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A B S T R A C T

Downstream fining in the Cosumnes River is partially controlled by longitudinal variation in sediment mobility
linked to changes in cross-sectional morphology. Strong fining occurs where the channel is self-formed with section-
averaged bankfull dimensionless shear stress ( ) near the threshold of motion (ca. 0.031), allowing for size-selective∗t

transport. In contrast, fining is minimal in confined reaches where is generally greater than twice the threshold∗t

value and transport is nonselective. Downstream fining is best described by a model that depicts fining in discrete
intervals separated by a segment in which equal mobility of bed material accounts for the lack of diminishing grain
size.

Introduction

Reduction in the size of bed material with distance
downstream is commonly observed in gravel-bed
rivers. Researchers have attributed this feature,
termed “downstream fining,” to the processes of
selective sorting (Ashworth and Ferguson 1989;
Ferguson and Ashworth 1991; Paola et al. 1992; Fer-
guson et al. 1996; Seal et al. 1997) and abrasion
(Bradley 1970; Schumm and Stevens 1973; Werrity
1992; Kodama 1994a, 1994b). A simple exponential
function developed by H. Sternberg in 1875 is typ-
ically used to describe downstream fining over a
longitudinal profile with no lateral sources of
coarse sediment (e.g., Shaw and Kellerhals 1982):

�aL,D p D e (1)0

where D is a characteristic grain size in millimeters
(usually the median), L is the distance downstream
in kilometers, D0 is grain size at the upstream end
of the study reach ( ), and a is an empiricalL p 0
diminution coefficient (km�1) that reflects the com-
bined effects of selective sorting and abrasion. Dis-
continuities or steps in downstream fining patterns
may be caused by coarse lateral supply (Knighton
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1980; Rice and Church 1998; Rice 1999) or anthro-
pogenic channel modifications (Surian 2002).

The relative importance of sorting and abrasion
in determining the diminution coefficient depends
on the system in question, particularly on the na-
ture of material in transport (Bradley 1970; Parker
1991; Werrity 1992; Kodama 1994a, 1994b) and
whether sediment discharge is limited by transport
capacity or sediment supply (Shaw and Kellerhals
1982). A number of flume experiments (Paola et al.
1992; Seal et al. 1997) and field studies in transport-
limited alluvial streams (Ferguson and Ashworth
1991; Ferguson et al. 1996) have emphasized the
ability of sorting to produce downstream fining
with little contribution by abrasion. Dominance of
sorting in aggrading streams has been linked to
strong profile concavity and associated decreasing
bed shear stress with distance downstream (Fer-
guson and Ashworth 1991; Parker 1991; Ferguson
et al. 1996). In supply-limited systems where there
is no aggradation to facilitate sorting, it is thought
that the influence of abrasion is increased relative
to or perhaps becomes greater than that of sorting
(Shaw and Kellerhals 1982); however, there is a pau-
city of downstream fining studies aimed at address-
ing process in degrading streams. One study in a
Mississippi creek with a stable thalweg elevation
documented strong downstream fining ( )a p 0.65
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and attributed it to selective transport despite the
absence of aggradation (Kuhnle 1996).

The ability of selective sorting to produce down-
stream fining depends on the existence of mobility
differences between fine and coarse grains. Al-
though one may expect smaller gravel to be more
easily entrained by overhead flow than larger ma-
terial, numerous studies have demonstrated that
the effects of hiding and protrusion in mixtures
containing both fine and coarse gravel work to nar-
row mobility differences between grain sizes (Par-
ker and Klingeman 1982; Ashworth and Ferguson
1989). Despite relative-size effects, exact equal mo-
bility is not reached in natural gravel-bed streams
until bed shear stress greatly exceeds the critical
shear stress necessary for entrainment of the sur-
face median and the coarse surface layer is broken
apart (Parker and Klingeman 1982; Parker et al.
1982; Wilcock 1992). It may be inferred from this
observation that downstream fining is strongest in
stream reaches where the ratio of bed shear stress
to critical shear stress is nearest the threshold of
general motion and weakest where the ratio ex-
ceeds that required to destroy the surface pave-
ment.

In graded rivers (those adjusted to imposed flow
and sediment supply conditions), bed shear stress
at bankfull or dominant discharge is maintained
above some critical value necessary for bedload
transport but below that which would cause chan-
nel instability (Parker 1979). This implies that in
self-formed gravel-bed rivers, bankfull dimension-
less shear stress ( ) approximates some threshold∗t

value and is constant with distance downstream.
The expression of is∗t

r ghSw∗t p , (2)
( )r � r gDs w

where rw is water density, g is gravitational accel-
eration, h is section-averaged flow depth at bankfull
stage, S is energy gradient, rs is sediment density
(considered here to be equal to that of quartz [2650
kg m�3]), and D is median surface grain size. In
rivers where longitudinal differences in the ero-
sional resistance of bank material and correspond-
ing cross-sectional morphology (Wohl and Achyu-
than 2002) exist, one may expect to vary from∗t

the threshold value and that this variation is re-
flected in the downstream fining pattern.

The purpose of this field study is to investigate
the influence of changes in and bed material mo-∗t

bility associated with morphological heterogeneity
on the downstream fining pattern in a lowland por-
tion of the Cosumnes River, Central Valley, Cali-

fornia. The cumulative effects of channel modifi-
cations made during the early twentieth century
(e.g., constriction to a single channel and levee con-
struction) and watershed land use changes on flow
and sediment supply induced significant incision
in the study area (Constantine 2001). As a result of
incision, duripan layers preserved in Tertiary and
Quaternary alluvial fan deposits were exhumed and
eroded. The contemporary channel in the study
area consists of two reach types: self-formed
reaches characterized by sequences of alluvial bed-
forms and duripan reaches in which outcrops of
erosionally resistant duripan in the banks or bed
control cross-sectional shape or local bed erosion
rates.

Our results verify that longitudinal changes in
cross-sectional form affect and, consequently,∗t

gravel mobility. We also provide field evidence that
shows that deviations from threshold influence∗t

downstream fining patterns in systems where fin-
ing is dominated by selective sorting. In the Co-
sumnes River, downstream fining is strongest in
self-formed, alluvial reaches where averages a∗t

threshold value of 0.031, but it is minimal in con-
fined reaches where exceeds that required for∗t

equal mobility of bed material at bankfull dis-
charge.

Study Area

The Cosumnes River watershed occupies an area
of approximately 3000 km2 in the Central Valley
of California (fig. 1). Flow in the Cosumnes is de-
rived mainly from rain that falls between the
months of October and May. Bankfull or dominant
discharge corresponding to a recurrence interval of
1.5 to 2 yr ranges from 178 to 295 m3 s�1 as deter-
mined from USGS stream gauge data. Unlike most
rivers draining the western slopes of the Sierra Ne-
vada, the Cosumnes River has no large dam on it
to regulate flow.

Sediment supply in the river originates primarily
from andesitic, metamorphic, and granitic sources
in the Sierra Nevada (fig. 1). In the study area lo-
cated west of the Sierran foothills, the geology con-
sists of sequential terraces and broad floodplain de-
posits. Glacial advances during the Tertiary and
early Quaternary initiated repeated cycles of inci-
sion and valley filling followed by landscape sta-
bility. These events resulted in dissection of vol-
canic deposits and development of alluvial fans to
the west of the Sierra. Within alluvial fan forma-
tions, quiescent intervals are marked by well-
developed soil horizons that separate glacial out-
wash of different ages (Piper et al. 1939; Shlemon
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Figure 1. Generalized geologic map of the Cosumnes River watershed. The box outlines the 43-km study area. (Map
modified from Wagner et al. [1981]. Digital data provided by the Nature Conservancy and Teale Data Center and
compiled by the Information Center for the Environment, University of California, Davis.)

1972). Over time, the soil horizons hardened to
form erosionally resistant duripan layers.

The study area is a 43-km, low-gradient segment
of the Cosumnes River that has been directly al-
tered by channel modifications completed in the
last 100 yr. Examination of historical maps revealed
that before European settlement of the Central
Valley, the Cosumnes River system was composed
of shallow anastomosing channels that experienced
episodic avulsion and frequent overbank flooding
(Florsheim and Mount 2002). Beginning in 1907,
levees were constructed to restrict flood flow to a
single channel and minimize lateral migration. In-
creased in-channel flow depth and corresponding
heightened bed shear stress were likely the major
causes of widespread riverbed lowering in the study
area (Vick et al. 1997; Constantine 2001). In some
reaches, substantial incision resulted in excavation
and erosion of duripan layers that control local
cross-sectional form and thereby affect the down-
stream fining pattern documented in this study.

Current planform and cross-sectional morphol-

ogy of the Cosumnes in the study area are influ-
enced by geology in addition to positions of levees
and bank protection structures. The study area can
be generally divided into three segments based on
geomorphology and channel modifications. From 0
to 10 km, the channel is formed in unconsolidated
alluvium, and levees are not continuous along ei-
ther bank. Previous incision caused bank instabil-
ity and subsequent widening by as much as 300%
in the first 1 to 2 km of the study area where bank
material is coarse and poorly sorted (Constantine
2001). Field evidence has suggested that the direc-
tion of adjustment has recently turned from deg-
radation to aggradation in this portion of the river
(Constantine 2001). A bedrock outcrop forms a
knick zone at about 10 km that acts as a local base-
level control for upstream reaches, perhaps sup-
porting upstream aggradation (Constantine 2001).
The second portion of the river, from 10 to about
34 km, is frequently lined by levees and contains
numerous deeply incised reaches. The composi-
tions of the banks and bed in this portion alternate
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between alluvium and duripan. Bank protection
structures and erosionally resistant duripan appear
to increase bank strength and minimize lateral ero-
sion in some locations, and a number of small di-
version dams control local bed elevation. The third
portion extends from 34 km to the downstream end
of the study area at 43 km. Bank and bed compo-
sitions again alternate between alluvium and duri-
pan; however, maximum channel depth is fre-
quently lower because levees are set farther back
from the channel and allow for limited overbank
flooding.

Methods

Surface and subsurface bed material samples were
collected in order to define the downstream fining
pattern in the study area. Samples were collected
from square-meter plots at the centers of active
channel bars, and sampling sites were spaced ap-
proximately 1 km apart. Spacing was greater than
1 km where bedforms were scarce in the incised
portion of the study area. Surface samples were col-
lected to the depth of the largest exposed grain ac-
cording to a procedure described by Church et al.
(1987). Where grains with diameters less than 2 mm
comprised more than 50% of the bar surface area,
the surface was not differentiable from the subsur-
face, and bulk samples were collected. The size of
each sample was sufficiently large so that the mass
of the largest grain constituted no more than 5%
and usually less than 3% of the total sample mass
following a method proposed by Church et al.
(1987). The samples were sieved at half-F intervals
in the field using rocker sieves. Material less than
8 mm in diameter was sieved in the lab.

A 43-km longitudinal thalweg profile was sur-
veyed and 27 cross sections were completed at sam-
ple sites in the upstream 32 km of the profile where
the bed surface is gravel dominated. In the incised
portions of the study area, bankfull stage does not
match the elevation of the floodplain; therefore,
other field indicators were used to determine the
elevation of the dominant channel-forming flow.
These include change in bank slope, top of a point
bar, and elevation of an undercut bank (Harrelson
et al. 1994). The definitions showed some vari-
ability; thus, multiple bankfull estimates were
made at many of the cross sections. Reach-averaged
bed gradient measured over a distance of five to
seven channel widths upstream and downstream of
each site was used as a proxy for energy gradient
in calculations.∗t

At two sites (24 and 27 km), low-flow pooling
and deposition of fines were responsible for surface

median grain sizes of less than 2 mm. Data from
these sites, which were located upstream of in-
channel obstructions (a diversion dam and a duri-
pan outcrop, respectively), were excluded from the
downstream fining and analyses. Grain size and∗t

survey data from one additional site (0 km) were
excluded after the discovery that a landowner pe-
riodically attempts to reconfigure the channel.

The variable was used to compare bed shear∗t

stress with components of critical shear stress for
the surface median. Use of rather than excess∗t

shear stress eliminates the need to choose a value
to represent dimensionless critical shear stress (k),
a constant in the complete equation for critical
shear stress. Published values of k range from 0.030
to 0.086 (Buffington and Montgomery 1997), and it
is unknown which number would be most appro-
priate for application in the Cosumnes River.

Error in estimates is difficult to quantify since∗t

it stems, in part, from uncertainty involved in de-
termining bankfull, especially in the incised por-
tions of the study area. Another source of error is
the failure of the section-averaged depth-slope
product to account for spatial variations in bed
shear stress and depth-velocity interactions that in-
fluence sediment entrainment (Wilcock et al.
1996). Although the estimates of depth used to cal-
culate contain some error, the methodology em-∗t

ployed in the field was consistent from site to site.
Therefore, evaluation of is valid for discussion∗t

of relative longitudinal differences in the relation-
ship between bed shear stress and critical shear
stress. Longitudinal trends of bankfull width-to-
depth ratio and channel bottom width were com-
pared with those of in order to link changes in∗t

bed mobility to variations in cross-sectional mor-
phology. While bankfull width-to-depth ratio mea-
surements may be subject to error in estimating
bankfull, channel bottom width is an unbiased in-
dicator of cross-sectional form and, as such, pro-
vides a reference for evaluating the reliability of
trends of bankfull-dependent variables. In this
study, bottom width is defined as the width across
the bottom of the channel between breaks in slope
from the bed to the bank.

Results and Discussion

Downstream variation in surface median grain size
in the Cosumnes River was documented, and grain
size trends were compared with those of , bank-∗t

full width-to-depth ratio, and channel bottom
width (table 1; tables 1–3 are available from The
Journal of Geology’s office free of charge on re-
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quest). The latter two variables were used as quan-
tifiable measures of cross-sectional morphology.
Changes in account for differences in bed mo-∗t

bility that are shown to influence the downstream
fining pattern.

Downstream fining in the study area generally
follows an exponential pattern with a diminution
coefficient of 0.072 ( ; fig. 2a). A power2R p 0.74
function was also tested but achieved a poorer de-
gree of explanation ( ). The coefficient2R p 0.54

is slightly less than those determined fora p 0.072
two streams with commensurate drainage area A,
a variable on which a is strongly dependent (Hoey
and Bluck 1999), and bed material lithology. In the
Knik River, Alaska, Bradley et al. (1972) found that

, and Kodama (1994a) estimated thata p 0.13
in the Watarase River, Japan.a p 0.089

Scatter in the downstream fining pattern in figure
2a reflects natural variability of the effects of sam-
pling from centers of bars with varying dimensions
and grain size distributions; it is not linked to
changes in sediment supply. Previous studies have
determined that discontinuities in downstream fin-
ing patterns can be explained by lateral sediment
sources such as tributaries or locations of bank ero-
sion (Knighton 1980; Rice and Church 1998; Rice
1999). However, none of the three tributaries that
join the Cosumnes in the study area appears to sup-
ply sufficient coarse material to cause distinct steps
in the fining pattern (fig. 2a). Contribution of coarse
material via bank erosion is limited to the upstream
1 km of the study area where the banks contain
cobbles in a matrix of loose sand. Between about
13 and 30 km, the banks and bed are frequently
composed of duripan (fig. 2b). Cobble or gravel
lenses are exposed below duripan layers in the
banks at nine locations; however, contribution
from the lenses is likely minimal. Erosion of the
lenses is presumed limited for a number of reasons:
the deposits are partially cemented, they are pro-
tected from erosion by overlying resistant duripan,
and lateral channel migration is prohibited by duri-
pan or levees and bank protection structures in
most reaches between 10 and 34 km. Therefore,
there are no major sources of cobble- to gravel-sized
sediment downstream of 1 km besides what is car-
ried from upstream as bedload. A recent study by
Surian (2002) showed that instream structures such
as diversion dams may also influence downstream
fining patterns. Although there are four small ag-
ricultural dams in the study area, the resolution of
the grain size data is not adequate for identifying
the local effects of the dams on downstream fining.

Despite some scatter, strong fining is prevalent
upstream of 17 km and also downstream of 32 km;

however, there is a 15-km distance between these
segments through which median surface grain size
changes very little with distance downstream. This
decline in fining strength is not replicated by the
exponential trend line, and the majority of data
points within the 15-km portion plot above the
trend line. The remainder of this article is devoted
to addressing the cause of this phenomenon and
proposing a model that is more appropriate than
the continuous exponential function for depicting
the downstream fining pattern in the study area.

Effects of Changing and Bed Mobility on the Down-∗t

stream Fining Pattern. Longitudinal differences in
fining strength in the study area are linked to
changes in and corresponding gravel mobility∗t

caused by variation in cross-sectional morphology.
In segment 1 (0–17 km), maintains an average∗t

value of 0.031 (fig. 2c), indicating that sediment
transport conditions at the sites are graded and that

represents some requirement for initi-∗t p 0.031
ation of general motion. The majority of the sites
where is near 0.031 exist upstream of 10 km∗t

where banks are composed mainly of unconsoli-
dated, gravel- to sand-sized alluvium and levees are
absent from at least one bank. These factors allow
the channel to adjust to changes in flow and sed-
iment supply in order to maintain near the∗t

threshold of motion. The value 0.031 is similar to
dimensionless critical shear stress values reported
in other studies (e.g., 0.035 by Parker and Klinge-
man [1982]), although estimates made in the lit-
erature differ on the basis of the method of deter-
mination and other factors (review by Buffington
and Montgomery 1997). Andrews (1983) found that
the critical value (0.033) is often exceeded at bank-
full, and he therefore proposed that average bank-
full is actually greater (0.047). Although it is∗t

lower than the 0.047 suggested by Andrews (1983)
for bankfull, 0.031 represents a reasonable estimate
of threshold in graded gravel-bed reaches.∗t

Strong fining in segment 1 is likely caused by
size-selective transport under conditions of thresh-
old with coarse sediment fractions exhibiting∗t

only partial mobility. Size selectivity accounts for
fining by allowing fine grains to move downstream
more frequently and rapidly than coarse ones, re-
sulting in a concentration of coarse material up-
stream. Aggradation in the upstream 10 km of the
study area may facilitate fining in the segment by
promoting selective deposition of large grains.

Through segment 2 (17–32 km), median grain
size diminishes very little, and data suggest that
this decline in fining strength is driven by a tran-
sition from size-selective transport to equal mo-
bility of bed material. Values of in segment 2∗t
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Figure 2. a, Downstream fining of median surface grain
size. Locations of tributaries and the three channel seg-
ments discussed in the text are shown. The exponential
trend was fit to data by least squares linear regression.
b, Channel profile and downstream variation in sub-
strate. c, Downstream variation in measured at sample∗t

sites from 0 to 32 km. Error bars show 1 standard devi-

ation about average at all sites except those where the∗t

error plotted smaller than the symbol. The average for
segment 1 (0.031) represents the threshold of motion. In
segment 2, the channel is generally narrow and deep,
leading to well above the threshold. d, Downstream∗t

variation in average bankfull width-to-depth ratio and
channel bottom width measured at sample sites from 0
to 32 km. Both variables decrease downstream of about
18 km, indicating that cross-sectional morphology gen-
erally shifts from wider and shallower upstream to nar-
rower and deeper downstream. This change from uncon-
fined to confined potential for lateral adjustment may be
attributed to the presence of erosionally resistant duripan
banks at numerous sites in segment 2. See table 1 for
figure 2 data.

generally exceed the threshold value of 0.031 mea-
sured upstream and reach as high as 0.189, with
70% greater than 0.116 (fig. 2c). This segment that
exhibits high is the same length through which∗t

there is little net reduction in median grain size
(fig. 2a, 2c). As previously mentioned, there are no
significant lateral sources of coarse sediment in this
segment; therefore, the lack of net downstream fin-
ing is probably linked to conditions of bed mobility
rather than the result of compensation of fining by
coarse lateral supply. It has been recognized that
size selectivity of transport ceases and all size frac-
tions become equally mobile when bed shear stress
greatly exceeds the critical shear stress required for
entrainment (Parker and Klingeman 1982; Parker
et al. 1982). Wilcock (1992) found that for ,t/t 1 2cr

where t is bed shear stress given by andt p r ghSw

tcr denotes critical shear stress according to t pcr

, the coarse surface layer breaks up andk (r � r ) gDs w

all sizes are equally mobile. The constant k denotes
dimensionless critical shear stress and is typically
derived for a particular application or is assigned a
previously reported value, usually one between
0.03 and 0.06. Choosing , the thresholdk p 0.031
value determined in this study, yields the condition
that selective mobility ceases when . All∗t ≥ 0.062
but two values of measured in segment 2 are∗t

greater than 0.062, suggesting that, in general, bed
material in this segment experiences equal mobil-
ity at bankfull. Increasing k to 0.047 (Andrews
1983) does not change the result significantly since

values measured in this segment are greater than∗t

0.094 at all but three sample locations. Apparently,
sustained high in most reaches in segment 2 di-∗t

minishes the potential for downstream fining
through selective sorting by enabling transport of
all surface particles regardless of size.
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Connecting and Gravel Mobility Trends to Changes∗t

in Cross-Sectional Form. Increased in segment 2∗t

coincides with decreased bankfull width-to-depth
ratio and channel bottom width, suggesting that
the positive shift in is caused by a change in the∗t

dominant cross-sectional form. Average bankfull
width-to-depth ratio decreases with distance down-
stream, and values are smallest at sites in segment
2 where is highest (fig. 2d). Measured bankfull∗t

width-to-depth ratio is affected by uncertainty in
estimating dominant discharge stage in the field;
therefore, channel bottom width, an objective mea-
surement, was also examined as an indicator of lon-
gitudinal change in cross-sectional morphology.
Channel bottom width illustrates the same trend
as bankfull width-to-depth ratio: downstream of
about 18 km, values drop as the channel becomes
narrower and deeper. Narrow, deep, cross-sectional
morphology in reaches with duripan banks reflects
the relatively high resistance of the duripan to ero-
sion. Reliance of cross-sectional form on bank ma-
terial resistance has previously been noted by Wohl
and Achyuthan (2002). Although others exist, only
one duripan reach between 13 and 18 km was mea-
sured because of the lack of ideal grain size sam-
pling sites. The presence of duripan banks in this
portion of segment 1 suggests that segment 1 may
include a limited number of reaches with small
width-to-depth ratios and high values. Therefore,∗t

the chosen boundary at 18 km should be viewed
as an approximation based on available data. In seg-
ment 2, alluvial sites that have small width-to-
depth ratios are located in reaches where bank ma-
terial is fine grained, banks are strengthened by
large roots, and the channel is closely lined by lev-
ees with bank protection structures. These fea-
tures, like the presence of duripan, increase bank
strength and inhibit widening in response to
incision.

Through confinement of flow to a narrow, deep
channel in segment 2, is raised above the thresh-∗t

old value and sediment transport reaches equal mo-
bility, thus causing the observed lack of down-
stream fining. The change to narrow, deep,
cross-sectional morphology necessarily generates
greater flow depth and increased since discharge∗t

is likely constant with distance downstream, and
bed gradient declines less than 20% between seg-
ments 1 and 2 (fig. 2b; table 2).

While most of the channel in segment 2 exhibits
in excess of that required for equal mobility, a∗t

few reaches exist within this segment where lo-∗t

cally approximates the threshold value and trans-
port may be size selective. Anomalously low reach
gradient at one site and relatively wide channel

cross section at another result in values near the∗t

threshold value of 0.031 at two locations in seg-
ment 2 (fig. 2c). Nevertheless, any downstream fin-
ing through these reaches where transport is likely
size selective is seemingly muted by the abundance
of reaches in which mixed-sized gravel achieves
equal mobility.

Transition from Gravel to Sand: Evidence and Pro-
cess. In segment 3 (32–43 km), fining resumes to
produce a transition in median grain size from pri-
marily gravel sized upstream to mainly sand sized
downstream (fig. 2a). Although no cross-sectional
survey data were collected in order to evaluate ,∗t

the resumption of fining and transition from gravel
to sand are likely associated with reduced bed gra-
dient (table 2) and lower maximum channel depth
because the levees are placed farther from the chan-
nel downstream of about 34 km. These changes in
bed gradient and flow depth potentially cause ∗t

to approach the threshold value, initiating size-
selective transport in segment 3.

The absence of fining in reaches characterized by
high and diminished potential for selective trans-∗t

port suggests that downstream fining in the study
area is dominated by sorting rather than abrasion,
which would operate continuously regardless of
changes in . Several observations support this.∗t

The river in the study area is low gradient (gradient
less than 0.1%), carries relatively resistant lithol-
ogies, and exhibits no detectable change in litho-
logic content of the bed surface with distance
downstream.

A New Model. On the basis of the above obser-
vations and measurements, downstream fining in
the study area occurs in two discrete intervals
rather than continuously over the length of the pro-
file, and this distinction is due to longitudinal
changes in bed mobility. Fining is strongest in seg-
ments 1 and 3, and these segments are separated
by an approximately 15-km stretch through which
there is limited reduction in median grain size (fig.
3). In the medial segment, all sizes of bed material
are transported downstream as a consequence of
nonselective transport stemming from values∗t

that are usually greater than twice the threshold
value critical for motion.

Statistical comparison shows that the interval
model for downstream fining depicted in figure 3
provides a slightly better fit to the data in segments
1 and 3 than does the traditional continuous model
shown in figure 2a. The standard error of estimate
was used to test the fit of the models. First, the
standard error of estimate calculated for the con-
tinuous model applied only to data in segment 1,
and then for the interval model applied to the same
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Figure 3. Alternative model of downstream fining in
the study area. Fining occurs through selective sorting
in segment 1, where approximates the threshold∗t

(0.031), and also in segment 3. In segment 2, where most
reaches are confined and exhibit high , all grain sizes∗t

are equally mobile at bankfull, thereby resulting in no
net fining.

data. The procedure was repeated for data in seg-
ment 3, and the results were tabulated (table 3).
While the strength of correlation between the data
in segment 1 and the models is equivalent for the
two models, the data in segment 3 are statistically
better represented by applying the interval model.
These results combined with the evidence for equal
mobility of gravel in segment 2 indicate that the
interpretation presented in figure 3 is the better
model of downstream fining in the study area.

Conclusions
This study demonstrates that in alluvial rivers, ex-
ponential downstream fining dominated by selec-

tive sorting is sensitive to changes in bed material
mobility. Grain size measurements and estimates
of show that fining is strongest in reaches where∗t

approximates the threshold required for motion∗t

(0.031) and sediment transport conditions are
graded. The threshold value is primarily asso-∗t

ciated with alluvial reaches where cross-sectional
morphology is free to adjust to changes in flow and
sediment supply. In reaches where channel width
is confined, particularly by erosionally resistant
bank material, exceeds the requirement for equal∗t

mobility of all grain sizes at bankfull. Elevated ∗t

and resulting equal mobility lead to reduced fining
in one segment of the study area compared with
that in upstream and downstream segments. Our
results suggest that reach-selective fining has im-
portant implications for larger-scale downstream
fining patterns in rivers with longitudinal differ-
ences in gravel mobility caused by variation in .∗t

This phenomenon may be common in incised riv-
ers, especially those incised into erosionally resis-
tant alluvium or bedrock.
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