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Riparian-Vegetation Controls on the Spatial Pattern of
Stream-Channel Instability, Little Piney Creek, Missouri

By Robert B Jacobson and Aaron L Pugh

ABSTRACT

Post-settlement land-use changes 1n the
Ozark Plateaus, Missouri, have been considered
responsible for creating widespread channel insta-
bility and degradation of aquatic habitat A review
of land-use history indicates that the most poten-
tial for creating instability has been from farming
and grazing practices that have destroyed woody
riparian vegetation or prevented the re-establish-
ment of woody vegetation on gravel bars The
role of riparian vegetation has been assessed
quantitatively by using a 50-year record of valley-
bottom vegetation and channel dynamics devel-
oped from historical aerial photography A 12-
kilometer segment of Little Piney Creek, a typical
Ozark Plateaus, spring-fed, fifth-order stream, has
been mapped with a stereoplotter Digital maps
from 1938, 1948, 1955, 1965, 1976, and 1989
then were analyzed using a geographic informa-
tion system Polygon identities of each pair of
subsequent maps provide transition frequencies
for estimating the relative areal rates at which
riparian cropland, grassland, and woodland have
been eroded or subjected to gravel aggradation

Results indicate that nonwooded land
(cropland plus grassland) has been no more likely
to erode than woodland, and that nonwooded land
has been slightly more susceptible to gravel depo-
sition than woodland These results may be
explained by several factors, including physio-
graphic controls on channel migration and deposi-
tion of noncohesive sediment 1n discrete
disturbance reaches along the valley, the ineffec-
tiveness of woody vegetation 1n contributing to
bank stabilization where bank heights are greater

than typical rooting depths, and possible changes
1n sediment, runoff, or flood peaks because of
land-use changes upstream

INTRODUCTION

Channel form results from interactions among
shear stresses exerted by moving water, sediment loads
carried by the water, and the resistance of streambed
and banks to erosion Woody vegetation 1n and along
streams can contribute to flow resistance and energy
dissipation, thus ultimately decreasing total shear
stresses transmitted to the streambed and banks Fur-
thermore, 1n many stream channels, vegetation con-
tributes to the strength of streambed and bank, thereby
imparting greater resistance to erosion and, conse-
quently, greater channel stability These vegetational
effects have been widely recognized by fluvial geo-
morphologists (for example, Petryk and Bosmajian,
1975, Smith, 1976, Graf, 1978, Murgatroyd and Ter-
nan, 1983, Andrews, 1984, Shields and Nunnally,
1984, Fukuoka and Fujita, 1990, Thorne, 1990, Watts
and Watts, 1990, Hupp and Simon, 1991, Hupp, 1992,
Trimble, 1994, McKenney and others, 1995), but
quantification has been difficult, partly because of the
diverse ways 1n which vegetation interacts with fluvial
processes

Because of the evident contributions of woody
vegetation to bank strength and energy dissipation,
many researchers have concluded that vegetation 1n
and along streams has a net stabilizing effect on chan-
nels As aresult, land and stream management deci-
sions are frequently made that assume increased
widths and densities of streamside vegetation would
decrease bank erosion Some onsite data support these
conclusions (Smith, 1976, Andrews, 1984), but other
studies indicate that net effects of vegetation are a

Abstract 1



complex function of channel morphology, flow pat-
terns, spatial density, and size of the vegetation com-
munities (Thorne, 1990; Trimble, 1994). Therefore,
the U.S. Geological Survey, in cooperation with the
Missouri Department of Conservation, has begun
studies to help provide a more complete understanding
of interactions between riparian' vegetation and flu-
vial processes that is needed to improve channel and
riparian management techniques.

IThe term riparian is used in this report to include woody
vegetation growing on banks, bars, and on the valley bottom for an
arbitrary distance from the channel. This definition is used to
include a strict definition of riparian (that is, limited only to stre-
ambank area) and the operational definition used by many land and
stream managers (that is, alluvial bottomland, frequently including
the entire valley bottom).

Purpose and Scope

The purpose of this report is to present an analy-
sis of the spatial controls on stream instability exerted
by woody riparian vegetation on Little Piney Creek,
Missouri. Results from this study of Little Piney Creek
are applicable to other streams of the Ozark Plateaus
Physiographic Province (known locally and hereinaf-
ter referred to as the Ozarks).

The report focuses on a 12-km (kilometer) seg-
ment” of Little Piney Creek (fig. 1). The bedrock geol-
ogy, soils, land-use, valley slope, and channel-network

The term segment is used in this report to indicate longitudi-
nal parts of a stream system between substantial tributaries and
with relatively uniform properties of bedrock and valley physiog-
raphy (Frissell and others, 1986). In Ozarks streams, segments are
typically on the order of several to tens of kilometers long.
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Figure 1. Location of Little Piney Creek and the Ozarks of Missouri.
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characteristics of Little Piney Creek are representative
of many fourth- to sixth-order streams of the Ozarks
(Jacobson, 1995). Therefore, the results of the study
should be applicable to other streams in the Ozarks
and to other alluvial streams in drainage basins with
rural land use and a humid-temperate climate, where
the channel is free to migrate between confining bed-
rock walls.

Historical aerial photography was used to evalu-
ate where and how much channel migration has
occurred during a 50-year (1938-89) interval and to
determine the association of channel migration loca-
tions with adjacent riparian land use. The 50-year
interval and 12-km length of the study segment pro-
vide temporal and spatial coverage that cannot be rep-
licated in conventional onsite-based monitoring
studies. The scope and scale of this retrospective study
are controlled in part by the scale of available aerial
photography. Using photogrammetric techniques and
photography that ranges from 1:8,000 to 1:24,000 neg-
ative scale, linear resolution of spatial changes during
the 50 years considered in this report is approximately
5 m (meters). Hence, the study assesses effects of land
use averaged over areas of land of hundreds of square
meters rather than considering the scale of individual
trees.

Physical Setting

Little Piney Creek is located in the north-central
Ozarks (figs. 1, 2). It has been gaged from 1928 to the
present (1995) at Newburg, Missouri (fig. 2), where
the drainage area is 512 km? (square kilometers). The
12-km segment used for photogrammetric study is a
fifth-order stream with a drainage area ranging from
247 to 380 km”.

The basin is underlain mainly by interbedded
cherty dolomite and sandstone of the Roubidoux For-
mation (Ordovician age) and cherty dolomite of the
Gasconade Dolomite (Ordovician age; Pratt and oth-
ers, 1985). A small area of the uplands is underlain by
dolomite and argillaceous dolomite of the Jefferson
City Dolomite (Ordovician age; Pratt and others,
1985). The geologic structure is dominated by a
regional dip of approximately 2 m/km (meters per
kilometer) to the northwest (McCracken, 1971). The
regional dip has gentle northwest trending folds super-
imposed on it. The anticlinal axis of one of these folds
is west of and parallels the trend of the Little Piney
Creek photogrammetric segment; bedrock dip along

NEWBURG M [
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Location of
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Figure 2. Location of the study segment of Little Piney
Creek, Missouri.

this limb of the fold is approximately 11 m/km to the
northeast (Lee, 1913). Jointing in the area is nonsys-
tematic and is unrelated to bedrock structure in any
clear way (Lee, 1913). The Newburg Fault Zone
crosses Little Piney Creek near Hickory Point (fig. 2).
The fault displacement ranges from 5 to 30 m.

From the highest point in the basin to the junc-
tion of Little Piney Creek with the Gasconade River,
the relief is approximately 215 m. Most of the upland
area in the Little Piney Creek Basin is underlain by the
Roubidoux Formation, whereas most stream valleys of
third order and greater are incised into the Gasconade
Dolomite. Typical valley-bottom to upland relief is 50
to 100 m, and steep bedrock bluffs are common (fig.
3). Residual and colluvial soils are as thick as 12 m on
uplands but can be absent on steep slopes along the
main valley (Pratt and others, 1985). A blanket of
wind-blown loess no more than 0.30 m thick is pre-
served in patches on upland divides.

Mean annual temperature for the Little Piney
Creek Basin is approximately 16 °C (degrees Celsius)
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LITTLE PINEY CREEK
1938 CHANNEL

Figure 3. Three-dimensional map of a section of the Little Piney Creek Valley showing the wide, bedrock-
confined valley bottom, underlain by floodplain sediments and alluvium of Holocene age (Albertson and others,

1995).

and mean annual precipitation is 1,050 mm (millime-
ters; Jacobson and Pugh, 1992). Typically, May and
June have the greatest monthly average precipitation,
but during the decades of the 1940’s and the 1980’s,
secondary peaks in the monthly distribution occurred
during autumn months (Jacobson and Pugh, 1992).
Streams of the Ozarks typically occupy winding
valleys. The valley bends have been termed ingrown,
incised meanders (Dury, 1964). Although these
streams are not manifestly underfit as defined by Dury
(1964), the stream widths are small as compared to the
valley width, and stream and valley bends do not cor-
respond in every case. As a result, the stream channel

4 Stream-Channel Instability, Little Piney Creek, MO

alternates between long straight reaches’ adjacent and
parallel to the valley wall and shorter, sinuous reaches
where the stream impinges on the valley wall at a high
angle or crosses from one side of the valley to the
other. The sinuous and straight reaches have been

3The term reach is used in this report to indicate longitudinal
subdivisions of stream segments between breaks in channel slope
and characterized by channel patterns that contrast with those
upstream and downstream. This definition differs somewhat from
Frissell and others (1986) because it does not use riparian vegeta-
tion or valley floor width. Reaches in Ozarks streams typically
include multiple riffle/pool sequences and are tens to thousands of
meters long.



termed disturbance and stable reaches (Jacobson,
1995) Although the origins of the alternating distur-
bance and stable reaches are poorly understood, flow
patterns and the resulting spatial distribution of ero-
ston and deposition differ substantially 1n these two
types of reaches (pl 1) Like most Ozarks streams,
Little Piney Creek has a gravel-cobble bed and carries
a mixed sediment load

Much of the Ozarks 1s cavernous and has a karst
drainage system The karst drainage system has
resulted 1n some streams that are dry most of the time,
whereas other streams with sitmilar surface drainage
areas have springs that provide substantial, relatively
constant base flow Because much of the residual soil
of the region 1s thin or relatively impermeable, or both,
intense rainstorms can produce runoff that bypasses
the underlying karst drainage system, resulting 1n fast-
nising floods Approximately one-third of the upstream
drainage area of Little Piney Creek Basin has intermut-
tent, losing streams Substantial flows enter Lattle
Piney Creek from Lane Spring and Piney Spring,
immediately upstream of the 12-km study segment
(fig 2) Discharge statistics for Little Piney Creek at
Newburg are given 1n table 1

Table 1 Discharge statistics for Little Piney Creek at
Newburg, Missour, 1928-93
[Data from Reed and others, 1994]

Discharge, in cubic

Discharge statistic meters per second

Annual mean discharge 45
Highest annual mean 111
Lowest annual mean 13
Highest daily mean 554
Lowest daily mean 7
Instantaneous peak flow 920
PHOTOGRAMMETRIC DATA

ACQUISITION AND ANALYSIS

Maps of channel features and valley-bottom4
vegetation were compiled for the Little Piney study

4Va]ley-bottom refers to the relatively flat surfaces between
steep valley walls These surfaces are underlain alluvial sediments
of Holocene age (Albertson and others, 1995)

segment from historical aerial photography (table 2)
Stereo pairs of photographs were used to create three-
dimensional stereomodels for the study segment Each
model was oriented 1n absolute space to a common set
of control points digitized from existing 1 24,000
topographic maps The most reliable and consistent
controls points were road intersections and sharply
defined topographic peaks Because the control points
come from a source with absolute horizontal precision
of plus or minus 12 m and vertical precision of plus or
minus 1 S m (US Geological Survey, 1987), absolute
locations are no more accurate than the control source
However, this study 1s concerned with changes over
time, and the replicability between dates 1s limited
more by the resolution and scale of the highest altitude
photography rather than the precision of control
points The mapping accuracy 1n relative space among
all dates of photography 1s estimated to be, at most, 5 m
for sharp-edged features such as channel margins and
cutbanks For fuzzy-edged features, like woodland
boundaries, accuracy 1s degraded further by subjective
determination of the edge and differences 1n leafing
conditions The three-dimensional properties of the
stereomodels were used 1n absolute orientation of the
models and to aid 1n geomorphic interpretation Eleva-
tion data, however, were not used to calculate thick-
nesses of the valley-bottom deposits or heights of
cutbanks because of the low relief and relative lack of
precision in the vertical dimension

Data from the stereomodels were compiled
using an analog stereoplotter with digital encoders that
transferred dimensional information to a computer
operating a photogrammetric mapping software pack-
age (Kork Digital Mapping Systems) Data from each
adjacent stereomodel for a given date were oriented
and edgematched using the photogrammetric software
Map data were then exported to a digital geographic
information system (GIS) where they were assembled,
edited, and analyzed

Because of variability among the available sets
of photography, the map units that were defined to
depict land-use types had to be simplified to match the
least-detailed photography Land-use types were sim-
plified and mapped as cropland, grassland, woodland,
gravel, and channel (table 3) Other data presented 1n
this report were developed 1n three previous reports

SUse of trade names n this report 1s for 1dentification pur-
poses only and does not constitute endorsement by the U S Geo-
logical Survey

Photogrammetric Data Acquisition and Analysis 5



Table 2 Sources and characteristics of aenal photography, Little Piney Creek, Missour

[USDA, U S Department of Agriculture, USGS, U S Geological Survey]

Daily mean
discharge,
Date of Negative In cubic meters
photography Source scale Remarks per second
Oct 24,1938 USDA, Agricultural Stabilization 120,000 Black and white photographs, 18
and Conservation Service, through leaves partially off
Aernial Photography Field Office
Jan 17,1948 U S Department of the Army, 1 30,000 Black and white photographs, 30
through USGS, Earth Science leaves off
Information Center
Oct 19, 1955 USDA, Agricultural Stabilization 120,000 Black and white photographs, 9
and Conservation Service, through leaves partially off
Aerial Photography Field Office
Sept 28,1964  USDA, Agricultural Stabilization 120,000 Black and white photographs, 11
and Conservation Service, through leaves on
Aerial Photography Field Office
Mar 13,1976  USGS, Earth Science Information 1 24,000 Black and white photographs, 28
Center leaves off
Apr 19, 1989 USGS, Rolla, Missouri 1 8,000 Black and white photographs, 39
leaves off
Table 3 Map units used in photogrammetric mapping
Map unit Description
Cropland Area of plowed crops, 1dentified by furrowed ground, row crops, or corn shocks
Grassland Area occupied by pasture, hay crops, or herbaceous cover It includes some areas of brushy vegetation
Woodland Area occupied by trees that would have a closed canopy under leaves-on conditions It includes some areas of
brushy vegetation and barnyards
Gravel Area occupied by gravel and sand, 1dentified by highly reflective tones and lack of vegetated cover
Channel Area occupied by water at the time of the photography

Methods for collection and analysis of the strati-
graphic data are given 1n Jacobson and Pugh (1992),
methods for collection of hydrologic and land-use data
are given 1n Jacobson and Primm (1994), and methods
for collection and analysis of streambed-elevation data
are given 1n Jacobson (1995)

CHANGES IN OZARKS STREAMS AND
LAND-USE HISTORY

Stratigraphic information from valleys of Little
Piney Creek and other streams 1n the Ozarks of Mis-
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sour1 corroborate that substantial changes in channel
form and processes occurred after European settle-
ment beginning 1n the 1830’s Prior to settlement, the
late Holocene history of Ozarks streams 1ndicates epi-
sodic deposition of fining-upward sequences of cob-
bles to clay (Jacobson and Pugh, 1992, Jacobson and
others, 1992, Albertson and others, 1995, data on file
at the U S Geological Survey, Rolla, Missour1) At or
near the time of settlement, streams started depositing
somewhat more gravel and much less silt and clay
Decreased sedimentation of fine sediments probably
indicates decreased energy dissipation 1n the valley



bottom because of less riparian vegetation on banks
and bars Jacobson and Primm (1994) hypothesized
that some gravel has been added to streams of third
and higher orders by headward extension of the inter-
mittent-channel network 1nto previously unchanneled
valleys

Abundant historical and anecdotal evidence
indicates that Ozarks streams have decreased stability
and degraded aquatic habatat as compared to condi-
tions that existed at the turn of the 20th century (Hall,
1958, Love, 1990, Jacobson and Primm, 1994) Com-
monly, long-term residents of the Ozarks have
observed that pools have filled up with gravel Jacob-
son and Primm (1994) hypothesized that vegetation
clearing and open-range grazing 1n the riparian zone
were the key land-use changes that led to stream 1nsta-
bility and habitat degradation

From a study of regional changes 1n streambed
elevations at U S Geological Survey streamflow-gag-
ng stations, Jacobson (1995) determined that at gages
with a drainage area less than approximately 1,400
km? (including Laittle Piney Creek) a passage of a
wave of land-use-related sediment or channel degrada-
tion had occurred by the late 1940’s (fig 4) Because
the earliest stream gages 1n the Ozarks were not
mstalled until the early 1920’s, nearly a century after
the first Europeans settled in the Ozarks, the stre-
ambed-elevation data show only the receding limb of
the hypothesized wave of sediment Since the 1940’s,
streambed elevations at gages of these small drainage
basins have stabilized In basins with larger drainage
areas, some stations showed multiple, high-amplitude
waves of gravel moving past the gage, whereas others
showed low-amplitude changes Jacobson (1995)
interpreted these data to indicate that streams with
drainage areas of less than 1,400 km? were relatively
depleted of gravel, and gravel was accumulating 1n
streams with larger drainage areas, although the effect
of gravel accumulation 1n larger river segments was
variable because of variations 1n routing and storage of
sediment For small drainage basins like Little Piney
Creek, the streambed-elevation data also indicate that,
since the 1940’s, large floods typically do not have
persistent effects on the streambed elevation For
example, the largest daily mean flood on record
(December 3, 1982) had no persistent effect on stre-
ambed elevation (fig 4)

Because streamflow-gaging records did not
begin until the 1920’s, 1t 1s impossible to determine 1f
a wave of sediment has moved past the gage or 1f deg-
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discharge, Little Piney Creek at Newburg, Missouri, 1927-93

radation of the streambed has occurred at the gage In
either case, streambed-elevation data support the 1dea
that smaller basins have recovered or, at least, stream
mstability 1s getting no worse

Drainage-Basin-Wide Land-Use Changes

Like most Ozarks counties, Phelps County
(location of the Little Piney Creek study segment)
experienced an increase 1n human population from the
1830’s to the turn of the century (Jacobson and Primm,
1994, fig 5, table 4) Simultaneously, the number of
acres of improved land (consisting of cultivated and
fenced land) increased, along with cattle and hog pop-
ulations Timber resources in Phelps County were not
subjected to the large, corporate logging operations
that existed 1n the southern part of the State (Jacobson
and Primm, 1994) Hence, the statewide timber pro-
duction figures shown 1n figure 5 may overemphasize
the relative magnitude of timber cutting for the Little
Piney Creek Basin, where timber production was pre-
dominantly from smaller companies and individual

Changes in Ozarks Streams and Land-Use History 7
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landowners However, Little Piney Creek was used for
some tie drives—transportation of floating rafts of
railroad ties—from Yancy Mill to Newburg during the
1930’s and 1940’s

Table 4 Land use In Little Piney Creek Basin, as determined
from high-altitude photography, 1973

Percentage of Little

Land-use category Piney Creek Basin

Urbanized 13
Pasture and row crops 299
Deciduous forest 680
Evergreen forest 6
Mixed forests 1
Ponds and lakes 1

Jacobson and Primm (1994) concluded that the
land-use changes with the greatest potential for desta-
bilizing stream channels 1n the Ozarks were the cutting
of riparian timber and the continuous disturbance of
riparian vegetation as a result of open-range grazing
These land-use changes continued from early settle-
ment i the 1830’s until the end of open-range grazing
laws 1n the 1940’s through 1950’s The conclusion that
riparian land-use changes had the greatest potential to
affect stream-channel stability was based on the lack
of evidence that upland land-use practices were severe
enough to change hydrologic and sediment budgets
sufficiently to cause regional stream disturbance In
addition, because of settlement patterns that favored
valley-bottom sites, riparian land-use changes had
been m effect for a longer period of time than those 1n
uplands Jacobson and Primm (1994) also 1dentified a
period of intense row-crop agriculture 1n the 1940°s
when steep, marginally fertile land was cropped and
might have produced additional runoff and sediment
that contributed to stream 1nstability

Analysis of seasonal rainfall and runoff rela-
trons for Little Piney Creek Basin, however, does not
show anomalously high runoff during the period of
tense row-crop agriculture, nor does 1t indicate a
trend of decreasing runoff since the 1950°s Precipita-
tion measured at Rolla, Missour1, and runoff in Little
Piney Creek Basin measured at Newburg from 1929 to
1994 are shown 1n figures 6A and 6B Precipitation
and runoff were classified into growing season
(March—August) and winter season (September—Feb-

ruary) to indicate effects of vegetation Plots of sea-
sonal runoff as a function of precipitation show
general increases of runoff with increasing precipita-
tion (figs 6C, 6D), winter-season runoff 1s generally
somewhat higher for a given precipitation value (fig
6C) Linear regression models of runoff as a function
of precipitation provide a prediction of runoff for
actual precipitation values for the average conditions
for 1928 through 1992 Residuals of the models
(actual minus predicted runoff) plotted by year (fig
6D) do not show the hypothesized peak for 1940
through 1950, nor 1s there a trend of decreasing runoff
discernible within the variation

Riparian Land-Use Changes

The U S Bureau of the Census aggregates land-
use data at the county level and does not specify where
on the landscape particular land-use types exist To
evaluate the effect of land-use change on hydrologic
and sediment budgets, specific land-use information 1s
critical For this study, valley-bottom land-use was
determined for the 12-km study segment for 1938,
1948, 1955, 1964, 1976, and 1989 by mapping from
aerial photography (fig 7) This information 1s shown
by photogrammetric maps (pl 1) and 1s summarized 1n
figure 8

These data indicate progressive increase of
wooded land, at the expense of cropland and grass-
land, from 1948 to 1989 Land use 1n 1938 consisted
of nearly equal areas of grassland, cropland, and
woodland Cropland was absent 1n this segment of the
valley 1n 1948 Oral-historical accounts described
flooding and gravel sedimentation in the late 1940’s
that were so severe that farmers quit planting 1n the
Little Piney Creek Valley bottom (Jacobson and
Primm, 1994) Historical accounts are supported by
the fact that the total area of gravel mapped 1n 1948
was much larger than that for other years

From 1948 to 1989, woodland increased sub-
stantially, and gravel and grassland decreased 1n area
After an increase 1n cropland in 1955, cropland area
decreased until 1989 The association of decreases 1n
gravel area with increases in woodland area could
indicate that increased riparian woodland has
mcreased channel stability This hypothesis 1s consis-
tent with the observation that after the 1940’s the mean
streambed elevation stabilized at Newburg (approxi-
mately 8 km downstream of the Little Piney Creek
study segment) An alternate hypothesis that recovery

Changes in Ozarks Streams and Land-Use History 9
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Figure 6. Seasonal precipitation and runoff for Little Piney Creek Basin, Missouri, 1928-94 A, growing season

and winter season precipitation, B, growing season and winter season runoff, C, scatter plots of runoff by

precipitation, growing season and winter season, D, residuals of linear regression models of runoff as a function
of precipitation plotted by year, growing season and winter season
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Figure 7. Aerial photographs of a part of the study segment of Little Piney Creek Valley, Missouri. A, 1938; B, 1955; C, 1989.
Note: Flow is from right to left.
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Figure 8. Land use in the study segment of Little Piney
Creek Valley, Missouri, for selected years from 1938-89.

of the stream channel has resulted from basin-wide
changes in hydrologic or sediment budgets is not sup-
ported definitively by the precipitation and runoff data
(fig. 6). Sediment yield from the uplands and channel
instability would be expected to vary directly with
runoff, but the amount of runoff produced by a given
amount of precipitation shows no clear trend over an
interval when human population, cattle population,
and area in improved land all increased substantially.

EROSION AND DEPOSITION BY LITTLE
PINEY CREEK

Planimetric erosion and deposition rates for Lit-
tle Piney Creek were determined by comparing areas
of map units that became different map units between
sequential dates of photography. The calculations were
performed in a digital GIS by creating a polygon iden-
tity map from each pair of successive maps (193848,
1948-55, 195564, 1964-76, and 1976-89). An iden-
tity map is a geometric intersection of the two maps.
The identity map contains all features of the two input
maps, and each resulting intersected polygon has
attributes of both parent polygons (fig. 9). Once cre-
ated, the identity map can be queried for total area that
changed according to each of the possible transitions
between map units. Of interest to this study were tran-
sition frequencies from cropland, grassland, and
woodland to gravel and channel map units.

Spatial biases of map units also need to be con-
sidered. Frequently, cropland and grassland are prefer-
entially sited away from stream channels, and

12 Stream-Channel Instability, Little Piney Creek, MO

woodland is adjacent to stream channels. Because of
this bias, woodland has a greater chance of being
eroded or subjected to gravel deposition. To assess this
bias, buffers were created for each channel at 7.5, 15,
30, and 60 m away from the channel. A minimum
buffer distance of 7.5 m was used because it is greater
than the worse-case estimated accuracy between suc-
cessive photos of 5 m. In addition, the area of the
entire valley bottom was assessed and assigned a
buffer width of 120 m, a value approximately one half
of the valley width. Hence, for each polygon in the
identity map for two dates, the distance of that poly-
gon from the channel at the time of the first date also is
known (fig. 10).

The effects of riparian vegetation on lateral
channel erosion and gravel deposition can be evalu-
ated by comparing the polygon areas of different map
units that change to channel or gravel areas in each
transition period. The relative susceptibility of differ-
ent land-use types to geomorphic change can then be
calculated by comparing the types using ratios, termed
susceptibility ratios. To simplify the analysis, the
small area of cropland was combined with grassland
into a single category, cropland plus grassland. This
combination is based on the general similarities in
hydraulic properties and erosion resistance of grass-
land and cropland relative to woodland. For example,
the susceptibility ratio for erosion for a particular tran-
sition period and for a particular buffer distance is the
sum of the areas of all cropland polygons that became
channel polygons plus all grassland polygons that
became channel polygons, divided by the sum of the
areas of all woodland polygons that became channel
polygons. Hence, the susceptibility ratios are ratios of
areal rates of change.

Discrete dates of photography and the inability
to measure thicknesses of deposits using the planimet-
ric maps constrain the analysis of these data. The total
area of erosion calculated as the area of cropland,
grassland, woodland, and gravel polygons that became
channel polygons during a transition period is a mini-
mum measure of erosion. In areas of substantial lateral
channel migration, the channel commonly migrated
several channel widths between photography dates (pl.
1). It is impossible to determine if migration occurred
by nearly instantaneous avulsion or by incremental lat-
eral movement. If the latter is true, more area was
eroded during the transition period than would be indi-
cated only by those polygons that had changed to
channel polygons by the end of the transition period.
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Figure 10. A small part of the study segment of Little Piney Creek Valley, Missouri, showing the 1948 channel and buffers

designated around the 1938 channel.

Areas of new deposition include those areas that
were eroded by lateral channel migration and were
subsequently filled plus those areas of pre-existing
floodplain that had gravel and sand deposited over
them. In general, deposits would be thick (several to
tens of meters) in the former case and thin (a meter or
less) in the latter case. Planimetric mapping cannot
distinguish these different cases, so inferences about
erosional and depositional volumes are tenuous. Addi-
tionally, because only bare sediment surfaces were
mapped as gravel deposits, areas of gravel deposition
that were substantially colonized by vegetation during
the transition period would be mapped as grassland or
woodland. This would tend to underestimate areas
affected by gravel deposition. In addition to separate
calculations of erosion and deposition, total geomor-
phic change was calculated as the sum of areas that
were eroded or had deposition.

Variations in stream discharge among dates of
photography could affect calculations of eroded areas.
This effect is minimal because all aerial photographs
were taken at discharges less than the annual mean

14 Stream-Channel Instability, Little Piney Creek, MO

discharge (tables 1, 2). At these low discharges, dis-
charge-related differences in channel area probably are
within the mapping precision.

Areas and areal rates of change calculated from
the identity maps of sequential dates of photography
are presented in table 5, and susceptibility ratios are
summarized in table 6. Total geomorphic change rate
was calculated as the percent area per year of cropland
plus grassland plus woodland that changed to channel
or gravel. This total change rate varied substantially
by transition period as well as by buffer width (dis-
tance from channel; fig. 11, table 5). The 1938-48
transition period had the greatest total geomorphic
change, and total geomorphic change decreased sys-
tematically with time. This variation in planimetric
change over time is consistent with the mean stre-
ambed-elevation data from Newburg, which indicate
that vertical changes in the streambed have decreased
over time (fig. 12).

The 1938-48 transition period shows an
increase in percent area changed per year with
decreasing buffer width, except for small buffer
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Table 5 Map unit changes by transition period and channel buffer width
[Sum of areas of channel buffers vary by transition period because of small changes 1n channel length, numbers of 1slands, and differences 1n discharge, NA, rate calculation 1s not applicable]

Channel Area changed during transttion period, Rate of change during transition pertod, Rate of change during transition period,
buffer In square meters 1n square meters per year In percent area per year
width, Cropland Cropland
In Mapunit  Crop- Grass- Wood- Crop- Grass- Wood- plus Crop- Grass- Wood- plus
meters category land land land  Gravel Channel Sum land land land Gravel Channel grassland land land land Gravel Channel grassland
Transition period 193848
75 Cropland 0 0 0 0 0 0 NA 0 0 0 0 NA NA 00 00 00 00 NA
Grassland 1,592 3,135 13,325 6,384 12,304 36,740 159 NA 1,332 638 1,230 NA 31 NA 11 8 6 NA
Woodland 468 2,698 28,928 12,627 24,563 69,284 47 270 NA 1263 2,456 317 9 14 NA 16 13 13
Gravel 1,867 5,621 31,594 33,582 54,756 127,421 187 562 3,159 NA 5,476 749 36 30 25 NA 28 31
Channel 1,220 7,246 50,297 25,458 103,805 188,026 122 725 5,030 2,546 NA 847 24 39 41 33 NA 35
Sum 5146 18,700 124,143 78,051 195429 421470
15 Cropland 0 0 0 0 0 0 NA 0 0 0 0 NA NA 0 0 0 0 NA
Grassland 7,089 8,790 33,184 11,546 12,304 72,913 709 NA 3318 1,155 1,230 NA 40 NA 14 9 6 NA
Woodland 1,624 7,482 70,211 23,682 24,563 127,562 162 748 NA 2,368 2,456 911 9 19 NA 18 13 16
Gravel 5,284 11,210 62,796 60,643 54,756 194,689 528 1,121 6,280 NA 5,476 1,649 30 28 26 NA 28 29
Channel 3,525 12,259 78,325 37,977 103,805 235,892 352 1,226 7,832 3,798 NA 1,578 20 31 32 28 NA 28
Sum 17,521 39,742 244,515 133,848 195429 631,056
30 Cropland 0 0 0 0 0 0 NA 0 0 0 0 NA NA 0 0 0 0 NA
Grassland 37,886 34,880 72,701 18,417 12,304 176,188 3,789 NA 7,270 1,842 1,230 NA 58 NA 16 9 6 NA
Woodland 5972 22,420 154581 38,191 24,563 245,727 597 2,242 NA 3819 2456 2,839 9 23 NA 19 13 17
Gravel 15,351 22,788 116,458 102,043 54,756 311,397 1,535 2279 11,646 NA 5476 3,814 23 23 26 NA 28 23
Channel 6,530 18,442 102,069 45,707 103,805 276,554 653 1,844 10,207 4,571 NA 2,497 10 19 23 22 NA 15
Sum 65,739 98,530 445810 204,358 195429 1,009,866
60  Cropland 0 0 0 0 0 0 NA 0 0 0 0 NA NA 0 0 0 0 NA
Grassland 174,087 144,109 140,871 32,075 12,304 503,446 17,409 NA 14,087 3208 1,230 NA 73 NA 20 12 6 NA
Woodland 15,434 45,088 289,108 47,984 24,563 422,178 1,543 4,509 NA 4,798 2,456 6,052 6 17 NA 18 13 12
Gravel 41,311 53,698 175457 137,029 54,756 462251 4,131 5370 17,546 NA 5476 9,501 17 20 24 NA 28 19
Channel 7,704 21,879 115397 49,210 103,805 297,995 770 2,188 11,540 4,921 NA 2,958 3 8 16 18 NA 6
Sum 238,536 264,773 720,833 266,299 195429 1,685,870
120 Cropland 0 0 0 0 0 0 NA 0 0 0 0 NA NA 0 0 0 0 NA
Grassland 1,431,181 988,291 307,577 41427 12,304 2,780,780 143,118 NA 30,758 4,143 1,230 NA 91 NA 30 14 6 NA
Woodland 30,901 91,495 402,810 55471 24,563 605,240 3,090 9,149 NA 5,547 2,456 12,240 2 8 NA 19 13 4
Gravel 111,374 105,021 203,833 146,448 54,756 621,432 11,137 10,502 20,383 NA 5476 21,640 7 9 20 NA 28 8
Channel 7,704 22,130 118,727 49,652 103,805 302,019 770 2,213 11,873 4,965 NA 2,983 0 2 11 17 NA 1

Sum 1,581,161 1,206,937 1,032,947 292,997 195429 4,309,472



9l

O Y3319 Aauid sy ‘Ayjigeisu) [suuey-weans

Table 5. Map unit changes by transition period and channel buffer width—Continued

Channel Area changed during transition period, Rate of change during transition period, Rate of change during transition period,
buffer In square meters In square meters per year In percent area per year
width, Cropland Cropland
n Map unit  Crop- Grass- Wood- Crop- Grass- Wood- plus Crop- Grass- Wood- plus
meters category land land land Gravel Channel Sum land land land Gravel Channel grassland land land land Gravel Channel grassland
Transition period 1948-55
75 Cropland 0 457 35 1 5 498 NA 65 5 0 1 NA NA 02 00 00 00 NA
Grassland 0 7,968 8,202 20,674 38,314 75,158 0 NA 1,172 2,953 5473 NA NA NA 16 23 18 NA
Woodland 0 17,831 46,045 43322 69,477 176,675 0 2547 NA 6,189 9,925 2,547 NA 64 NA 48 32 64
Gravel 0 3,677 3,984 39241 38,648 85,551 0 525 569 NA 5521 525 NA 13 8 NA 18 13
Channel 0 9,689 14,885 25,333 161,107 211,014 0 1,384 2,126 3,619 NA 1,384 NA 35 29 28 NA 35
Sum 0 39,623 73,150 128,571 307,552 548,896
15 Cropland 0 2,664 222 434 2,886 6,205 NA 381 32 62 412 NA NA 4 0 0 1 NA
Grassland 0 28,470 16,732 35,201 45,201 125,603 0 NA 2,390 5,029 6,457 NA NA NA 16 25 18 NA
Woodland 0 38192 100943 74,320 139,135 352,591 0 5456 NA 10,617 19,876 5.456 NA 61 NA 52 55 61
Gravel 0 5,752 8,134 63,603 13,886 91,376 0 822 1,162 NA 1,984 822 NA 9 8 NA 5 9
Channel 0 13,646 19,502 31,235 161,107 225,489 0 1,949 2,786 4,462 NA 1,949 NA 22 19 22 NA 22
Sum 0 88723 145533 204,793 362,215 801,264
30 Cropland 0 11,035 1,071 2,767 5 14,878 NA 1,576 153 395 1 NA NA 7 1 1 0 NA
Grassland 0 101,677 34,803 61,710 38,314 236,505 0 NA 4972 8,816 5,473 NA NA NA 18 28 18 NA
Woodland 0 77,595 200,532 112,756 69,477 460,360 0 11,085 NA 16,108 9925 11,085 NA 51 NA 52 32 51
Gravel 0 9,257 14012 97,807 38,648 159,724 0 1,322 2,002 NA 5,521 1,322 NA 6 7 NA 18 6
Channel 0 18,156 24,682 35963 161,107 239,908 0 2,594 3,526 5,138 NA 2,594 NA 12 13 17 NA 12
Sum 0 217,719 275101 311,002 307,552 1,111,374
60  Cropland 0 46,947 2,521 8742 5 58,215 NA 6,707 360 1,249 1 NA NA 12 1 3 0 NA
Grassland 0 338,766 66,440 115,984 38,314 559,504 0 NA 9,491 16,569 5,473 NA NA NA 22 37 18 NA
Woodland 0 153,385 321,126 153,373 69,477 697,361 0 21912 NA 21910 9,925 21,912 NA 38 NA 48 32 38
Gravel 0 15911 16966 134,389 38,648 205914 0 2273 2424 NA 5521 2,273 NA 4 6 NA 18 4
Channel 0 19,230 26,271 39,284 161,107 245,893 0 2,747 3,953 5612 NA 2,747 NA 5 9 12 NA 5
Sum 0 574,239 433,323 451,773 307,552 1,766,887 _

120 Cropland 0 590,220 7,689 26,996 5 624911 NA 84317 1,098 3,857 1 NA NA 30 2 6 0 NA
Grassland 0 1,865,667 124,390 216,626 38,314 2,244,998 0 NA 17,770 30,947 5,473 NA NA NA 29 50 18 NA
Woodland 0 271,396 428,648 177,651 69,477 947,172 0 38771 NA 25379 9,925 38,771 NA 14 NA 41 32 14
Gravel 0 34,187 18,168 155,032 38,648 246,036 0 4884 2,595 NA 5521 4,884 NA 2 4 NA 18 2
Channel 0 19,299 26,316 39,580 161,107 246,302 0 2757 3759 5654 NA 2,757 NA i 6 9 NA 1
Sum 0 2,780,771 605,212 615,885 307,552 4,309,420
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Table 5. Map unit changes by transition period and channel buffer width—Continued

Channel Area changed during transition period, Rate of change during transition period, Rate of change during transition period,
buffer In square meters In square meters per year In percent area per year
width, Cropland Cropland
n Map unit Crop- Grass- Wood- Crop- Grass- Wood- plus Crop- Grass- Wood- plus
meters category land land land Gravel Channel Sum land land land Gravel Channel grassland land land land Gravel Channel grassland
Transition period 1955-64
75 Cropland 166 1 53 0 21 241 NA 0 6 0 2 NA NA 00 00 00 00 NA
Grassland 261 8,426 7,800 2,922 11,570 30,979 29 NA 867 325 1,286 NA 65 NA 6 6 5 NA
Woodland 10 20,511 70,337 14,988 52,036 157,882 1 2,279 NA 1,665 5,782 2,280 2 36 NA 31 23 36
Gravel 10 16,602 18,490 23,023 58,585 116,710 1 1,845 2,054 NA 6,509 1,846 3 29 15 NA 26 29
Channel 0 17,256 38,702 13,635 124,001 193,594 0 1,917 4,300 1,515 NA 1,917 0 31 32 28 NA 30
Sum 447 62,795 135,383 54,568 246,214 499,406
15 Cropland 436 1 75 15 21 548 NA 0 8 2 2 NA NA 0 0 0 0 NA
Grassland 726 29,313 17,853 5994 11,570 65,457 81 NA 1984 666 1,286 NA 56 NA 8 8 5 NA
Woodland 259 39,112 149,979 27,072 52,036 268,458 29 4,346 NA 3,008 5782 4,375 20 , 37 NA 34 23 37
Gravel 17 24,480 29,367 37,592 58,585 150,042 2 2,720 3,263 NA 6,509 2,722 1 23 13 NA 26 23
Channel 0 23279 51,829 17,853 124,001 216,961 0 2587 5759 1984 NA 2,587 0 22 23 22 NA 22
Sum 1,438 116,185 249,104 88,526 246214 701,466
30  Cropland 1,350 905 156 267 21 2,698 NA 101 17 30 2 NA NA 0 0 0 0 NA
Grassland 6,249 110,132 35269 14,361 11,570 177,581 694 NA 3919 1,59 1,286 NA 68 NA 9 11 5 NA
Woodland 2,575 68,501 297,035 44,324 52,036 464,472 286 7,611 NA 4925 5782 7,897 28 32 NA 34 23 32
Gravel 23 31412 42,868 63,814 58,585 196,702 3 3490 4,763 NA 6,509 3,493 0 15 11 NA 26 14
Channetl 0 27914 57,415 20,420 124,001 229,748 0 3,102 6,379 2,269 NA 3,102 0 13 15 16 NA 12
Sum 10,197 238,864 432,743 143,185 246,214 1,071,202
60 Cropland 6,833 12,078 2,303 602 21 21,838 NA 1,342 256 67 2 NA NA 2 0 0 0 NA
Grassland 35,303 341,716 76,392 28,822 11,586 493,818 3,923 NA 8488 3,202 1,287 NA 82 NA 12 16 5 NA
Woodland 5,623 127473 488,455 57,090 52,149 730,760 625 14,164 NA 6,343 5,791 14,788 13 26 NA 32 24 25
Gravel 244 41,142 52,780 91,689 58,585 244,440 27 4,571 5,864 NA 6,509 4,598 1 8 9 NA 26 8
Channel 0 29,177 59,332 22,424 124,001 234,934 0 3242 6592 2492 NA 3,242 0 6 10 12 NA 5
Sum 48,003 551,587 679,262 200,627 246,312 1,725,791
120 Cropland 145,335 154,671 4,526 1,440 21 305,994 NA 17,186 503 160 2 NA NA 8 1 1 0 NA
Grassland 451,301 1,723,109 124959 53,507 11,586 2,364,461 50,145 NA 13,884 5945 1,287 NA 80 NA 15 24 5 NA
Woodland 27,789 279,334 702,131 63,407 52,119 1,124,781 3,088 31,037 NA 7,045 5,791 34,125 5 14 NA 29 24 12
Gravel 487 58,039 55,712 105,031 58,585 277,854 54 6,449 6,190 NA 6,509 6,503 0 3 7 NA 26 2
Channel 0 29931 59,968 22,654 124,001 236,553 0 3326 6,663 2517 NA 3,326 0 1 7 10 NA 1

Sum 624,913 2,245083 947295 246,040 246,312 4,309,644
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Table 5 Map unit changes by transition period and channe! buffer width—Continued

Channel Area changed during transition period, Rate of change during transition period, Rate of change during transition period,
buffer In square meters In square meters per year In percent area per year
width, Cropland Cropland
n Mapunit  Crop- Grass- Wood- Crop- Grass- Wood- plus Crop- Grass- Wood- plus
meters category land land land Gravel Channel Sum land land land Gravel Channel grassland land land land Gravel Channel grassland
Transition period 1964-76
75 Cropland 0 205 46 0 0 251 NA 17 4 0 0 NA NA 01 00 00 00 NA
Grassland 16 8,367 15,564 14,241 24,689 62,876 1 NA 1,297 1,187 2,057 NA 19 NA 11 14 10 NA
Woodland 34 7,108 59,032 30,997 71,737 168,908 3 592 NA 2,583 5,978 595 42 25 NA 31 29 25
Gravel 3 1,367 9,359 14,209 711 25,649 0 114 780 NA 59 114 3 5 6 NA 0 5
Channel 15 6,616 37,406 24,268 112,339 180,644 1 551 3,117 2,022 NA 553 18 23 26 24 NA 23
Sum 67 23,663 121,407 83,715 209,476 438,328
15 Cropland 184 928 199 44 0 1,356 NA 77 17 4 0 NA NA 1 0 0 0 NA
Grassland 30 24,317 30,046 23,071 24,689 102,153 2 NA 2,504 1,923 2,057 NA 9 NA 10 15 9 NA
Woodland 34 20,051 138331 51264 71,737 281,417 3 1,671 NA 4272 5978 1,674 11 29 NA 33 25 28
Gravel 3 2,389 18,561 23,413 27,009 71,375 0 199 1,547 NA 2251 199 1 3 6 NA 10 3
Channel 15 10,799 57,374 33354 112,339 213,881 1 900 4,781 2,780 NA 901 5 15 20 21 NA 15
Sum 265 58,485 244,511 131,146 235,774 670,181
30  Cropland 2,140 6,818 958 108 0 10,024 NA 568 80 9 0 NA NA 3 0 0 0 NA
Grassland 667 82,783 50,655 34,031 24,691 192,826 56 NA 4221 2,836 2,058 NA 19 NA 9 15 9 NA
Woodland 85 59,641 297,638 79,114 71,809 508,287 7 4,970 NA 6,593 5,984 4,977 2 30 NA 35 25 29
Gravel 3 3,720 32,695 34,523 27,009 97,949 0 310 2,725 NA 2251 310 0 2 6 NA 10 2
Channel 15 14,642 74,580 38,629 112,339 240,205 1 1,220 6215 32219 NA 1,221 0 7 14 17 NA 7
Sum 2,910 167,603 456,526 186,405 235,848 1,049,291
60  Cropland 15320 23,955 2,777 365 0 42,417 NA 1,996 231 30 0 NA NA 4 0 0 0 NA
Grassland 10,073 275,580 82912 47,799 24,689 441,052 839 NA 6,909 3,983 2,057 NA 31 NA 10 17 9 NA
Woodland 2,046 140,181 511,429 105,772 71,737 831,166 171 11,682 NA 8814 5,978 11,852 6 25 NA 37 25 24
Gravel 3 4,920 47,855 41,189 27,009 120976 0 410 3,988 NA 2,251 410 0 1 6 NA 10 1
Channel 15 16,757 79,929 40,582 112,339 249,622 1 1,396 6,661 3,382 NA 1,398 0 3 9 14 NA 3
Sum 27,457 461,392 724902 235707 235,774 1,685,232
120 Cropland 99,453 119,961 24,033 606 0 244,054 NA 9,997 2,003 51 0 NA NA 4 2 0 0 NA
Grassland 172,172 1,868,813 195,550 67,143 24,691 2,328,368 14,348 NA 16,296 5,595 2,058 NA 47 NA 15 20 9 NA
Woodland 34,325 339,980 761,533 121,747 71,809 1,329,394 2,860 28,332 NA 10,146 5,984 31,192 9 12 NA 37 25 12
Gravel 7 8,332 61,178 45903 27,009 142,428 1 694 5,098 NA 2251 695 0 0 5 NA 10 0
Channel 15 26,168 81,309 41,219 112,339 261,050 1 2,181 6,776 3,435 NA 2,182 0 1 6 12 NA 1

Sum 305,972 2,363,254 1,123,603 276,618 235848 4,305,294
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Table 5. Map unit changes by transition period and channe! buffer width—Continued

Channel Area changed during transition period, Rate of change during transition period, Rate of change during transition period,
buffer in square meters In square meters per year in percent area per year
width, Cropland Cropland
n Mapumt  Crop- Grass- Wood- Crop- Grass- Wood- plus Crop- Grass- Wood- plus
meters category land land land Gravel Channel Sum land land land Gravel Channel grassland land land land Gravel Channel grassland
Transition period 1976-89
75 Cropland 0 82 0 20 215 317 NA 6 0 2 17 NA NA 00 00 00 00 NA
Grassland 0 6,227 6,805 1,479 6,482 20,993 0 NA 523 114 499 NA NA NA 4 2 2 NA
Woodland 0 15545 67,498 12,071 66306 161,420 0 1,19 NA 929 5,100 1,196 NA 27 NA 18 20 27
Gravel 0 9,710 15990 14,435 41,136 81,272 0 747 1,230 NA 3,164 747 NA 17 9 NA 13 17
Channel 0 12,783 50,843 22412 137,159 223,197 0 983 3,911 1,724 NA 983 NA 22 28 34 NA 22
Sum 0 44348 141,136 50,417 251,297 487,198
15  Cropland 0 82 0 20 215 317 NA 6 0 2 17 NA NA 0 0 0 0 NA
Grassland 341 21,739 15,765 3,370 6,482 47,697 26 NA 1213 259 499 NA 77 NA 4 3 2 NA
Woodland 0 33,234 161,486 22,869 66,371 283,961 0 2,556 NA 1,759 5,105 2,556 0 29 NA 23 20 29
Gravel 0 14,584 26,076 20,098 41,136 101,894 0 1,122 2,006 NA 3,164 1,122 0 13 7 NA 13 13
Channel 0 19,270 76,261 28941 137,159 261,631 0 1482 5866 2,226 NA 1,482 0 17 21 30 NA 17
Sum 341 88,909 279,589 75,299 251,363 695,500
30  Cropland 0 82 0 20 215 317 NA 6 0 2 17 NA NA 0 0 0 0 NA
Grassland 3,349 85,339 34,634 5,734 6,513 135,569 258 NA 2,664 441 501 NA 58 NA 5 4 2 NA
Woodland 1,088 64,920 364,156 41,955 66,698 538818 84 4994 NA 3227 5131 5,078 19 26 NA 31 20 25
Gravel 0 19,725 34,257 25,395 41,247 120,624 0 1,517 2,635 NA 3,173 1,517 0 8 5 NA 13 8
Channel 0 25,085 89,173 30,889 137,561 282,708 0 1,930 6,859 2,376 NA 1,930 0 10 13 23 NA 10
Sum 4437 195152 522,220 103,993 252,234 1,078,035
60 Cropland 0 85 120 20 215 440 NA 7 9 2 17 NA NA 0 0 0 0 NA
Grassland 25,288 269,002 61,348 12,044 6,786 374,467 1,945 NA 4719 926 522 NA 67 NA 6 7 2 NA
Woodland 3,628 148,200 655953 57,134 68,140 933,055 279 11,400 NA 4,395 5,242 11,679 10 24 NA 34 21 24
Gravel 0 22971 38,594 30,775 41,247 133,587 0 1,767 2,969 NA 3,173 1,767 0 4 4 NA 12 4
Channel 0 26,142 89918 31,132 137,732 284,923 0 2,011 6917 2,395 NA 2,011 0 4 8 18 NA 4
Sum 28,916 466,399 845,932 131,104 254,120 1,726,472
120  Cropland 0 51,742 3,429 20 215 55,406 NA 3,980 264 2 17 NA NA 2 0 0 0 NA
Grassland 233,181 1,732,973 108,963 15,381 12,783 2,103,280 17,937 NA 8,382 1,183 983 NA 73 NA 6 8 4 NA
Woodland 10,873 485,573 1,085,704 62,973 68,992 1,714,115 836 37,352 NA 4,844 5,307 38,188 3 16 NA 34 20 15
Gravel 0 26327 40,816 32919 41,247 141,310 0 2025 3,140 NA 3,173 2,025 0 1 2 NA 12 1
Channel 0 31,416 90,344 31,132 137,732 290,624 0 2,417 6,950 2,395 NA 2,417 0 1 5 17 NA 1
Sum 244,054 2,328,031 1,329,256 142,425 260,969 4,304,735




Table 6. Susceptibility ratios measuring relative susceptibility of cropland plus grassland and woodland to erosion, deposition,
and total change

Erosion plus deposition

Erosion susceptibility ratio, Deposition susceptibility ratio,  susceptibility ratio, calculated as
Channel calculated as area of cropland calculated as area of cropland area of cropland plus grassland
buffer plus grassland that became plus grassland that became that became channel or gravel
Transition width, in channel divided by area of gravel divided by area of divided by area of woodland that
period meters woodland that became channel woodland that became gravel became channel or gravel
193848 75 088 123 101
15 86 112 98
30 66 89 78
60 37 78 61
120 09 39 28
1948-55 75 120 170 131
15 115 116 115
30 93 83 90
60 55 71 61
120 16 41 26
1955-64 75 95 192 127
15 95 177 125
30 84 127 103
60 56 89 71
120 16 35 25
1964-76 75 91 75 88
15 78 54 72
30 53 30 46
60 31 15 25
120 14 06 10
1976-89 75 80 193 107
15 79 175 104
30 74 151 95
60 50 102 65
120 18 33 23
widths at 7 5 and 15 m (fig 11A) This relation 1s typi- The erosion susceptibility ratto—which mea-
cal of all transition periods and indicates that a greater sures the area of cropland plus grassland polygons that
percentage of the area within the buffer 1s susceptible became channel polygons relative to the area of wood-
to reworking with decreasing distance from the chan- land polygons that became channel polygons—
nel The decrease 1n percent area of geomorphic increases systematically with decreasing buffer width
change at the small buffer widths may result in part (fig 11B) At large buffer widths the ratio 1s substan-
from the limits of mapping accuracy compared to tially less than unity, indicating that cropland plus
these small buffer widths, but most of the decrease grassland are much less hikely to be eroded As the
probably results from channel erosion and deposition buffer width decreases, the ratio increases, which
that extend outside the buffer At locations where the results 1n part from decreasing spatial bias as the anal-
channel has been extremely active, much of the ysis focuses on areas closer to the channel The sus-

change recorded 1n a given transition period can occur  ceptibility ratios can be projected to a value of about
outside the buffer designated around the channel that 1 0 at zero buffer width (fig 11B) A susceptibility
existed at the first date 1n that period ratio of 1 0 would indicate no difference in the areal

20 Stream-Channel Instability, Little Piney Creek, MO
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Figure 11 Erosion and deposition, Little Piney Creek Valley, Missouri, for 1938—89, by channel buffer width

A, percentage of area in buffer changed per year by buffer width for all transitions, B, erosion susceptibility ratio
by buffer width for all transition periods, C, deposition susceptibility ratio by buffer width for all transition periods,
D, eroston plus deposition susceptibility ratio by buffer width for all transition periods, E, deposition, erosion, and
erosion plus deposition susceptibility ratio by buffer widths, averaged over all transition periods

Erosion and Deposition by Little Piney Creek
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Figure 12 Streambed elevation changes, Little Piney Creek at Newburg, Missouri, and planimetric valley-bottom

erosion rates calculated for the study segment, 1938-89

rates at which cropland plus grassland erode relative to
the areal rates at which woodland erodes There 1s no

apparent systematic change of the erosion susceptibil-
1ty rat1os over time

The deposition susceptibility ratio—which mea-
sures the area of cropland plus grassland polygons that
became gravel polygons relative to the area of wood-
land polygons that became gravel polygons—also
increases with decreasing buffer width (fig 11C) The
range 1n deposition susceptibility ratio values for all
transition periods and all buffer widths 1s greater than
the range 1n values for the erosion susceptibility ratios
This larger range may result from enhanced spatial
variations 1n gravel deposition controlled by vegeta-
tion, channel geometry, and interactions of channel
flow with the valley wall (pl 1)

Four of the five transition pertods would project
to deposition susceptibility ratio values of 1 2 and
greater at zero buffer width Ratio values greater than
1 0 indicate that cropland plus grassland are more sus-
ceptible than woodland to deposition of gravel These
rat10s do not take into account the thickness of gravel
deposition, however Onsite observations indicate that
gravel deposition in wooded areas generally 1s thicker
than 1n open cropland or grassland In open cropland
and grassland, gravel and sand tend to be deposited 1n
laterally extensive splays that cover large areas
Hence, 1f 1t were possible to calculate the deposition

22 Stream-Channel Instability, Little Piney Creek, MO

susceptibility ratio 1n terms of gravel volume rather
than area, the ratios might be lower

The susceptibility ratios for erosion plus deposi-
tion project to a value of 1 0 to 1 4 at zero buffer width
(fig 11D), indicating that cropland plus grassland 1s
only shightly more susceptible than woodland to total
planimetric geomorphic change As with the separate
eroston and deposition susceptibility ratios, there 1s no
apparent trend over time However, for the erosion
plus deposition and deposition susceptibility ratios,
the transition period 1964—76 consistently has the low-
est values for each buffer width These values indicate
that woodland had greater susceptibility to deposition
and erosion than cropland and grassland during this
period The period also 1s at the end of a 25-year
period of relatively few large floods (figs 4, 6)

Susceptibility ratios for deposition, erosion, and
erosion plus deposition averaged over the five transi-
tion periods are shown 1n figure 11E The average ero-
s1on susceptibility ratio projects to about 1 0,
indicating little difference 1n erodibility between non-
wooded and wooded riparian land The average depo-
sition susceptibility ratio projects to about 1 4,
indicating that nonwooded land 1s more susceptible to
measurable deposition than wooded land The average
erosion plus deposition susceptibility ratio projects to
about 1 2, indicating that nonwooded land 1s slightly



more susceptible to total geomorphic change than non-
wooded land

RIPARIAN VEGETATION AND STREAM-
CHANNEL INSTABILITY

Streambed-elevation data from the Newburg
streamflow-gaging station indicate a trend toward
recovery of Little Piney Creek from post-settlement,
human-induced, land-use disturbance (fig 4) Total
geomorphic change rates (calculated from the photo-
grammetric/GIS data as a percentage of total valley
bottom that changed to gravel or channel divided by
the number of years 1n the transition period) also
declined and stabilized (fig 12), despite large floods 1n
the 1980’s Runoff/rainfall relations (fig 6) from 1929
through 1994 do not indicate trends 1n basin-wide run-
off on a seasonal scale, therefore, changes in runoff
and sediment delivery probably are not responsible for
increased channel stability Furthermore, historical
analysts of land-use changes supports the model that
streams were nitially destabilized and maintained 1n
an unstable condition because of riparian land-use
practices that decreased riparian vegetation (Jacobson
and Primm, 1994)

These lines of evidence support the 1dea that
increased woodland vegetation 1n the Little Piney
Creek Valley bottom from 1938 to 1989 could have
been the direct cause for increased channel stability
However, the results of photogrammetric/GIS analysis
of locations of erosion and deposition 1indicate that the
susceptibility of riparian land to erosion or deposition
18 1nsensitive to riparian land use Four factors
described 1n the following four sections, alone or 1n
combination, may reconcile these apparently inconsis-
tent interpretations

Relation to Valley Physiography and Channel
Pattern

Probably the single most important factor
affecting channel nstability 1s channel pattern as con-
trolled by local valley physiography Lateral channel
migration of Lattle Piney Creek 1s not uniformly dis-
tributed along the valley (pl 1) Instead, lateral migra-
tion 1s preferentially located 1n discrete disturbance
reaches separated by stable reaches 1n which lateral
migration 1s relatively limited The dichotomy of dis-
turbance and stable reaches 1s a common feature of

Ozarks streams (Jacobson, 1995, Miller and Jacobson,
1995) As an operational definition, disturbance
reaches have lateral migration rates of several channel
widths or more per decade, whereas stable reaches
have lateral migration rates of a fraction of a channel
width or less per decade

The origins of disturbance and stable reaches
are poorly understood (Miller and Jacobson, 1995)
Many—but not all—of the stable reaches occur along
straight valley walls Many—but not all—of the dis-
turbance reaches occur where the valley orientation
changes These observations indicate that during over-
bank fioods straight valley walls parallel to the flow
may 1mpart stability to the flow patterns by providing
low hydraulic roughness as compared to the valley
flat Decreased roughness along the valley wall may
increase downstream components of velocity suffi-
ciently to damp out cross-stream components that
would otherwise cause flow divergence and lateral
channel migration

Hypothetically, transition downstream to a dis-
turbance reach could occur because of several mecha-
nisms In one case, if the valley wall bends away from
the direction of the straight reach, there 1s an effective
flow expansion, and diverging flow may cause enough
perturbation to create lateral channel mstability In
another case, a perturbation in flow may occur because
current velocities have increased sufficiently down-
stream to trigger vertical scour of the streambed Sedi-
ment scoured from the bed would be transported 1n the
down-valley direction and accumulate on a floodplain
surface or pomntbar Accumulation on the bar would
add to topographic steering of the flow away from the
valley wall, thus perturbing the flow sufficiently to
create a disturbance reach This mechanism might
occur with or without a change 1n valley orientation
Another possible mechanism may be upstream back-
water effects from where the flow impinges at a high
angle on the valley wall Sediment deposited 1n the
backwater area could lead to lateral channel instability
and creation of the disturbance reach

Although these hypothetical mechanisms
remain to be demonstrated, the effect of the dichotomy
of stable and disturbance reaches on channel morphol-
ogy 1s profound Instead of the “textbook” case
wherein flow resistance and energy dissipation 1s uni-
formly distributed along a meandering channel,
Ozarks streams like Little Piney Creek apparently
expend erosional energy nonuniformly Because most
of the lateral channel migration measured in the 12-km

Ripanan Vegetation and Stream-Channel Instability 23



study segment occurred 1n disturbance reaches, the
conclusion that susceptibility to channel erosion 1s
msensitive to riparian land use pertains mostly to dis-
turbance reaches Possibly, no matter what riparian
vegetation grows 1n and along disturbance reaches, the
erosional energy focussed 1n the reach will overcome
the stabilizing effects of vegetation Moreover, chan-
nel instability has probably caused landowners to
abandon farming adjacent to the channel 1n distur-
bance reaches, thereby preferentially siting wooded
land 1n zones of high erosion rates

Relation to Erosional Processes

Although many studies have concluded that
riparian vegetation aids in channel stability by contrib-
uting flow resistance and erosional resistance (Smith,
1976, Graf, 1978, Shields and Nunnally, 1984, Bes-
chta and Platts, 1986, Hupp, 1992, McKenney and
others, 1995), other studies have noted exceptions
related to specific properties of vegetation, sediment,
and erosion processes In Ozarks streams, vegetation
has different potential effects on channel stability
depending on size of the channel and whether vegeta-
tion 1s growing on an accreting, gravel point bar or on
an eroding cutbank (Thorne, 1990, McKenney and
others, 1995)

McKenney and others (1995) noted that efficacy
of riparian vegetation 1n stabilizing banks decreased
with increasing drainage area of Ozarks streams In
reaches where the banks were no higher than the typi-
cal rooting depth of woody riparian vegetation, inter-
locking roots were seen to provide substantial barriers
to particle-by-particle erosion and provided buttresses
and root strength to inhibit slumping, shding, and top-
pling failures In downstream reaches where banks
were higher than typical rooting depths, roots were
less effective because banks could be oversteepened
by basal erosion

On accreting point bars, woody vegetation has
been shown to increase sedimentation of sand and
gravel in Ozarks streams (McKenney and others,
1995) In this same study, however, the effectiveness
of riparian vegetation communities to increase flow
resistance was shown to decrease systematically with
age of the vegetation community, primarily because of
rapid decreases 1n stem density Thus, woody vegeta-
tion on gravel bars can contribute to stability during
matial stages of colonization when stems are very
dense, but the effect seems to decrease to near back-
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ground levels by the time the commumity 1s 40 years
old Areas of bars or floodplains with older vegetation
communtties then become potential sites of erosion
and avulsion because of lowered hydraulic roughness

On cutbanks, coarse sediments can erode parti-
cle by particle from 1n between the roots of even well-
established trees (fig 13) In contrast, cohesive cut-
bank sediments generally erode by slumping, sliding,
or toppling of large blocks (fig 14) Root networks 1n
cohesive sediment can add as much as 100 percent of
the total shear strength to resist these gravitational fail-
ure processes (Waldron, 1977) In a fifth-order stream
segment like the Little Piney Creek study segment,
cutbank heights typically are greater than rooting
depths (fig 15), so roots are minimally effective in
preventing lateral bank erosion, even 1n cohesive sedi-
ment Additionally, in reaches with extensive lateral
channel migration, the channel frequently cuts back
into newly deposited, noncohesive sediments Roots
can be expected to contribute minimal strength to non-
cohesive sediment

Relation to Upstream Riparian Land-Use
Changes

Geomorphic changes 1n the Little Piney Creek
study segment may be affected in part by changes 1n
riparian land use 1n the extensive tributary area Jacob-
son and Primm (1994) related sparse historical evi-
dence to support a hypothesis that headward extension
of the channel network contributed gravel to down-
stream reaches They also discussed the potential for
changes 1n riparian vegetation along tributary streams
to alter the timing of flood peaks by increasing or
decreasing the cumulative energy dissipation of flood-
waters Hence, increased growth of riparian vegetation
1n tributary channels from 1938 through 1989 may
have decreased gravel delivery to downstream channel
sections or decreased flood peak heights, or both
These sediment budget and hydraulic factors may be
responsible for the recovery of the Little Piney Creek
study segment, independent of riparian vegetation 1n
the study segment However, evaluation of these fac-
tors 1s outside of the scope of this report

Relation to Disturbance History

Recovery of the Little Piney Creek channel
from land-use changes mvolves continuing effects
from processes that occurred 1n the past The 1nitial



Figure 13. Erosion of gravel, particle by particle, from below and around sycamore tree roots

on a gravel bar, Little Piney Creek, Missouri.

Figure 14. Bank erosion by slumping, Little Piney Creek, Missouri.

instability of the stream channel possibly resulted
from modification of riparian vegetation, but once the
channel was disturbed, regrowth of woody riparian
vegetation was not sufficient to re-establish stability.
This would be the case if most streambanks were ini-
tially convex-upward and covered with woody vegeta-

tion. In this situation, roots of woody vegetation
protect the entire bank (fig. 16A). If woody vegetation
is removed from a convex bank, accelerated lateral
channel erosion could form a concave-upward or ver-
tical cutbank greater than the rooting depth and for
which roots would provide little protection against

Relation to Disturbance History 25



Figure 15. Cutbank showing limitation of rooting depth in bank protection, Little Piney

Creek, Missouri.

erosion (fig. 16B). Creation of concave-upward banks
would be a threshold event, after which bank vegeta-
tion would be less capable of stabilizing banks.

Another historical effect may be the relative
decrease of large woody debris (LWD) in Little Piney
Creek. Oral-historical accounts describe greater LWD
concentrations in the Ozarks during the early 1900’s;
many LWD concentrations were removed recreation-
ally or to improve downstream passage of railroad tie
rafts (Jacobson and Primm, 1994). Concentrations of
LWD in channel bends may have been sufficient to
protect some cutbanks from erosion (fig. 17).

A. CONVEX-UPWARD
BANK

WATER SURFACE

GROUND SURFACE

Also, the cumulative effect of land-use changes
in the Little Piney Creek Basin has resulted in recent
deposition of greater thicknesses of sand and gravel
substratum at the expense of silt and clay top stratum
(Jacobson and Pugh, 1992). This deposition has been
interpreted as the result of increased delivery of gravel
to streams and decreased retention of fine sediment
due to decreased riparian vegetation density and asso-
ciated decreases in flow resistance. As the stream
migrated across the valley in disturbance reaches,
gravel and sand have replaced the pre-existing fining-
upward sequence of cobbles to clay. This change has

B. CONCAVE-UPWARD
BANK

WATER SURFACE

Figure 16. Differing role of roots on a convex-upward bank (A) and concave-upward bank (B).

26 Stream-Channel Instability, Little Piney Creek, MO
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Figure 17. Extensive concentration of large woody debris along channel bend on Little
Piney Creek, Missouri (the woody debris protects the cutbank from erosion).

affected the boundary conditions that determine chan-
nel cross-sectional morphology and may have
decreased the effectiveness of vegetation to increase
erosional resistance.

As noted by Schumm (1960), channel cross-sec-
tional morphology is controlled in part by the particle-
size characteristics of the streambed and bank materi-
als. Banks that are constructed of fine sediment (silt
plus clay) can attain substantial cohesive strength and,
therefore, maintain steep bank angles. Banks that are
composed of noncohesive gravel and sand support
lower bank angles. Hence, as the pre-settlement fin-
ing-upward alluvium of the Little Piney Creek Valley
has been replaced by noncohesive sand and gravel,
channels would be expected to become shallower and
wider. In some disturbance reaches, gravel has been
deposited on one side of the channel, but the stream is
still migrating laterally into pre-settlement cohesive
alluvium (fig. 18). In this situation, the channel is
asymmetrical and the bank is steeper on the side bor-
dered by cohesive sediment. In other disturbance
reaches, the channel has migrated into a previous posi-
tion so it is now bordered by coarse, noncohesive sedi-
ment on both sides of the channel (fig. 19). In these
reaches, a well-defined thalweg typically is absent,
and pool habitats are limited to scour around LWD.

In addition to affecting channel morphology, the
change in sediment may have a substantial effect on

growth of riparian vegetation communities and, conse-
quently, on the stability of newly deposited gravel
bars. Because of low-nutrient concentrations and low
water-holding capacity, coarse sediments are poorer
substrates for establishment and growth of vegetation
than are fine sediments, especially where thickness is
so great that roots cannot penetrate to the water table.
Therefore, if all other factors are equal, vegetation
growing on gravel bars can be expected to be less vig-
orous and inherently less effective in resisting erosion
than vegetation growing on fine sediment.

The replacement of fine, cohesive sediment with
coarse, noncohesive sediment will have a long-term
effect on channel morphology. Once the delivery of
coarse sediment stops, decades would still be required
to remobilize the coarse sediment now in the valley
bottom, even at the high rates of lateral migration
occurring in disturbance reaches (pl. 1). Additionally,
long-term recovery of the channel to pre-settlement
conditions will require deposition of fine sediment.
Because deposition of fine sediment is directly
relatedto vegetation density and because density and
growth of the riparian vegetation community probably
are adversely affected by the coarse particle-size of the
sediment, recovery to pre-settlement conditions possi-
bly will take more time, or special conditions, as com-
pared to the processes that destabilized the streams
initially. This conceptual model describes a system in
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Figure 18. Low-altitude, oblique aerial photograph showing gravel and sand deposits replacing cohesive top stratum (to
left), Little Piney Creek, Missouri (view is upstream; channel width is approximately 9 meters).

which an internal threshold has been crossed (deposi-
tion of coarse sediment), thereby making it difficult for
the system to return to its former state because of a
positive feedback (poor conditions for growth of ripar-
ian vegetation and ineffectiveness in stabilizing
gravel). The implication of such a conceptual model
for this study is that the 50 years of photographic
record used to document recovery of Little Piney
Creek may have documented a system in which recov-
ery processes have been inhibited because of the lack
of fine sediment. The positive feedback would have
been concentrated in the disturbance reaches because
that is where deposition and erosion occur concurrent
with lateral channel migration.

Recovery of Little Piney Creek and
Management Implications

The results of this study illustrate some of the
complex processes that can modify the effectiveness
of woody riparian vegetation in controlling the spatial
pattern of stream instability. Recognition of these
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complexities may have some implications for riparian
land management for streams in the Ozarks and other
similar regions.

Woody riparian vegetation, of course, has many
other ecological benefits in addition to potentially add-
ing to channel stability. Vegetation also contributes
substrate, cover, shading, rainfall-energy dissipation,
and filtering of nutrients to aquatic ecosystems
(Welsch, 1991). When woody vegetation falls into a
river because of bank erosion, it continues to provide
important habitat elements (fig. 20). In typical Ozarks
streams, rootwads and log complexes provide critical
habitat for rock bass and smallmouth bass (Probst and
others, 1984). Hence, the ecological importance of
riparian woody vegetation should not be underesti-
mated, even when it does not contribute substantially
to channel stability.

For applications to channel stability, limitations
of riparian vegetation should be understood. In stream
reaches characterized by vertical or concave-upward
banks with heights greater than the typical rooting
depth of trees and where channel migration is concen-
trated, riparian vegetation can be expected to have



Figure 19. Low-altitude, oblique aerial photograph of Little Piney Creek, Missouri,
showing gravel and sand deposits on both banks, and resulting wide and flat-
bottomed channel (the view is downstream; channel width is approximately 5 meters).

minimal bank stabilization effect. Shields and others
(1995, p. 486) concluded from results of an experi-
mental study of bank stabilization *“...if bank heights
become great enough, even the best vegetation will
prove inadequate.” The greatest benefits of riparian
vegetation to channel stability will accrue at sites of
incipient channel instability in stable reaches, where

banks can be graded to low angles or convex slopes.
The least benefits toward channel stability will accrue
at actively eroding sites in disturbance reaches.
Whether a stream site is in a disturbance or stable
reach can be determined from qualitative evaluation of
historical aerial photographs. This context can help
stream managers determine the sites where riparian
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Figure 20. Scour pool formed around a rootwad, Little Piney Creek, Missouri (darker water
around the rootwad indicates greater depth of water; the field of view is approximately
10 meters).

vegetation likely would be most effective in channel
stabilization.

Some characteristics of stream reaches and seg-
ments are controlled by processes in the upstream
channel network and drainage area. Because sites of
erosion in the study segment have been insensitive to
riparian vegetation type, recovery of Little Piney
Creek since approximately 1950 (fig. 12) probably is
attributable to changes in upstream processes, either
changes in runoff or sediment budgets. Because runoff
data from 1929 to 1994 do not show trends indicative
of hydrologic recovery (fig. 6), decreases in sediment
supply can be inferred. Sparse historical data indicate
that excess gravel probably was introduced into
Ozarks streams by headward extension of the channel
network, possibly associated with widening or inci-
sion of low-order, ephemeral channels. Instability of
low-order channels probably resulted from clearing of
riparian vegetation and the effects of free-range graz-
ing (Jacobson and Primm, 1994). Conversely, recov-
ery of riparian vegetation along these low-order
channels probably has been responsible in part for rel-
ative stabilization of downstream reaches of Little
Piney Creek since 1950. Corroboration of this inferen-
tial model could indicate the importance of low-order
channels to overall stability of Ozarks streams and
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might serve to focus management concerns on these
sensitive reaches.

The spatial and historical context of the study
segment of Little Piney Creek also indicates that
recovery of the segment to pre-settlement conditions
may take a longer path and involve different processes
than initial destabilization. This is because the stream
likely has crossed two vegetation-related, geomorphic
thresholds as it adjusted to increased coarse sediment
load. Concerning the first threshold, steepening of ini-
tially convex banks to vertical or concave-upward may
have markedly decreased the efficacy of woody vege-
tation to stabilize the banks. Once steepened, banks
are more susceptible to erosion because discharges
necessary to remove sediment from the toe of the
bank, maintain steepness, and induce bank slumping
recur with greater frequency than the discharge that
would have been necessary to erode a vegetated, con-
vex bank. Recovery of banks to the hypothesized, pre-
settlement conditions would require either of two
conditions. The first is a sufficient time interval
between discharges capable of eroding the oversteep-
ened cutbank. During this interval, small to moderate
discharges could deposit sediments to form convex-
upward banks inset along the cutbank, and woody
vegetation could be established on the new surface.
Such a period of small to moderate discharges is



unlikely because floods less than bankfull have been
observed to cause slumping of substantial parts of ver-
tical banks, however, regional, multi-year droughts
occur 1n the Ozarks (for example, 1950-80, fig 4) and
may be sufficient to promote recovery of some steep-
ened banks The second condition 1s for the channel to
reverse lateral migration direction and move back
across the valley If vegetation has become established
on the opposite point bar, the channel would encounter
a stable, convex-upward bank

For a pointbar to become well-vegetated, how-
ever, requires overcoming the second vegetation-
related, geomorphic threshold Vegetation must
become sufficiently dense so that it 1s capable of trap-
ping fine sediment and thereby increase sediment
cohesion and water-holding capacity Growth of vege-
tation on the pointbar and its effectiveness 1n trapping
sediment are dependent on seed dispersal mechanisms,
growth rates, growth habits, and the sequence of
stream discharges (McKenney and others, 1995) Peri-
ods of low discharge may not provide sufficient mois-
ture for vegetation to germinate or grow, whereas large
floods may damage, erode, or bury pointbar vegeta-
tion

Assuming that pointbar vegetation can become
established so 1t 1s effective 1n trapping fine sediment
and that no additional sources of disturbance occur n
the Little Piney Creek Basin, lateral channel erosion
rates can give an indication of how long 1t would take
channels to migrate across the valley, reverse, and
begin migrating against stable, convex-upward banks
For an average valley width of 300 m and a represen-
tative disturbance reach migration rate of approxi-
mately 3 2 m per year, as much as 100 years might be
necessary, depending on down-valley and cross-valley
components of migration This calculation gives an
indication of the possible time scale required for com-
plete recovery of Little Piney Creek

SUMMARY AND CONCLUSIONS

The photogrammetric/GIS analysis presented in
this report 1ndicates that spatial patterns of erosion and
deposition on Little Piney Creek are relatively insensi-
tive to riparian vegetation type These results are
applicable to streams 1n the Ozark Plateaus Physio-
graphic Province and elsewhere which have similar
physiographic controls and have undergone similar
land-use histories

Results from this analysis indicated that wooded
and nonwooded land bordering Lattle Piney Creek
have about the same susceptibility to erosion Non-
wooded land 1s slightly more susceptible to gravel
deposition than wooded land When the spatial and
historical context of channel processes 1s taken 1nto
account, a variety of reasons can be 1dentified to
explain the 1nefficacy of riparian vegetation 1n channel
stability for moderate-size Ozarks streams (fourth to
sixth order)

*Valley-wall geometry exerts a strong control on
where channel instability occurs Lateral
channel mstability in disturbance reaches
may exist independent of stabilizing poten-
tial of ripanan vegetation

*In the study segment, banks are sufficiently high
that tree roots do not contribute substantially
to bank stability Lateral erosion of initially
convex-upward banks may have created a
greater proportion of near-vertical cutbanks
than was originally present

*Erosion and deposition 1n the study segment
depend 1n part on changes 1n the drainage
basin or riparian zones upstream Thus,
recovery of the study segment may have
resulted from upstream changes 1n tributary
riparian zones that decreased sediment sup-
ply, runoff, or flood peaks

*Because of a history of land-use changes and
landscape response, Ozarks streams are now
(1995) depositing greater quantities of gravel
and sand and lesser quantities of fine sedi-
ment than they did 1n pre-settlement time
Woody vegetation 1s less effective 1n stabi-
lizing banks and bars composed of coarse
sediment than those composed of fine sedi-
ment

The results of this study show that the efficacy
of riparian vegetation 1n channel recovery depends on
basin-wide factors and the spatial and historical con-
text of individual reaches Recovery of a stream seg-
ment may take a longer time and involve different
processes than the 1mtial destabilization Recognition
of spatial varations along a stream and the history of
channel changes should indicate where woody riparian
vegetation will be most successful in promoting chan-
nel stability

Summary and Conclusions 31



REFERENCES CITED

Albertson, PE , Menert, D, and Butler, G, 1995, Geomor-
phic evaluation of Fort Leonard Wood Vicksburg,
Miss,, U S Army Corps of Engineers, Waterways
Experiment Station, Technmical Report GL-95-19,
105p

Andrews, E D, 1984, Bed material entrainment and hydrau-
lic geometry of gravel-bed rivers in Colorado Geolog-
1cal Society of America Bulletin, v 95, p 371-378

Beschta, R L, and Platts, W S , 1986, Morphological fea-
tures of small streams—Significance and function
American Water Resources Association, Water
Resources Bulletin, v 22, p 369-379

Dury, G H, 1964, Principles of underfit streams U S Geo-
logical Survey Professional Paper 452—A, 67 p

Frissel, C A, Liss, WJ, Warren, C E , and Hurley, M D,
1986, A hierarchical framework for stream habitat
classification—Viewing streams 1n a watershed con-
text Environmental Management, v 10, p 199-214

Fukuoka, S, and Fujta, K, 1990, Flow resistance due to
lateral momentum transport across vegetation in the
river course, in Adams, E E , and Hecker, GE , eds ,
Proceedings of International Conference on Physical
Modeling of Transport and Dispersion American
Society of Civil Engineers, v 12B, p 25-30

Graf, WL , 1978, Fluvial adjustments to the spread of tama-
risk 1n the Colorado Plateau Region Geological Soci-
ety of America Bulletin, v 89, p 1,491-1,501

Hall, Leonard, 1958, Stars upstream—Laife along an Ozark
river Columbia, University of Missouri Press, 262 p

Hupp, CR, 1992, Ripanan vegetation recovery patterns
following stream channelization—A geomorphic per-
spective Ecology, v 73, p 1,209-1,226

Hupp, CR, and Simon, A, 1991, Bank accretion and the
development of vegetated depositional surfaces along
modified alluvial channels Geomorphology, v 4, p
111-124

Jacobson, R B , 1995, Spatial controls on patterns of land-
use induced stream disturbance at the drainage-basin
scale—An example from gravel-bed streams of the
Ozark Plateaus, Missouri, in Costa, JE , Miller, AT,
Potter, K W, and Wilcock, PR , eds , American Geo-
physical Union, Geophysical Monograph 89, The Wol-
man Volume, p 219-239

Jacobson, R B, and Primm, A T, 1994, Historical land-use
changes and potential effects on stream disturbance 1n
the Ozark Plateaus, Missour1 U S Geological Survey
Open-File Report 94-333, 95 p

Jacobson, R B, and Pugh, A L, 1992, Effects of land use
and climate shifts on channel instability, Ozark Pla-
teaus, Missourt, U S A Proceedings of the Workshop
on the Effects of Global Climate Change on Hydrology
and Water Resources at the Catchment Scale, Japan-

32 Stream-Channel Instability, Little Piney Creek, MO

U S Commuttee on Hydrology, Water Resources and
Global Climate Change, p 423444

Jacobson, R B, Pugh, A L, and McKenney, R A , 1992,
Stratigraphic evidence of human-induced disturbance
of Missour1 Ozarks streams [abs ] Abstracts with Pro-
grams, Geological Society of America, North-Central
Region, p 32

Lee, Wallace, 1913, The geology of the Rolla quadrangle
Rolla, Missour1 Division of Geology and Land Survey,
v 13, 2nd series, 111 p

Love, Kathy, 1990, Paradise lost Missour1 Conservationist,
v 51,p 31-35

McCracken, M H, 1971, Structural features of Missour1
Rolla, Missour1 D1vision of Geology and Land Survey
Report of Investigations 49, 99 p

McKenney, R A, Jacobson, R B, and Wertheimer, R C,
1995, Woody vegetation and channel morpho-genesis
1n low-gradient, gravel-bed streams 1n the Ozark Pla-
teaus, Missourt and Arkansas Geomorphology, v 13,
p 175-198

Miller, A J , and Jacobson, R B, 1995, Channel planform in
confining valleys [abs ] The International Association
of Geomorphologists, Southeast Asia Conference, Sin-
gapore, Malaysia, 1995, Proceedings, p 57

Murgatroyd, A L, and Ternan, J L , 1983, The impact of
afforestation on stream bank erosion and channel form
Earth Surface Processes and Landforms, v 8, p 357—
369

Petryk, S , and Bosmajian, G, III, 1975, Analysis of flow
through vegetation Proceedings, American Society of
Civil Engineers, Journal of the Hydraulics Division, v
101 HY7,p 871-884

Pratt, WP, Middendorf, M A , Satterfield, I R , and Gerde-
mann, PE, 1985, Geologic map of the Rolla 1° x 2°
Quadrangle, Missour1 U S Geological Survey Miscel-
laneous Field Studies Map MF-1000-B, scale
1 250,000

Probst, W, Rabeni, C F, Covington, C G, Marteney, R E
1984, Resource partitioning between stream-dwelling
rock bass (Ambloplites rupestris) and smallmouth bass
(Micropterus dolomieur) Transactions of the Ameri-
can Fisheries Society, v 113, p 283294

Reed, HL , Perkins, TJ, and Gray, GL, Jr, 1994, Water
resources data, Missouri, water year 1993 U S Geo-
logical Survey Water-Data Report MO-93-1, 272 p

Schumm, S A, 1960, The shape of alluvial channels in rela-
tion to sediment type U S Geological Survey Profes-
stonal Paper 352-B, 30 p

Shields, FD, Jr, and Nunnally, N R , 1984, Environmental
aspects of clearing and snagging Journal of Environ-
mental Engineering, v 110, p 152-165

Shields, FD , Jr, Bowie, A J, and Cooper, C M, 1995,
Control of streambank erosion due to bed degradation
with vegetation and structure Water Resources Bulle-
tin, v 31 p 475489



Smuth, D G, 1976, Effect of vegetation on lateral migration
of anastomosed channels of a glacier meltwater river
Geological Society of America Bulletin, v 87, p 857—
860

Thorne, C R, 1990, Effects of vegetation on riverbank ero-
sion and stability, in Thornes, J B , ed , Vegetation and
Erosion New York, John Wiley and Sons, p 125-144

Trimble, S W, 1994, Erosional effects of cattle on stream-
banks 1n Tennessee, U S A Earth Surface Processes
and Landforms, v 19, p 451-464

U S Bureau of the Census, 1850—1982, Census of the
Umnited States U S Department of Commerce

U S Geological Survey, 1987, Map accuracy U S Geological
Survey, National Cartographic Information Center, 2 p

Waldron, L J, 1977, Shear resistance of root permeated
homogeneous and stratified so1l So1l Science Society
of America Journal, v 41, p 843-849

Watts, J F, and Watts, G D, 1990, Seasonal change in
aquatic vegetation and 1ts effect on river channel flow,
in Thornes, J B , ed , Vegetation and Erosion New
York, John Wiley and Sons, p 257-267

Welsch, D J, 1991, Riparnan forest buffers—Function and
design for protection and enhancement of water
resources U S Department of Agriculture, Northeast-
ern Area, NA-PR—-07-91, 20 p

References Cited 33



Selected Series of U.S. Geological Survey Publications

Books and Other Publications

Professional Papers report scientific data and interpretations
of lasting scientific interest that cover all facets of USGS inves-
tigations and research

Bulletins contain significant data and interpretations that are of
lasting scientific interest but are generally more limited 1n
scope or geographic coverage than Professional Papers

Water-Supply Papers are comprehensive reports that present
sigmficant interpretive results of hydrologic investigations of
wide 1nterest to professional geologists, hydrologists, and engi-
neers The series covers investigations n all phases of hydrol-
ogy, including hydrogeology, availability of water, quality of
water, and use of water

Circulars are reports of programmatic or scientific information
of an ephemeral nature, many present important scientific
information of wide popular interest Circulars are distributed
at no cost to the public

Fact Sheets communicate a wide vartety of timely information
on USGS programs, projects, and research They commonly
address 1ssues of public interest Fact Sheets generally are two
or four pages long and are distributed at no cost to the public

Reports 1n the Digital Data Series (DDS) distribute large
amounts of data through digital media, including compact disc-
read-only memory (CD-ROM) They are high-quality, interpre-
tive publications designed as self-contained packages for view-
g and interpreting data and typically contain data sets,
software to view the data, and explanatory text

Water-Resources Investigations Reports are papers of an
interpretive nature made available to the public outside the for-
mal USGS publications series Copies are produced on request
(unlike formal USGS publications) and are also available for
public inspection at depositories indicated in USGS catalogs

Open-File Reports can consist of basic data, preliminary
reports, and a wide range of scientific documents on USGS
mvestigations Open-File Reports are designed for fast release
and are available for public consultation at depositones

Maps

Geologic Quadrangle Maps (GQ’s) are multicolor geologic
maps on topographic bases n 7 5- or 15-minute quadrangle
formats (scales manly 1 24,000 or 1 62,500) showing bedrock,
surficial, or engineering geology Maps generally include brief
texts, some maps include structure and columnar sections only

Geophysical Investigations Maps (GP’s) are on topographic
or planimetric bases at various scales They show results of
geophysical investigations using gravity, magnetic, se1smic, or
radioactivity surveys, which provide data on subsurface struc-
tures that are of economic or geologic significance

Miscellaneous Investigations Series Maps or Geologic
Investigations Series (I’s) are on planimetric or topographic
bases at various scales, they present a wide vanety of format
and subject matter The series also incudes 7 5-munute quadran-
gle photogeologic maps on planimetric bases and planetary
maps

Information Periodicals

Metal Industry Indicators (MII’s) 1s a free monthly newslet-
ter that analyzes and forecasts the economic health of five
metal industries with composite leading and coincident
indexes prnimary metals, steel, copper, primary and secondary
aluminum, and aluminum mull products

Mineral Industry Surveys (MIS’s) are free penodic statistical
and economuc reports designed to provide timely statistical data
on production, distribution, stocks, and consumption of signifi-
cant mineral commodities The surveys are 1ssued monthly,
quarterly, annually, or at other regular intervals, depending on
the need for current data The MIS’s are published by commod-
1ty as well as by State A series of international MIS’s 1s also
available

Published on an annual basis, Mineral Commeodity Summa-
ries 1s the earliest Government publication to furnish estimates
covering nonfuel mineral industry data Data sheets contain
information on the domestic industry structure, Government
programs, tanffs, and 5-year salient statistics for more than 90
individual minerals and materals

The Minerals Yearbook discusses the performance of the
worldwide minerals and matenals industry during a calendar
year, and 1t provides background information to assist in inter-
preting that performance The Minerals Yearbook consists of
three volumes Volume I, Metals and Minerals, contains chap-
ters about virtually all metallic and industrnial mineral commod-
ities important to the U S economy Volume II, Area Reports
Domestic, contains a chapter on the minerals industry of each
of the 50 States and Puerto Rico and the Administered Islands
Volume 11, Area Reports International, 1s published as four
separate reports These reports collectively contain the latest
available mineral data on more than 190 foreign countries and
discuss the importance of muinerals to the economues of these
nations and the United States

Permanent Catalogs

“Publications of the U.S. Geological Survey, 1879-1961"
and “Publications of the U.S. Geological Survey, 1962—
1970 are available 1n paperback book form and as a set of
mucrofiche

“Publications of the U.S. Geological Survey, 1971-1981” 1s
available 1 paperback book form (two volumes, publications

listing and index) and as a set of mucrofiche

Annual supplements for 1982, 1983, 1984, 1985, 1986, and

subsequent years are available in paperback book form



Selected Series of U.S. Geological Survey Publications

Books and Other Publications

Professional Papers report scientific data and interpretations
of lasting scientific interest that cover all facets of USGS inves-
tigations and research.

Bulletins contain significant data and interpretations that are of
lasting scientific interest but are generally more limited in
scope or geographic coverage than Professional Papers.

Water-Supply Papers are comprehensive reports that present
significant interpretive results of hydrologic investigations of
wide interest to professional geologists, hydrologists, and engi-
neers. The series covers investigations in all phases of hydrol-
ogy, including hydrogeology, availability of water, quality of
water, and use of water.

Circulars are reports of programmatic or scientific information
of an ephemeral nature; many present important scientific
information of wide popular interest. Circulars are distributed
at no cost to the public.

Fact Sheets communicate a wide variety of timely information
on USGS programs, projects, and research. They commonly
address issues of public interest. Fact Sheets generally are two
or four pages long and are distributed at no cost to the public.

Reports in the Digital Data Series (DDS) distribute large
amounts of data through digital media, including compact disc-
read-only memory (CD-ROM). They are high-quality, interpre-
tive publications designed as self-contained packages for view-
ing and interpreting data and typically contain data sets,
software to view the data, and explanatory text.

Water-Resources Investigations Reports are papers of an
interpretive nature made available to the public outside the for-
mal USGS publications series. Copies are produced on request
(unlike formal USGS publications) and are also available for
public inspection at depositories indicated in USGS catalogs.

Open-File Reports can consist of basic data, preliminary
reports, and a wide range of scientific documents on USGS
investigations. Open-File Reports are designed for fast release
and are available for public consultation at depositories.

Maps

Geologic Quadrangle Maps (GQ’s) are multicolor geologic
maps on topographic bases in 7.5- or 15-minute quadrangle
formats (scales mainly 1:24,000 or 1:62,500) showing bedrock,
surficial, or engineering geology. Maps generally include brief
texts; some maps include structure and columnar sections only.

Geophysical Investigations Maps (GP’s) are on topographic
or planimetric bases at various scales. They show results of
geophysical investigations using gravity, magnetic, seismic, or
radioactivity surveys, which provide data on subsurface struc-
tures that are of economic or geologic significance.

Miscellaneous Investigations Series Maps or Geologic
Investigations Series (I’s) are on planimetric or topographic
bases at various scales; they present a wide variety of format
and subject matter. The series also incudes 7.5-minute quadran-
gle photogeologic maps on planimetric bases and planetary
maps.

Information Periodicals

Metal Industry Indicators (MII’s) is a free monthly newslet-
ter that analyzes and forecasts the economic health of five
metal industries with composite leading and coincident
indexes: primary metals, steel, copper, primary and secondary
aluminum, and aluminum mill products.

Mineral Industry Surveys (MIS’s) are free periodic statistical
and economic reports designed to provide timely statistical data
on production, distribution, stocks, and consumption of signifi-
cant mineral commodities. The surveys are issued monthly,
quarterly, annually, or at other regular intervals, depending on
the need for current data. The MIS’s are published by commod-
ity as well as by State. A series of international MIS’s is also
available.

Published on an annual basis, Mineral Commodity Summa-
ries is the earliest Government publication to furnish estimates
covering nonfuel mineral industry data. Data sheets contain
information on the domestic industry structure, Government
programs, tariffs, and 5-year salient statistics for more than 90
individual minerals and materials.

The Minerals Yearbook discusses the performance of the
worldwide minerals and materials industry during a calendar
year, and it provides background information to assist in inter-
preting that performance. The Minerals Yearbook consists of
three volumes. Volume I, Metals and Minerals, contains chap-
ters about virtually all metallic and industrial mineral commod-
ities important to the U.S. economy. Volume II, Area Reports:
Domestic, contains a chapter on the minerals industry of each
of the 50 States and Puerto Rico and the Administered Islands.
Volume III, Area Reports: International, is published as four
separate reports. These reports collectively contain the latest
available mineral data on more than 190 foreign countries and
discuss the importance of minerals to the economies of these
nations and the United States.

Permanent Catalogs

“Publications of the U.S. Geological Survey, 1879-1961"
and “Publications of the U.S. Geological Survey, 1962—
1970” are available in paperback book form and as a set of
microfiche.

“Publications of the U.S. Geological Survey, 1971-1981" is
available in paperback book form (two volumes, publications
listing and index) and as a set of microfiche.

Annual supplements for 1982, 1983, 1984, 1985, 1986, and
subsequent years are available in paperback book form.



9%
%




