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Assessment of an In-Channel Redistribution Technique
for Large Woody Debris Management in Locust Creek,

Linn County, Missouri

By David C. Heimann

Abstract

The U.S. Geological Survey, in cooperation with the
Missouri Department of Conservation and Missouri Depart-
ment of Natural Resources, completed a study to assess a
mechanical redistribution technique used for the management
of large woody debris (LWD) jams in Locust Creek within
Pershing State Park and Fountain Grove Conservation Area,
Linn County, Missouri. Extensive LWD jams were treated
from 1996 to 2009 using a low-impact technique in which
LWD from the jams was redistributed to reopen the chan-
nel and to mimic the natural geomorphic process of channel
migration and adjustment to an obstruction. The scope of the
study included the comparison of selected channel geometry
characteristics and bed material particle-size distribution in
seven LWD treatment reaches with that of adjacent untreated
reaches (unaffected by LWD accumulations) of Locust Creek.
A comparison of 1996 and 2015 survey cross sections in
treated and untreated reaches and photograph documentation
were used to assess channel geomorphic change and the stabil-
ity of redistributed LWD. The physical characteristics of LWD
within jams present in the study reach during 201516 also
were documented.

Based on the general lack of differences in channel met-
rics between treated and untreated reaches, it can be concluded
that the mechanical redistribution technique has been an
effective treatment of extensive LWD jams in Locust Creek.
Channel alterations, including aggradation, streamflow piracy,
and diversions, have resulted in temporal and spatial changes
in the Locust Creek channel that may affect future applica-
tions of the redistribution technique in Pershing State Park.
The redistribution technique was used to effectively manage
LWD in Locust Creek at a potentially lower financial cost and
reduced environmental disturbance than the complete removal
of LWD.

A comparison of four channel metrics (bankfull cross-
sectional area, channel width, streamflow capacity, and
width-depth ratio) for individual treatment reaches with
adjacent untreated reaches indicated no statistically significant
difference in most comparisons. Where statistically signifi-
cant differences in channel metrics were determined between

individual reaches, the channel metrics in treatment reaches
were significantly less than adjacent untreated reaches in some
comparisons, and significantly greater than adjacent untreated
reaches in others. Without immediate posttreatment cross
sections in treated and untreated reaches for comparison, it is
impossible to say with certainty that a lack of significant dif-
ferences in channel metrics is a result of posttreatment channel
adjustment or, conversely, that any significant differences that
remain are a result of the treatment of LWD.

Characteristics of LWD in accumulations sampled within
the study area in 2015 indicate that most sampled pieces were
in the 1-2 foot diameter size class, the 5—16 foot length class,
and the advanced decay class. Most of documented LWD
pieces were loose and not buried, about 20 percent on aver-
age had a root wad attached, and about 6.5 percent on aver-
age were sawn logs. Most of sampled material was less than
one-half of the bankfull channel width, indicating it was easily
transportable, and the advanced decay class of material enter-
ing the study area indicated that it was likely sourced from
outside of Pershing State Park.

Redistributed LWD associated with treatment seems to
be intact in the 1996 treated reaches from direct observation
and from inference because there was net channel aggradation
between 1996 and 2015 in comparison surveys. The change in
channel area resulting from aggradation in time (1996 to 2015)
in treated and untreated reaches exceeded the differences
in channel characteristics between the treated and untreated
channels in 2015 surveys.

Introduction

The transport, deposition, and sequestration of large
woody debris (LWD; defined as logs and branches greater
than 0.3 foot [ft] in diameter and 5 feet in length) are integral
components of forested stream systems including those in
northern Missouri (Guyette and others, 2002; Guyette and
others, 2008). Benefits of LWD in stream channels are well
known and include providing geomorphological control (Abbe
and Montgomery, 1996; Downs and Simon, 2001; Frothing-
ham and others, 2001; Rhoads and others, 2003; Cordova and
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others, 2007) and physical habitat for aquatic communities
including fish (Angermeier and Karr, 1984; Schlosser, 1991;
Crook and Robertson, 1999; Talmage and others, 2002) and
invertebrates (Benke and others, 1985; Trotter, 1990; Everett
and Ruiz, 1993; Johnson and others, 2003; Hrodey and others,
2008).

Historically, the removal of LWD in stream channels was
one of the most common forms of stream habitat modifica-
tion in the United States (Montgomery and others, 2003). The
LWD was removed to increase conveyance, to control bank
or bed erosion resulting from deflected streamflows, or to
improve navigation. Guidelines for selective removal of LWD
formations (International Association of Fish and Wildlife
Agencies, 1983; Shields and Nunnally, 1984; Gurnell and
others, 1995) have been proposed to reduce possible adverse
effects of LWD removal on stream habitat and stability, but
the effectiveness of the guidelines as conservation practices
has not been thoroughly evaluated. The consensus among
researchers is that LWD management protocols should be as
minimally disruptive as possible (Angermeier and Karr, 1984;
Shields and Nunnally, 1984; Gurnell and others, 1995).

A substantial part of the streams in the United States have
been altered through channelization although quantitative
estimates differ (National Research Council, 1991). Streams
throughout much of northern Missouri have been channel-
ized to increase conveyance and facilitate the removal of
standing water and runoff to enhance agricultural land uses.
The increased stream slope after channelization increases
stream power and results in a sediment transport imbalance.
This imbalance commonly results in upstream degradation of
the main channel and tributary streams; bank failures along
incised reaches, particularly if riparian vegetation cover is
sparse; and subsequent infilling of the downstream reaches
of the main channel (Parker and Andres, 1976; Simon,

1989). The change in channel dimensions accompanying this
response eventually leads to aggradation and channel desta-
bilization within the incised system. Bank failures can result
not only in the delivery of large quantities of sediment but also
in substantial quantities of LWD. The recovery process after
channelization generally takes many decades (Hupp, 1992)
and depends on many factors including the extent and location
of channelization in the basin, geology, soils, streamflow, and
riparian vegetation (Hupp, 1992; Simon and Rinaldi, 20006).

Historically, LWD jams in Locust Creek have been
managed using a variety of techniques in lieu of complete
removal including manual cutting of in-channel material and
partial excavation of LWD (Tom Woodward, Missouri Depart-
ment of Natural Resources, oral commun., 2014). The most
extensive LWD jams, which required permits from the U.S.
Army Corps of Engineers for treatment, primarily have been
in reaches within Pershing State Park (fig. 1). Treatment was
done in association with permitted activities in 1996, 1999,
2002, 2003, 2005, 2008, and 2009 (fig. 2). Section 404 of the
Clean Water Act authorizes the U.S. Army Corps of Engineers
to issue permits ““for the discharge of dredged or fill material
into the navigable waters” (U.S. Environmental Protection

Agency, 2016). Fill material is any material placed in a body
of water in the United States that has the effect of replacing
any part of the water with dry land or changing the bottom
elevation. Treatments of extensive LWD jams were done
from 1996 to 2009 using a low-impact technique in which
LWD was mechanically redistributed to the inside meander
of the channel to minimize the alteration of fill material and
to minimize disturbance within the park. By redistributing the
LWD, the conveyance of the channel is increased and allows
for the natural geomorphic process of channel adjustment
(Florsheim and others, 2008) to an obstruction that includes
channel migration around the jam by means of the erosion

of the opposite bank. Treatment consisted of the mechanical
redistribution of LWD and accumulated sediments towards an
accessible side of the channel preferentially against a naturally
aggrading, inside meander for maximum stability. Complete
removal of debris would require construction of access roads
for haul trucks, corresponding destruction of riparian forests
and compaction of soils, greater financial expense than the
redistribution technique, and a potential loss of in-channel
beneficial functions of LWD. A minimum of 60 percent of
the channel was opened and any material placed on top of
the bank extended no more than 1 ft above the flood plain.
The length of the treated reaches varied from 500 to 4,000 ft
(fig. 2). The efficacy of the redistribution technique has not
been quantitatively tested to determine if the geometry and
conveyance of the treated stream channel is different from
untreated reaches with time and if the redistributed LWD was
being retained in the channel bank.

The objectives of this study were to (1) determine if
channel morphometric and hydraulic characteristics in reaches
subjected to mechanical redistribution of LWD (treated) were
different from those of adjacent untreated reaches (unaffected
by LWD accumulations), (2) document the stability of
LWD in selected treated reaches, and (3) quantify physical
characteristics of LWD in accumulations in Locust Creek
within, and near, Pershing State Park and Fountain Grove
Conservation Area.

Purpose and Scope

The purpose of this report is to summarize an assessment
of an in-channel redistribution technique used by the Missouri
Department of Natural Resources (MoDNR) and Missouri
Department of Conservation (MDC) for the management of
LWD in a 9.3-mile (mi) reach of Locust Creek within Persh-
ing State Park and Fountain Grove Conservation Area, Linn
County, Missouri (fig. 1). The scope of the study includes
the comparison of selected channel characteristics, including
channel geometry metrics and bed material particle size, in
seven treated reaches and adjacent untreated reaches of Locust
Creek. Photograph documentation was used to assess the
stability of LWD accumulations in selected treated reaches.
The physical characteristics including diameter, length, and
decay class of selected LWD in jams in Locust Creek within
the study area during 2015-16 were documented.
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Results presented in this report are intended to provide
some of the information needed by MoDNR and MDC to
determine the effectiveness of the mechanical redistribution
technique for the treatment of LWD in Locust Creek. Nation-
ally, the methods and results of this study can be used in simi-
lar studies assessing the management of LWD in other altered
stream systems.

Description of Study Area

Locust Creek originates in southern Iowa and flows
southward about 100 miles through north central Missouri
to its junction with the Grand River (fig. 1). The basin cov-
ers 648 square miles (mi?) within the Glaciated Plains natural
division (Thom and Wilson, 1980). Soil associations in the
alluvium generally are described as silty clay and silty loam
with highly erodible clay loams in the uplands (Benham,
1990). The region is rural with a declining population and
no major urban areas. The 2011 land use in the basin (fig. 3)
was predominately grassland/pasture (57 percent) followed
by forest (19 percent) and cropland (14 percent; Homer and
others, 2015). About 2 percent of the basin is in public owner-
ship (Pitchford and Kerns, 1998). The climate in the basin, as
in Missouri in general, is continental and marked by strong
seasonality; most precipitation falls in spring and early sum-
mer. The 1981-2010 average annual precipitation at Linneus,
Mo., in the central part of the basin, was 41.6 inches (National
Oceanic and Atmospheric Administration, 2017). By the
early 1920s, channelization and levee construction, funded by
private organizations, were widely implemented in the basin
upstream from the present day location of Pershing State Park
(Grantham, 1987; fig. 1).

Higgins Ditch (fig. 1), a man-made drainage ditch
constructed in the 1940s to the west of Locust Creek was
developed to facilitate drainage of Locust Creek overflows
through a part of the unchannelized reach (HDR Engineering
Inc., 2013). The formation of “pirate channels” connecting
the aggraded and “perched” Locust Creek main channel to the
lower elevation Higgins Ditch are evident in aerial photo-
graphs from the late 1990s (U.S. Geological Survey, 2015). As
of 2007, Higgins Ditch captures streamflows for the full range
of conditions through a primary avulsion (fig. 1). A second
man-made diversion, Dobbins Cut (fig. 1), was created 0.2 mi
upstream from the Higgins Ditch avulsion in August 2009
as a series of levee notches allowing a part of Locust Creek
high streamflows to flow across low-lying areas to Muddy
Creek and return back to Locust Creek 2.4 mi downstream
from Dobbins Cut as commingled Dobbins Cut/Muddy Creek
streamflow. Before the formation of Dobbins Cut, the Hig-
gins Ditch avulsion was estimated to divert about 80 percent
of Locust Creek streamflows from an 11.7 mi reach of the
remaining natural channel that passes through Pershing State
Park (Great River Associates, Inc., 2011). Since 2009, and
the formation of the Dobbins Cut, the 2.4-mi reach of Locust
Creek between the Higgins Ditch avulsion and the Dobbins
Cut/Muddy Creek return streamflow is the reach most affected
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by dewatering (Tom Woodward, Missouri Department of
Natural Resources, oral commun., 2015).

The 18.6 mi of unchannelized Locust Creek between
the northern part of Pershing State Park and the mouth has
been aggrading for decades as a result of the deposition of
large amounts of sediment from the upstream channelized
reaches. The combination of channel alterations and patchy
forested stream corridors has resulted in deeply incised and
rapidly eroding streambanks. The bank instability, in turn, has
resulted in the erosion and transport of large amounts of sedi-
ment and LWD into the remnant unchannelized part of Locust
Creek in the lower basin. The Locust Creek flood plain has
aggraded more than 10 ft in sections of Pershing State Park,
since its establishment in 1940, in response to the deposited
sediments (Grantham, 1987). In addition to sediment aggrada-
tion, numerous and extensive LWD jams have formed in the
remnant part of the lower Locust Creek channel. The LWD
jams and sediment deposits have reduced the transport effi-
ciency of the natural channel (Alexander, 1997). The reduced
conveyance of the unchannelized reach also contributed to the
formation of the avulsion and the capturing of Locust Creek
streamflows by Higgins Ditch. Deposits of LWD continue to
accumulate in the unchannelized reach downstream from the
streamflow diversions during high streamflows (most recently
in September 2014; Tom Woodward, Missouri Department
of Natural Resources, oral commun., 2015) as Locust Creek
downstream from the diversions has little stream power to
transport the LWD.

Methods

The approach used in addressing the objectives of this
study included characterizing the hydrology of the study
reach, which serves as a driving force in the delivery and
distribution of LWD and channel form, conducting stream
channel topographic surveys to determine possible differences
between treated and untreated reaches, and characterization of
the physical characteristics of LWD in accumulations. Specific
details associated with the characterization of streamflow,
channel topography, and stability and characterization of LWD
in accumulations are provided in the following sections.

Hydrologic Characterization of Lower Locust
Creek

Remediating LWD accumulations by means of a
mechanical redistribution relies on a subsequent natural
channel adjustment that depends upon a streamflow-sediment
regime that is capable of affecting change in the posttreated
channel, that is, a return to untreated (unaffected by LWD
accumulations) geometry and hydraulic conditions. Given the
rapidly changing Locust Creek channel conditions in response
to channelization, diversions, and LWD treatment, rather
than determining if the channel has adjusted to pretreated
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conditions, a more relevant question to ask is if the channel
has adjusted to conditions similar to that of adjacent untreated/
unaffected reaches. The primary driver of the adjustment
process is streamflow. Locust Creek streamflow is monitored
at a U.S. Geological Survey (USGS) streamgage near Linneus,
Mo., 4.2 mi upstream from the northern boundary of Pershing
State Park. The period of record of streamflow data is 192972
and 2001 to present (2017) water years (a water year begins
October 1 and ends September 30 and is designated by the cal-
endar year in which the period ends). The 1930 through 2016
annual peak streamflows at the Locust Creek near Linneus
streamgage (USGS station number 06901500), obtained from
the USGS National Water Information System (NWIS) data-
base (U.S. Geological Survey, 2017), were used to determine
possible significant temporal trends using the Kendall’s rank
correlation coefficient statistic (Kendall, 1975). The proportion
of Locust Creek streamflows in the multiple channels down-
stream from diversions were measured at U.S. Highway 36
bridge openings (fig. 1) in 2015 through 2017 using techniques
described in Turnipseed and Sauer, (2010). Streamflows were
measured at the Higgins Ditch, Locust Creek, and the com-
bined Dobbins Cut plus Muddy Creek bridge openings for a
range of streamflows.

The frequency of bankfull streamflows (the streamflow
that happens when the stream fills its channel and any addi-
tional discharge will result in the stream overflowing one or
both banks) along Locust Creek also was estimated for four
differing hydrologic reaches (HRs) within the study area.

The use of bankfull flows provides a means of normalizing

a hydrologic condition among altered and naturally vary-

ing channel conditions. The common bankfull streamflow
condition also has been determined to be responsible for
most of the geomorphic work in determining channel shape
and dimensions (Leopold and others, 1964). The hydrologic
reaches within the study area includes a 2-mi channelized
reach between the upstream boundary of Pershing State Park
and the Dobbins Cut diversion (HR1), a 2.4-mi dewatered
reach downstream from the diversions and upstream from

the Muddy Creek/Dobbins Cut streamflow return (HR2), a
9.3-mi partially dewatered reach downstream from the Muddy
Creek/Dobbins Cut return and upstream from the Higgins
Ditch/Hickory Branch return in Fountain Grove Conservation
Area (HR3) and a 6.9-mi reach downstream from the Higgins
Ditch return to the mouth of Locust Creek (HR4, fig. 1). The
annual frequencies of bankfull streamflow with time were
estimated for each of the four HRs using streamflow time
series from the Locust Creek at Linneus streamgage, channel
cross sections and slope obtained from topographic surveys,
measured channel and simulated hydraulic conditions in
Alexander (1997), the Natural Resources Conservation Ser-
vice xsecAnalyzer worksheet (version 1.5; Natural Resource
Conservation Service, 2016), and estimates of the temporal
development of streamflow diversions from Locust Creek to
Higgins Ditch and Dobbins Cut (fig. 4). The Locust Creek at
Linneus daily mean streamflow (1930-2016 water years) and
15-minute (2000-2016) time series were obtained from the
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NWIS (U.S. Geological Survey, 2017). Channel surveys were
done using a total station and Differential Global Position-
ing System (DGPS) instrumentation to determine horizontal
position and elevations. The xsecAnalyzer worksheet uses the
Manning’s uniform flow equation to estimate streamflows at
the specified location for incremental channel elevations based
on input cross section topographic points, channel slope, and
Manning’s roughness coefficients (n-values). Active channel
n-value estimates ranged from 0.04-0.05 and vegetated chan-
nel and flood plain n-values estimates ranged from 0.07-0.12
based on Barnes (1967). A polynomial curve (Helsel and
Hirsch, 2002) was fitted to discrete estimated (estimated
assuming a 110 to 150 percent greater streamflow capac-

ity before the effects of aggradation) and computed bankfull
(determined from channel surveys and xsecAnalyzer) stream-
flow capacities for each reach (fig. 5) to estimate the frequency
of bankfull streamflows for 1930-2016. The frequency of
annual bankfull streamflows in each hydrologic reach was
determined by comparing the daily (1930-2016) and 15-min-
ute (2001-2016) streamflows against the corresponding bank-
full streamflow threshold as determined using the estimated
streamflow corresponding to the physical top of the lowest
elevation streambank.

Stream Channel Surveys

Channel cross sections were surveyed within reaches
documented to have undergone LWD redistribution (treated)
and in adjacent untreated reaches (unaffected by LWD accu-
mulations) using a total station and DGPS to compare the
long-term effects of mechanical redistribution of LWD on
channel morphology and channel hydraulic properties. The
starting locations of 10 channel cross sections were selected
at random for surveying at equal-interval spacing (spac-
ing depended on reach length and ranged from 40 to 370 ft)
within seven documented treated areas (fig. 2). For compari-
son, an additional 30 channel cross sections were surveyed in
untreated reaches distributed upstream and downstream from
the treated areas (fig. 2). The starting points of cross sections
within untreated reaches also were selected at random and col-
lected at an equal spacing to that of the adjacent treated reach.
Selected channel metrics (bankfull cross-sectional area, bank-
full top width, bankfull width/depth ratio, bankfull stream-
flow capacity) of each cross section were computed using
the National Resource Conservation Service xsecAnalyzer
worksheet (Natural Resources Conservation Service, 2016).
Channel metrics were plotted by longitudinal distance from
a common reference location and by year of treatment. The
overall distributions of selected channel metrics from treated
and untreated reaches were statistically compared using a rank
sum test (Helsel and Hirsch, 2002) and a significance level of
0.05. Similarly, the selected channel metrics of the 10 channel
cross sections in treated reaches were statistically compared to
those computed for the nearest 5 upstream and 5 downstream
cross sections in untreated reaches using a rank sum test and
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Figure 4. Hypothetical temporal change in Locust Creek streamflow. A, Streamflow downstream from Dobbin’s Cut diversion.

B, Streamflow downstream from Higgins Ditch avulsion.



10,000
9,000
8,000
7,000
6,000
5,000
4,000
3,000
2,000
1,000

0

10,000
9,000
8,000
7,000
6,000
5,000
4,000
3,000
2,000
1,000

0

10,000
9,000
8,000
7,000
6,000
5,000
4,000
3,000

Estimated bankfull streamflow threshold, in cubic feet per second

2,000
1,000

0
10,000

9,000
8,000
7,000
6,000
5,000
4,000
3,000
2,000
1,000

0
May Apr.

. _ y=—1.668x10-4x2+0.0297x+ 8816
—v——_

-~
—~—9_
\\

— A. Hydrolo
|

gic reach 1

—_—

-~

~ B. Hydrolo
|

y=-5.1x10"%3+3.618 x10-°x?—0.852x+ 11,170

—_———,——

gic reach 2

~

~ C. Hydrolog
|

—_——

y=411x10"""%%+2.76 x 10 5x%—0.632x+ 9,940

———

icreach3

L

-

~

N

o — — — — — —‘—\_\_/53.91><10"°x1+0.133x+4,950

~ D. Hydrologic reach 4

-
~
\0\

~

~

~,

L

1927 1938

Figure 5.

Apr.
1949

Mar.
1960

Mar.
1971

Date

Feb.
1982

Jan.
1993

Jan.
2004

Dec.
2014

Methods

EXPLANATION
Estimated point
Calculated/estimated from Alexander (1997)
Calculated from 2015-16 channel surveys
y, estimated bankfull streamflow in cubic feet per second

x, days since January 1, 1900

Estimated temporal change in the bankfull streamflow threshold in Locust Creek hydrologic reaches 1-4,
1930-2016 water years.



10 In-Channel Redistribution Technique for Large Woody Debris Management in Locust Creek, Linn County, Missouri

significance level of 0.05. Bed material samples were collected
from the top 6 inches of the streambed from three locations
(left, center, right) in each surveyed cross section. The three
samples were composited and analyzed for six particle-size
classes (less than (<) 2 millimeters (mm), <1 mm, <0.5 mm,
<0.25 mm, <0.125 mm, and <0.063 mm) at the USGS sedi-
ment laboratory in Rolla, Mo., using the dry-sieve method as
described in Guy (1969).

Assessment of Stability of Large Woody Debris

Channel change and stability after treatment were deter-
mined by comparing 1996 cross-section survey data to that
of 2015 surveys and by photograph documentation of post-
treatment conditions in select treated reaches. Nine channel
cross sections surveyed in April 1996 (Alexander, 1997), six
in a treated reach and three in an adjacent untreated reach,
were compared with cross sections in corresponding loca-
tions surveyed in August 2015 (fig. 2). The stability of treated
LWD accumulations from 2008 and 2009 treatments also
were documented through 2010-2013 photograph documen-
tation of treated reaches done by the MoDNR (Tom Wood-
ward, Missouri Department of Natural Resources, written
commun., 2017).

Characterization of Large Woody Debris

Physical characteristics of LWD in five accumula-
tions within the study area were determined between March
2015 and April 2016. Characteristics documented for each
piece included the diameter class (0.3—<1 ft, 1-2 ft, 2-2.6 ft,
2.6-3.3 ft, and greater than (>) 3.3 ft), length class (516 ft,

Table 1.

[>, greater than; %, percent; cm, centimeters]

>16-50 ft, >50-100 ft, and >100 ft), decay (Jones and Daniels,
2008; Jones and others, 2010) and position class (table 1), and
presence of root wad or saw marks. The listed characteristics
were tallied by class for the first 100 pieces of LWD detected
in an accumulation with surveys designated as starting from
the upstream or downstream extent of the accumulation.

Assessment of In-Channel Large
Woody Debris Redistribution
Technique

The results of the analyses of the hydrology, channel
topographic surveys, and physical characteristics of LWD
in accumulations in Locust Creek were used to assess the
effectiveness of a mechanical redistribution technique to man-
age LWD accumulations in and near Pershing State Park. A
discussion of specific information for each of these topics is
provided in the following sections.

Hydrology of Lower Locust Creek

The sum of streamflows was measured at the Highway 36
bridge openings for Locust Creek, Higgins Ditch, and Dobbins
Cut combined with Muddy Creek, and ranged from 200 to
10,700 cubic feet per second on several dates in 2015 through
2017 (table 2). The distribution of streamflows through the
bridge openings indicated that Higgins Ditch captured from
74 to greater than 99 percent of Locust Creek streamflow
depending on the condition. The HR2 reach of the Locust
Creek channel conveyed from 0 to about 8 percent of total

Large woody debris position and decay class category descriptions.

Position classes'

Anchor
Loose/matrix
Buried

Log spans most or all of wetted channel and movement is impeded by contact with bank or streambed.
Log spans less than wetted width and movement is impeded by downstream/adjacent logs.

Log is fully or partly incorporated into the streambed or the sides of the streambank.

Decay classes'

I Wood has >75% bark still intact, bark adheres tightly; branches have fine (third order) branchlets; sapwood is sound, and

log retains structural integrity.

II Wood has 25-75% bark intact, which, in places, is loosely attached to the bole; first-order branches have a solid connec-
tion to the bole; wood is solid with evidence of decay on some outer sections of sapwood only.

I Wood has 0-25% bark present, adhering loosely to the sapwood; first-order branches and branch nubs are present; along
some parts of the bole, wood shows significant signs of decay to depths of 5-10 cm.

v Bark is no longer attached; branch nubs only are present; along some parts of the bole, wood is soft, crumbly, or fibrous,
and decay can penetrate nearly through the heartwood.

"Position and decay classes from Jones and Daniels (2008) and Jones and others (2010).
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streamflows, and the Dobbins Cut plus Muddy Creek inflows
represented from less than 1 to about 19 percent of the total
streamflow past U.S. Highway 36 (table 2); therefore, the
streamflow in HR3 downstream from the Dobbins Cut plus
Muddy Creek inflow can be substantially augmented by these
inflows.

Streamflow diversions and channel aggradation have had
substantial effects on the frequency of bankfull streamflows in
the Locust Creek study reach. The greatest change in Locust
Creek hydrology in the 1930-2016 analysis period was in
HR2 within Pershing State Park as a result of the development
of an avulsion and diversion of streamflow into Higgins Ditch.
The pirating of Locust Creek streamflows by Higgins Ditch
has been increasing in the last 2 decades (as depicted in fig. 4)
as has aggradation in the Locust Creek channel. Of the four
defined hydrologic reaches in the study area (fig. 1), the great-
est frequency of bankfull streamflows between 1930 and 1972
(fig. 6) was estimated to have happened in HR2. Since 2001,
however, and after Locust Creek diversions, the least bankfull
streamflows have happened in HR2 (18), and the streamflow
likely did not exceed the bankfull threshold in this reach
between 2004 and 2016 (fig. 7); therefore, the hydrologic and
hydraulic conditions present during the LWD treatment in
HR2 in 1996 (fig. 3) have been substantially altered because
only 0 to about 8 percent of Locust Creek total streamflow
downstream from the diversions is now (2017) carried through
this reach depending on time and the magnitude of streamflow
(table 2). The bankfull streamflow threshold was exceeded
periodically during 2004 to 2016 in the downstream HR3 as a
result of Locust Creek streamflows being augmented by Dob-
bins Cut diversion returns, beginning in 2009, and by Muddy
Creek inflows. Channel aggradation and diminishing channel
capacity are the primary factors accounting for the increases in
the frequency of bankfull streamflows in HR1 and HR4, dur-
ing the 2001 through 2016 period compared to the 1930-1972
period (fig. 6). Based on 66 annual peak streamflows at the
Locust Creek near Linneus streamgage during 1930 to 2016,
there was not a statistically significant temporal trend in the
magnitude of annual peak streamflows (Kendall’s tau=0.161,
p=0.00).

Comparison of Channel Metrics for Treated and
Untreated Reaches

There were no significant differences in the overall
distributions of bankfull channel cross-sectional area (p=0.09),
bankfull channel width (p=0.39), or bankfull streamflow
capacity (p=0.32) among treated and untreated reaches;
however, the overall median width-depth ratio in treated
reaches (19.6) was significantly (p=0.02) greater than in
untreated reaches (17.2; table 3). The significant difference in
total width-depth ratio between treated and untreated reaches
primarily was attributable to the values from the 2002 treated
reach because removing these values results in no significant
difference (p=0.081). A comparison of these channel metrics
of individual treated reaches with adjacent untreated reaches
indicated no significant difference in most (16 of 28) compari-
sons. Where significant differences in channel metrics were
determined between individual reaches, the channel met-
rics in treated reaches were significantly less than untreated
reaches in some cases, and significantly greater than adjacent
untreated reaches in others. The greatest number of significant
differences (5) between treated and untreated reaches was
determined for bankfull channel cross-sectional area, whereas
the least were determined for width-depth ratio and bank-
full streamflow capacity (2; table 3). Channel metrics were
more closely correlated with a change in longitudinal chan-
nel distance than with years of treatment (figs. 8-9), possibly
indicating a basin-scale channel control rather than a local
LWD treatment control. There were no substantial differences
in bed material particle-size distribution between treated and
untreated reaches that would indicate obvious differences in
competency and sediment transport characteristics between
treated and untreated reaches (fig. 10, table 4).

The bankfull streamflow threshold was exceeded more
than 18 times in HR2 since the earliest LWD treatment in
1996 (fig. 6), and 25 times in HR3 since the last treatment in
2009 (and after the creation of the Dobbins Cut diversion and
return) indicating substantial opportunity for “geomorphic
work” to be done within the channel. Without immediate

Table 2. Distribution of Higgins Ditch, Locust Creek, and Dobbins Cut plus Muddy Creek streamflows through bridge

openings at U.S. Highway 36 at Pershing State Park.

[ft*/s, cubic feet per second; %, percent; >, greater than; <, less than]

Total measured

Higgins Ditch streamflow

Locust Creek streamflow Combined Dobbins Cut plus

Date strt::;;l;;ow (% of total) (% of total) Muddy gzeszt 0sttar:e)amflow
4/30/2015 200 >99 0 <1
7/13/2017 3,360 84.6 6.6 9.0
3/30/2017 5,810 75.8 8.37 15.8
7/29/2015 7,960 73.7 7.13 19.2
4/6/2017 10,700 90.5 4.80 4.73
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Table 3. Comparison of bankfull cross-sectional channel area, bankfull channel width, bankfull width-depth ratio, and bankfull
streamflow capacity in Locust Creek reaches treated with mechanical redistribution of large woody debris and in untreated reaches.

[ft?, square feet; ft3/s, cubic feet per second; p-value, statistical probability level; values shaded in gray are statistically significant]

Bankfull channel

Treat- cross-sectional area Bankfull channel width Bankfull width-depth ratio Bankfull streamflow capacity
ment Median (ft}) Median (feet) Median (unitless) Median (ft/s)

year p-value p-val p-value p-value

Treated Untreated Treated Untreated Treated Untreated Treated Untreated

All 623 671 0.094 109 107 0.393 19.6 17.2 0.022 1,470 1,500 0.319
1996 594 633 0.166 106 118 0.218 20.0 21.6 0.579 1,330 1,350 0.631
1999 577 656 0.007 109 107 0.796 19.0 17.7 0.739 1,320 1,460 0.007
2002 1349 805 0.002 228 104 <0.001 37.6 13.0 <0.001 2,310 2,370 0.481
2003 638 728 0.023 106 104 0.971 17.3 16.2 0.280 1,310 1,820 0.012
2005 902 805 0.166 137 104 <0.001 21.7 13.0 0.001 2,130 2,370 0.075
2008 591 656 0.036 104 107 0.684 18.9 17.7 0.800 1,400 1,460 0.739
2009 547 656 0.001 98 107 0.043 18.3 17.7 0.580 1,458 1,460 0.971

posttreatment cross sections in treated and untreated reaches
for comparison, it is impossible to say with certainty that the
lack of significant differences in channel metrics is a result
of channel adjustment, or conversely, that any significant dif-
ferences that remain are a result of treatment. What is known
is that before treatment, the treated reaches contained LWD
jams; the LWD was mechanically redistributed to reopen

the channel; and after 18 to 25 bankfull streamflow condi-
tions, in most cases, the selected channel metrics of treated
reaches were not significantly different from those of untreated
reaches.

Channel Change and Large Woody Debris
Stability after Treatment

Six cross sections that were surveyed in 1996 before
LWD treatment and three cross sections surveyed in 1996 in
an untreated reach were compared with 2015 surveys at the
same locations (fig. 2, table 5, fig. 11). Redistributed LWD
associated with treatment seems to be intact in the 1996
treated reaches as the channel changes indicate the 1996
LWD treatment reach underwent net aggradation between the
1996 and 2015 surveys; furthermore, the change in channel
cross-sectional area resulting from aggradation exceeded net
differences resulting from LWD treatment (table 5). The net
aggradation provided stability in sequestered LWD, but also
resulted in a reduction in cross-sectional area, channel slope,
and bankfull streamflow capacity (table 5). This was true of
the treated and untreated sections of this reach. Differences
among cross-sectional area, slope, and bankfull streamflow
capacity between treated and untreated reaches within a given
year (1996 or 2015) were substantially less than the differ-
ences between years (table 5).

Photographs taken annually between 2010 and 2013
after treatment in the 2008 and 2009 treatment reaches also
document the stability of LWD in these reaches (figs. 12—13).
Several factors can affect the stability of redistributed LWD
material including streamflow; size, orientation, and placement
location (inside or outside the meander) of LWD; composi-
tion of sediments incorporated into the redistributed material;
and the timing and composition of associated reestablished
vegetation. The specific factors accounting for the stability of
the redistributed LWD were not determined in this study; nev-
ertheless, there was little apparent change in the redistributed
LWD at these locations along with substantial revegetation on
the redistributed material.

Physical Characteristics of Large Woody Debris

Characteristics of LWD jams sampled within the study
area in 201516 indicated that most sampled LWD pieces
were in the 1-2 ft diameter size class (average 63 percent), the
5-16 ft length class (average 75 percent), and decay class III
(average 63 percent; table 6). In addition, most documented
LWD pieces were loose and not buried (average 90 percent),
about 20 percent on average had a root wad attached, and
about 6.5 percent on average were sawn logs. Temporal vari-
ability in the diameter size class of LWD in the most upstream
accumulation was evident because the 0.3—1 ft diameter size
class was not represented in the April 2015 survey but repre-
sented most LWD sampled in the October 2015 survey after an
influx of material into the upstream end of the accumulation
during spring and summer high streamflows.

Characteristics of LWD in accumulations near the
upstream border of Pershing State Park indicate most LWD
is easily transported and likely sourced from outside the park
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as material in accumulations was small (less than one-half
of bankfull channel width) and within decay class III or I'V.
The decay class indicates that the material has been in the
system long enough, or traveled long enough, to have lost all
or most bark and decay of heartwood is evident. On average,
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20 percent of LWD pieces had an attached root wad indicating
the likely source was from streambank failure. Most LWD,
therefore, was removed branches or trunk fragments. Aerial
surveys in the upstream parts of the basin indicate a contin-
ued and pervasive sourcing of LWD to the system through
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numerous areas of bank instability (Tom Woodward, Missouri  (Bilby and Ward, 1991; Martin and Benda, 2001). When the

Department of Natural Resources, oral commun., 2016). ratio of the length of LWD pieces to channel width is <0.5, the
Factors that can affect the mobility of LWD in the stream  stream generally controls the distribution of LWD; therefore,
channel include streamflow characteristics, length of LWD in natural systems the density of LWD jams will decrease as

relative to the channel width, root wads, and bank stability channel size increases in a downstream direction (Sedell and
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others, 1988). In the highly altered Locust Creek Basin, the
effects of channelization and land-use changes, and the result-
ing bank instability, have resulted in a likely increase in the
delivery of LWD compared with the prechannelized system.
Concurrently, sediment deposition and streamflow diver-
sions have resulted in a substantial reduction in stream power
and capacity to transport material through the downstream

unchannelized part of Locust Creek. The altered system also is
highly dynamic and, currently (2017), the reduced streamflow
and stream power downstream from the diversions, combined
with the recent (2014) formation of an LWD accumulation at
the site of the diversions, substantially limits the transport of
LWD into Pershing State Park.
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Table 5. Comparison of selected channel characteristics from 1996 and 2015 cross section surveys in treated and untreated reaches.

[ft?, square feet; ft/ft foot per foot; ft¥/s, cubic feet per second]

Mean cross-sectional area

Mean channel slope

Mean bankfull streamflow

Survey year Treated  Untreated Difference Treated Untreated Difference Treated Untreated Difference
(ft2) (ft2) (percent) (ft/ft) (ft/ft) (percent) (ft3/s) (ft}/s) (percent)
1996 684 662 -3.2 0.00311 0.00256 -17.7 3,776 3,087 -18.3
2015 579 588 1.5 0.00068 0.00062 —8.8 1,302 1,127 -13.5
19962015 -15.3 -11.2 —78.1 =75.8 —65.5 —63.5

percent change
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Year 1, 2010, "As much material as possible was incorporated into the Year 2, 2011, “Sediment in and around the large woody debris is eroding,
bank. The excess, which was mostly the larger and heavier material, but the material is still stable. ” (2 bankfull streamflows in 2011 water
was placed on top. Stable bank material locked in place.” (10 bankfull year, 12 cumulative).

streamflows in 2010 water year, 10 cumulative).

AN .

Year 3, 2012, “Lost 1 foot of bank material at top of bank. Large woody Year 4, 2013, “No change, bank and large woody debris stable.
debris still in place.” (0 bankfull streamflows in 2012 water year, Substantial woody vegetation established on large woody
12 cumulative). debris.” (5 bankfull streamflows in 2013 water year, 17 cumulative).

Figure 12. Photographs and field notes documenting the status of redistributed large woody debris in the Locust Creek 2008
treatment reach during 2010-13.
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Year 2, 2011, “No change noted at this location. Woody material has

Year 1, 2010, “Left decending bank, material pulled to this side.”
(10 estimated bankfull streamflows in 2010 water year, not moved.” (2 estimated bankfull streamflows in 2011 water year,
12 cumulative).

10 cumulative).

AN .

Year 4, 2013, “No changes noted.” (5 estimated bankfull streamflows in

Year 3,2012, “No changes to bank, sediment at toe/low water,
vegetation growth.” (0 estimated bankfull streamflows in 2012 water 2013 water year, 17 cumulative).

year, 12 cumulative).
Figure 13. Photographs and field notes documenting the status of redistributed large woody debris in the Locust Creek 2009

treatment reach during 2010-13.
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Summary and Conclusions

The U.S. Geological Survey, in cooperation with the Mis-
souri Department of Natural Resources and Missouri Depart-
ment of Conservation, completed a study to assess a mechani-
cal redistribution technique used to manage large woody
debris (LWD) jams in Locust Creek within Pershing State Park
and Fountain Grove Conservation Area, Linn County, Mis-
souri. Extensive LWD jams were treated from 1996 to 2009
using the low-impact technique in which LWD from the jams
was redistributed to the inside meander to mimic the natural
geomorphic process of channel migration and adjustment to
an obstruction. The scope of the study included a comparison
of selected channel characteristics, including four channel
geometry metrics and bed material particle size, in seven LWD
treatment reaches and adjacent untreated (unaffected by LWD
accumulations) reaches of Locust Creek. A comparison of
1996 and 2015 survey cross sections in treated and untreated
reaches along with photograph documentation were used to
assess the stability of redistributed LWD. The physical charac-
teristics of LWD within jams present in the study reach during
2015-16 also were documented.

The hydrology of Locust Creek is an important consid-
eration in managing LWD because it is a primary factor in the
transport of material and channel adjustments after treatment.
Streamflow diversions on Locust Creek have resulted in four
distinct hydrologic reaches within the study area. The stream-
flow diversions and channel aggradation associated with
historical upstream channelization have had substantial effects
on the bankfull streamflow capacity and frequency of bankfull
flows in the Locust Creek study reaches.

There were no significant differences in the overall
distributions of bankfull cross-sectional area, channel width,
or streamflow capacity between treated and untreated reaches;
however, the overall median width-depth ratio in treated
reaches was significantly greater than in untreated reaches. A
comparison of these channel metrics of individual treatment
reaches with adjacent untreated reaches indicated no signifi-
cant difference in most (16 of 28) comparisons. Where signifi-
cant differences in channel metrics were determined between
individual reaches, the channel metrics in treated reaches were
significantly less than untreated reaches in some cases, and
significantly greater than adjacent untreated reaches in others.
Channel metrics were more closely correlated with a change in
longitudinal channel distance than with the time of treatment,
possibly indicating a basin-scale channel control rather than a
LWD treatment control. There were no substantial differences
in particle-size distribution of channel-bed material in treated
and untreated reaches that would indicate obvious differences
in competency and sediment transport characteristics between
the treated and untreated reaches.

The bankfull streamflow threshold was exceeded an
estimated 18 to 25 times in the seven large woody debris
treatment reaches since the treatments indicating a substantial
opportunity for “geomorphic work™ to be done within the
channel. Without immediate posttreatment cross sections in

treated and untreated reaches for comparison, it is impossible
to say with certainty that a lack of significant differences in
channel metrics is a result of channel adjustment or, con-
versely, that any significant differences that remain are a result
of treatment. If the lack of significant differences among chan-
nel metrics in most treated and untreated reach comparisons

is an indication of channel adjustments after treatment, then
these adjustments happened despite an increase in streamflow
diversions and reduced stream power during the treatment
period.

Six cross sections that were surveyed in 1996 before
LWD treatment and three cross sections surveyed in 1996
in an untreated reach were compared with 2015 surveys at
the same locations to assess stability in the sequestered large
woody debris and the channel geometry. Redistributed LWD
associated with treatment seems to be intact in the 1996
treated reaches from direct observation and from inference
because there was net aggradation between the 1996 and 2015
surveys. The change in channel area resulting from aggrada-
tion in time in treated and untreated reaches exceeded the
differences between the treated and untreated channels from
2015 surveys. This difference indicates that the reach adjust-
ments to larger scale changes (aggradation downstream from
channelized reaches) in the basin with time exceed those
differences resulting from the treatment of LWD. Photographs
taken annually between 2010 and 2013 after treatment in the
2008 and 2009 treatment reaches also document the stability
of LWD in these reaches.

Characteristics of LWD in accumulations sampled within
the study area in 2015—16 indicate that most sampled pieces
were in the 1-2 foot diameter size class, the 5-16 foot length
class, and the advanced decay class. Most documented LWD
pieces were loose and not buried, about 20 percent on aver-
age had a root wad attached, and about 6.5 percent on average
were sawn logs. Characteristics of LWD in accumulations in
Pershing State Park indicate most LWD is easily transported
and likely sourced from outside of the park. The highly altered
Locust Creek system is highly dynamic and in the current
(2017) system the reduced streamflow and stream power
downstream from the diversions, combined with the recent
(2014) formation of an LWD accumulation at the site of the
diversions, now substantially limits the transport of material
into Pershing State Park.

Based on the general lack of differences in channel
metrics between treated and untreated reaches, determined
7—19 years after treatment, it can be concluded that the
mechanical redistribution technique has been an effective
treatment of LWD in Locust Creek. Given a lack of informa-
tion on channel metrics immediately after the treatments, the
determination of the rate and the specific mechanisms of chan-
nel adjustment to treatment were not possible. The conclu-
sion can be drawn despite the complicating effects of channel
alterations that have happened in the unchannelized section
of Locust Creek including channel aggradation, streamflow
piracy, and streamflow diversions. These alterations have
resulted in temporal and spatial changes in Locust Creek that



may affect future applications of the redistribution technique
in Pershing State Park. The results indicate that the redistribu-
tion technique was used to effectively manage LWD accumu-
lations in Locust Creek at a lower financial cost and reduced
environmental disturbance compared to the complete removal
of material.
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