from
the mainstem above each chute location using the same
transect method described above. Similar to the pre-construction assessment, water samples were analyzed by
the contract laboratory for the nutrients described above;
total suspended solids (TSS) were also measured and
analyzed according to USEPA Method 160.2.
Multivariate analysis of variance (MANOVA) was
used to assess differences among months and water sampling locations (e.g., mainstem, chute inlet, chute outlet)
for TN, TP, and TSS for each site. For MANOVA, all
subjects must be measured for all response variables [21];
thus, site could not be used as a MANOVA factor because all sites were not sampled during every month due
to flow conditions. Pillai’s trace test statistic was used
because it is the most robust and most frequently used
statistic for MANOVA analysis [21]. If the MANOVA
was significant (α = 0.05), individual (one-way or twoway) ANOVAs were used to assess differences in TN,
TP and TSS concentrations for the significant MANOVA
factor(s). Tukey’s test was used for all pairwise comparisons.

3. Results
3.1. Pre-Construction Assessment
Elutriate and mainstem river water concentrations were

ET AL.

significantly different among sites for all analyzed nutrients (Figure 2). However, significant differences within
a particular site were rare for TN, NO3-NO2, and TOP. In
these rare cases, Barney river water concentrations were
higher than Barney elutriate samples (Figure 2). In contrast, significant differences within sites were common
for TP; however, these differences were again the result
of higher concentrations in the river water compared to
the elutriate samples (Figure 2).
Elutriate and monitoring station concentrations were
also significantly different for all analyzed nutrients (Figure 3). For TN, significant differences were rare when
comparing elutriate concentrations to monitoring station
concentrations (Figure 3). Similarly, significant differences were rare when comparing elutriate concentrations to monitoring station concentrations for NO3-NO2
(Figure 3). In contrast to TN and NO3-NO2, no monitoring stations had significantly lower TP or TOP concentrations compared to elutriate concentrations (Figure 3).

3.2. Post-Construction Assessment
All five sites were sampled during 2009, except Lisbon
and Overton during November. During 2010, all sites were
sampled, except Tobacco. Lisbon and Overton were not
sampled during May 2010. Nutrient concentrations differed among months for each site; however, concentrations did not differ among sample locations at any site
(Figure 4 and Table 1). The interaction term (month ×
sample location) for each MANOVA was not significant.

Figure 2. Box plots (showing 5th, 25th, 50th, 75th and 95th percentiles) of total nitrogen, nitrate-nitrite, total phosphorus and
total ortho-phosphorus concentrations for elutriate samples using sediment from pre-construction chute sites (BARN =
Barney, WOLF = Wolf, BENE = Benedictine, BAKE = Bakers, JAME = Jameson and CORA = Cora) and for water samples
from adjacent, upstream Missouri River sites. Box plots with same letter are not statistically (α = 0.05) different.
Copyright © 2013 SciRes.
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Figure 3. Box plots (showing 5th, 25th, 50th, 75th and 95th percentiles) of total nitrogen, nitrate-nitrite, total phosphorus and
total ortho-phosphorus concentrations for elutriate samples from pre-construction chute sites (BARN = Barney, WOLF =
Wolf, BENE = Benedictine, BAKE = Bakers, JAME = Jameson and CORA = Cora) and water samples from Missouri River
monitoring stations (RULO = Rulo, ATCH = Atchison, SIBL = Sibley, WAVE = Waverly, GLAS = Glasgow, MARI = Marion,
HERM = Hermann, WELD = Weldon Springs). Box plots with same letter are not statistically (α = 0.05) different.
Table 1. Results of multivariate analysis of variance assessing differences in total nitrogen, total phosphorus, and total
suspended solids among months and sample locations (i.e.,
mainstem, chute inlet, and chute outlet) for each post-construction site during 2009 and 2010.
Site
California

Tobacco

Hamburg

Lisbon

Overton

Factor

F

P

Month

22.5

<0.001

Sample Location

2.3

0.06

Month

2.7

0.03

Sample Location

1.3

0.35

Month

13.1

<0.001

Sample Location

2.2

0.08

Month

7.9

<0.001

Sample Location

1.1

0.40

Month

13.6

<0.001

Sample Location

1.3

0.33

At California, concentrations of TN, TP and TSS differed among months sampled. Monthly differences in TN
usually occurred when comparing 2009 sampling months
to 2010 with few significant differences occurring among
sampling months within a particular year (Figure 4).
Monthly differences in TP were common with signifiCopyright © 2013 SciRes.

cantly higher concentrations during July and August of
2010 than any other month sampled (Figure 4). Monthly
differences in TSS were also common with significantly
higher concentrations during August 2009 than any other
month sampled (Figure 4). At Tobacco, TN concentrations differed among months sampled. Monthly differences in TN were common with significantly higher concentrations during November 2009 than any other month
sampled (Figure 4). In contrast, TP and TSS did not differ among months sampled (Figure 4). At Hamburg,
concentrations of TN, TP and TSS differed among months.
Monthly differences in TN were common with significantly higher concentrations during May and July of
2010 than any other month sampled (Figure 4). Monthly differences in TP and TSS were also common with
significantly higher concentrations during July 2010
than any other month sampled (Figure 4). At Lisbon,
concentrations of TN, TP and TSS differed among
months. Monthly differences in TN, TP and TSS were
common with significantly higher concentrations during
July 2010 than any other month sampled (Figure 4). At
Overton, concentrations of TN, TP and TSS differed
among months. Monthly differences in TN, TP and TSS
were common with significantly higher concentrations
during July 2010 than any other month sampled (Figure
4).
JWARP
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Figure 4. Total nitrogen, total phosphorus and total suspended solids (TSS) concentrations for chute inlet, chute outlet and
adjacent, upstream Missouri River sites (mean + SE) at California, Tobacco, Hamburg, Lisbon and Overton chutes. Months
with same letter are not statistically (α = 0.05) different.
Copyright © 2013 SciRes.
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4. Discussion
The addition of sediment from project locations to water
samples collected from the mainstem of the Missouri
River did not significantly increase nutrient concentrations (relative to water-only samples) during the preconstruction assessment suggesting that chute construction activities may have little local effect on Missouri
River nutrient concentrations. Similarly, comparisons
with monitoring stations found that elutriate TP and TOP
concentrations were not usually higher than the ambient
conditions found in the mainstem Missouri River. In fact,
the elutriate TP concentrations were often drastically
lower than concentrations sampled during a wide range
of flow events at these monitoring stations. Phosphate
has a high affinity for mineral surfaces and easily adsorbs
to sediment particles and soil [22]. Phosphorus transport
is often driven by the movement of particles in streams,
particularly in sediment-rich systems [23]. Our TP and
TOP results suggest that the introduction of sediment
from habitat creation projects may cause phosphorus to
bind with the sediment particles and settle out of suspension; these particles may then be transported as bedload
or redeposited downstream of the project location.
Ambient TN and NO3-NO2 concentrations at monitoring stations were also similar to elutriate concentrations,
except at Hermann. This could be a function of location
because Hermann is located downstream of two major
tributaries (Gasconade and Moreau rivers) that drain watersheds with relatively little agricultural activity and
another major tributary (Osage River) with multiple reservoirs resulting in a potential dilution effect. Blevins et
al. [24] suggested that total organic nitrogen and TN
loadings between St. Joseph, MO and Hermann, MO
experienced a dilution effect. Despite few significant
differences in TN and NO3-NO2 concentrations, visual
comparisons of box plots showed that median elutriate
concentrations at Benedictine, Bakers and Jameson were
often located near the upper range of concentrations
sampled at our monitoring stations, which suggests that
an increase in TN and NO3-NO2 concentrations in the
Missouri River during chute construction may occur;
however, the range of elutriate concentrations for these
proposed construction sites still overlapped considerably
with the range of monitoring station concentrations, especially for TN. Thus, the elutriate-monitoring comparisons further support the position that an increase in nutrient concentrations during chute construction is unlikely.
Even if chute construction activities were expected to
significantly increase nutrient concentrations, this increase would likely be temporary because the major influx of sediment likely occurs during the initial dredging
of the pilot chute and subsequent iterations of erosion
and deposition as the chute is allowed to develop and
Copyright © 2013 SciRes.
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widen. As a chute develops, control structures are usually
already in place to limit the amount of flow into the chute
and ensure that other authorized Missouri River purposes
(e.g., navigation) are not jeopardized [17]. Some erosion
will still take place as the chute continues to develop and
maintain habitat through natural erosional and depositional processes; however, this sediment influx will
likely be less compared to influxes occurring after the
initial dredging of the pilot channel. Furthermore, chutes
experience channel evolution processes [25] and may
reach dynamic equilibrium (e.g., [19]) when erosional
and depositional processes are approximately balanced;
thus, chute sediment contributions may decrease with
time as a chute approaches dynamic equilibrium and becomes more stable. Additionally, deposition within certain areas of a chute is also likely, which could partially
offset some of the erosion that may continue in other
areas of a chute.
The post-construction assessment yielded results similar to the pre-construction assessment because individual
chutes had little effect on nutrient concentrations of water samples collected during post-construction monitoring. Sampling month was the only significant MANOVA
factor at all five post-construction sites. Most of the statistical differences resulted from higher nutrient concentrations during the 2010 summer months, especially July;
much of the lower Missouri River basin experienced
heavy precipitation during this period (as evidenced by
relatively high flows) likely causing increased runoff of
nutrients. Numerous studies have identified precipitation
as an important factor facilitating the transport of nitrogen and phosphorus to streams (e.g., [26-29]) with agriculture (e.g., farm fertilizer) identified as the dominant
source of TN and TP throughout most of the Missouri
River Basin [18,27]. In contrast, nutrient concentrations
were not significantly different among sample locations
at any of the five post-construction sites using α = 0.05.
Similarly, Jacobson et al. [30] concluded that individual
Missouri River chute construction projects are unlikely to
significantly increase nitrogen and phosphorus concentrations. At most, the Jameson Island chute construction
project increased TN and TP loads by 0.23% and 2.6%,
respectively, relative to annual loads at Hermann, MO
[30]; these percentages assumed that all of the sediment
was transported by the river in a single year and that nutrient concentrations in the soil were uniform with depth
as samples were mainly taken from the fine material in
the upper two-thirds of the excavated material. Typically,
Missouri and Mississippi River sediment depositional
and retention processes will disperse the sediment load
over the course of years [5]. Furthermore, the Jameson
Island chute construction project represented only 0.15%
and 2.1% of the estimated annual TN and TP loadings,
respectively, delivered to the Mississippi River from the
Missouri River Basin [18].
JWARP
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Although the cumulative effects of sediment reintroduction from SWH restoration efforts on Missouri River
water quality are unknown [30], our results support the
recent conclusion of the NRC that the potential negative
effects of sediment from SWH restoration projects on
Missouri River water quality will likely be minimal [5].
In contrast, the potential benefits of these projects may
be substantial. These SWH areas are expected to provide
habitat for imperiled, native fishes, including the endangered pallid sturgeon. Additionally, SWH restoration
projects will increase floodplain connectivity (e.g., [17]),
which may also result in increased flood reduction benefits during high-water events. Restoration sites may also
eventually serve as nutrient sinks as the chutes mature.
Crites et al. [31] suggested that Buffalo Chute may have
acted as a nutrient sink for TN and TP in the Mississippi
River. Furthermore, spatially referenced regressions on
watershed attributes (SPARROW) models using data
from across the US indicated that stream channels were
often net sinks for phosphorus [27]. In contrast, SPARROW models specific to the Missouri River basin indicated that stream channels may be a net source of phosphorus [18]. However, these models also indicated that
small streams with discharges ≤1.13 m3/s were not significant sources of phosphorus because water velocities
were likely insufficient to resuspend sediment; constructed SWH chutes are designed to develop into shallow (<1.5 m), slow-water (<0.61 m/s) areas [8,14].
Therefore, constructed SWH chutes may ultimately have
velocities insufficient for sediment resuspension, which
may reduce the likelihood that constructed chutes become a significant source of phosphorus. Another potential benefit of SWH projects may include helping offset
local sediment and turbidity shortages near dredging operations or other areas of channel degradation in the
lower Missouri River [30]. Furthermore, some sediment
will likely reach the Louisiana coastal wetlands resulting
in a positive byproduct from SWH projects; however,
sediment contributions from chute construction projects
are small relative to historic sediment loads supplied by
the Missouri River and will only yield a small amount of
the sediment needed to restore the Louisiana coastal
wetlands to a near-natural state [5].
The reduction of sediment transported by the Missouri
River following the BSNP and dam construction is considered one of many important factors contributing to the
loss of Louisiana coastal wetlands [5]. Since the 1930s,
Louisiana coastal wetlands have declined by 1900 square
miles with the loss of an additional 500 square miles expected over the next 50 years despite current restoration
efforts [32]. As a result, sediment-oriented restoration
measures have been suggested including Missouri River
dam removal and the building of structures that allow
sediment to bypass these dams [4,5]. Additionally, the
Copyright © 2013 SciRes.
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Gulf Coast Ecosystem Restoration Task Force [33] recognizes a sediment deficit and calls for increased and
wiser use of sediments in habitat restoration projects.
However, the possible effects of reintroduced sediment,
including sediment from Missouri River restoration projects, on water quality and Gulf of Mexico hypoxia is
important. The NRC has considered this issue and concluded that, based on available estimates, nutrient loads
from Missouri River SWH restoration projects will likely
not affect the areal extent of the hypoxic zone [5].
Gulf hypoxia, sediment management, nutrient loadings,
and habitat restoration are just a handful of the many
socioeconomic and ecological issues facing the Mississippi and Missouri River basins. Many issues within the
basin are interconnected further complicating management decisions as well as difficulties or uncertainties in
determining the effects of certain conditions or management actions on these issues. For example, annual monitoring of the areal extent of the hypoxic zone can be difficult because many factors (e.g., river discharge, local
weather and wind conditions, and nutrient concentrations)
can considerably affect the size of the hypoxic zone in a
short time [5]. Despite the difficulties and uncertainties,
the available information suggests that the construction
of SWH restoration projects are unlikely to have a significant, negative effect on Missouri River water quality
or contribute to Gulf hypoxia. These projects are intended to return some of the natural form and function of the
Missouri River that was lost as a result of the BSNP and
the construction of mainstem dams. Additionally, these
projects are designed to meet the USFWS BIOP requirements by creating suitable habitat for young pallid sturgeon. Thus, SWH efforts could provide important local
and far-reaching, downstream benefits to aquatic habitats
and native species.
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