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Foreword
The lower Yuba River Accord (Accord) consists of a Fisheries Agreement and several other
elements. The Fisheries Agreement includes descriptions of the River Management Team
(RMT), the River Management Fund (RMF), and the Monitoring and Evaluation Plan (M&E
Plan). The Fisheries Agreement in its entirety can be found on the Accord RMT website
(http://www.yubaaccordrmt.com).
The RMT Planning Group includes representatives of the California Department of Fish and
Game (CDFG), National Marine Fisheries Service (NMFS), Pacific Gas and Electric (PG&E),
U.S. Fish and Wildlife Service (USFWS), Yuba County Water Agency (YCWA), and one
representative for the four non-government organizations (Friends of the River, South Yuba
River Citizen’s League, The Bay Institute, and Trout Unlimited) that are parties to the Fisheries
Agreement. The RMT planning group has developed an M&E Plan to guide study efforts
through the efficient expenditure of RMF funds.
Multiple studies were identified by the RMT to address the specific analytics that are necessary
to evaluate the performance indicators detailed in the M&E Plan. The purpose of this report is to
document findings for the performance indicators that are enumerated in the M&E Plan.
The research and results detailed in this report were funded through a research grant to the
University of California at Davis by the Yuba County Water Agency (Research Agreement #
201016094).

Suggested Citation: Jackson, J.R., Pasternack, G.B., Wyrick, J.R. 2013. Substrate of the Lower
Yuba River. Prepared for the Yuba Accord River Management Team. University of California,
Davis.
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Executive Summary
The 25 mi (37.1 km) long lower Yuba River (LYR) is a regulated, meandering, gravel/cobblebed river with wild and hatchery-origin Chinook and other salmonids. The Yuba Accord River
Management Team (YARMT) conducts studies in accordance with its Monitoring and
Evaluation Plan (M&E Plan) to assess the degree to which LYR temperature and flow regimes
specified in the Yuba Accord support salmonids in good condition and with a viable salmonid
population. Whether individual fish in the LYR constitute a true population unto itself or are
members of a regional amalgamation, the important outcome is that the LYR must serve as a
functional neighborhood for these migratory fish. To assess the status of LYR ecosystem
services for salmonids, it is necessary to characterize, and preferably quantify, relations between
physical river conditions and ecological functions for each life stage.
The overall goal of this report is to map, describe, and analyze LYR substrates in order to
provide critical information for (a) microhabitat and mesohabitat studies, (b) landform and
dynamic geomorphic process studies (e.g., sediment entrainment thresholds and stage-dependent
patterns of scour, and (c) design of habitat rehabilitation projects. As the surficial layer of solid
material in a stream, substrate is an underlying factor in all river analyses, if not the focus. Along
with the hydrology of a watershed, substrate influences bed incision and sediment transport
within a river and the associated landscape evolution. Different aquatic species are affected by
these processes and depend on a balance of sediment supply and erosion of the river substrate as
it is a major part of their habitat. Substrate contributes to many river functions that are addressed
(some implicitly) in the LYR M&E Plan. Substrate plays a major factor in hydraulic roughness,
which in turn influences depth and velocity. River bed mobility and sediment transport depend
on the substrate sizes in a river and are in turn involved in morphodynamics and physical habitat
renewal. Substrate is also a major part of habitat suitability and habitat heterogeneity in a river,
as it provides micro- and meso-habitat requirements for submerged aquatic vegetation,
macroinvertebrates and fish, as well as satisfies the various habitat requirements of organisms’
different lifestages.
In order to achieve the resolution required to properly characterize the various attributes of a
river that substrate influences, a detailed survey of all substrate along the LYR was necessary.
Unfortunately, standard substrate measurement methods (e.g. pebble counting) are labor
intensive, slow, expensive, and prone to human error and bias. As an alternative, biologists
commonly perform visual substrate reconnaissance, because visual mapping can be used to
quickly characterize conditions throughout a long river segment. Visual mapping gets at the
surface pattern of the riverbed by mapping substrate by polygons with similar grain size
distributions. The solution is to create visual size classes for substrate that are significantly
different, and to provide observers with ample training to insure they recognize classes properly.
To complement the near-census redd surveys and geomorphic datasets, a visual approach
supported by a simplified substrate classification and robust uncertainty testing was chosen for
use in this study. A key feature of the RMT’s substrate classification is that it uses classes that
make sense for the observational conditions expected in light of the typical gravel/cobble-bed
particle size distributions and the associated anadromous salmonid substrate suitability
requirements
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Two-dimensional hydrodynamic modeling of the LYR was performed to yield a wetted area
boundary of the RMT’s designated bankfull inundation zone (5,000 cfs). Substrate surveys
consisted of the field crew scanning the subaqueous riverbed and terrestrial river corridor up to
the 5,000 cfs boundary using the same walking, snorkel, kayak, and motor boat reconnaissance
methods as used in several other protocols, such as the redd survey. The field crew surveyed
throughout 8 of the 9 reaches of the LYR; the Narrows reach was left out due to safety concerns.
When the field crew established the area of an individual facies polygon at the 0.1-1 channel
width spatial scale they mapped its boundary with a handheld Trimble GeoXT differential GPS.
Finally, they applied the RMT’s substrate classification to determine the percent of the riverbed
in the polygon that is composed of each size class, estimated and recorded to the nearest 10%.
For example, a polygon could theoretically have 10% Sand, 20% Medium Gravel/Small Cobble,
50% Cobble, and 20% Large Cobble, yielding the expected total of 100% (except where the bed
includes bedrock areas, such that the alluvial total percent could be < 100%).
After data collection was complete resulting polygons were merged in ArcGIS to form a
substrate distribution map of the bankfull wetted area. Because mapped polygons were not
“snapped” in situ along boundaries, a GIS workflow was used to fill in gaps and determine
average values in overlaps. The final substrate data products are 3x3 ft2 rasters of the abundance
to the nearest 10 % of each size class. In addition, a raster with the weighted mean grain size in
each cell was created.
Within the bankfull channel, cobble is the dominant size class (i.e., large cobble, cobble and
small cobble). The mean particle size for the entire bankfull segment is 97.4 mm. The mean
grain size raster shows a downstream decrease in particle size, as is typical for an alluvial river.
Analyzing the data at the reach scale revealed a very strong coefficient of determination between
weighed mean substrate size and bed slope at the reach scale. This finding is connected to the
downstream fining observed on the segment scale mean grain size map, as the slope of alluvial
rivers typically decreases downstream. The substrate distributions ranged from boulderdominated in the uppermost Englebright Dam reach to sand and fine gravel in the Marysville
reach furthest downstream. Analysis was also performed at the morphologic unit scale. The eight
in-channel bed MUs showed a strong correlation between weighted mean substrate size and
velocity. Most of the in-channel units (bed and bar) were primarily small cobble or medium
cobble sized (i.e. 32-90 mm and 90-128 mm, respectively).
The LYR substrate was also examined at the micro-habitat scale of redd locations from surveys
in 2009-2010 and 2010-2011. When calculating the median abundance of each substrate size
class from 2010-2011 substrate map data in each reach at redd locations, the particle size
distribution shifts dramatically from large to small sizes in the downstream direction (318 to 57
mm) for both redd survey years. Mean grain size at redds using the LYR substrate map data was
108-110 mm.
In conclusion, the substrate of the LYR was mapped and quantified at the segment, reach,
morphological unit, and microhabitat scales. Starting from 2D hydrodynamic model output of a
wetted area bounding the bankfull channel, substrate was mapped within the boundary as facies
using a refined visual classification method. Substrate conditions for the alluvial valley of the
LYR are sufficient for spawning habitat. The Englebright Dam reach is in need of habitat
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rehabilitation to support the spawners that head into its boulder/bedrock canyon. The Narrows
reach could also need attention, although it was not mapped for this study. Even though substrate
was mapped using a visual classification scheme and with coarse substrate bins, the substrate
analyses show meaningful relations that give confidence in the value of the data.
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Frequently Asked Questions
What is the Dmean of the LYR substrate?
97.4 mm (3.84 in). This is within the range that is considered as cobble (i.e. 90-128 mm).
However, the mean substrate size actually decreases in the downstream direction, from 298 mm
(boulder) in the Englebright Dam reach to 40 mm (medium gravel/small cobble) in the
Marysville reach.
Is the LYR sediment-deprived?
No, except for the canyon below Englebright Dam. Englebright dam blocks all sediment
transport from upstream, so the cobble, gravel and sand in the bedrock canyon just below the
dam has been washed out from mobilizing flows over time. Further downstream, it is a different
story. Although the river corridor has generally incised over the last 70 years, alluvial bedforms
have still persisted due to the vast quantities of hydraulic mining sediment that remains in the
valley preserved as terraces. The dynamic range of discharges that the LYR experiences erodes
the banks and transports the mixture of sand, gravel and cobble that continue to maintain the
natural landforms and processes in the alluvial reaches of the LYR.
Are spawning-suitable substrates abundant on the LYR?
Yes, except for in Englebright Dam reach. The Englebright Dam reach is deprived of sediment
transport because of the dam (though the dam also blocks far more undesirable sediment and
contaminants than it blocks desirable coarse spawning sediment), but there are plenty of
spawning-suitable substrate locations downstream. Pasternack et al. (2013) reported redd
occurrences in sediments in the gravel and cobble size class (i.e. 32-192 mm), which make up
55% of the substrate in the LYR. Redds were observed in every reach of the LYR, but most of
the spawning-suitable habitat exists in the alluvial valley.
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1. Introduction
The 2008 Yuba Accord aims to provide appropriate instream flows for the benefit of native
Chinook salmon, steelhead and other fish and wildlife on the lower Yuba River (LYR). To
achieve that, an understanding of the abundance, productivity, diversity, and spatial structure of
fish species in multiple riverine life stages is necessary. Such an understanding is to be
underpinned by extensive observational data that would ideally yield quantitative predictive tools
for the ecology of the river, including mechanistic linkages between flow, temperature, fluvial
geomorphology, and specific ecological attributes and functions.
The Monitoring and Evaluation (M&E) Plan for the LYR Accord uses the Viable Salmonid
Population (VSP) concept to assess the status of the river and assist with any eventual ecological
recovery planning, putting an emphasis on population-level measures of abundance,
productivity, diversity, and spatial structure. For each of those four topics, the M&E Plan
establishes performance indicators, identifies data requirements, defines analytical methods, and
examines relationships between the measure of VSP parameters and the controlling variables of
flow releases and water temperatures.
The spatial structure component of the M&E Plan addresses the geographic distribution of
salmonid populations and the processes and conditions that generate or affect that distribution.
At the finest spatial scale, there exist local physical conditions at a point that each species of
salmonid actively select to use in their different lifestages. These include local depth, velocity,
substrate, cover, and hyporheic parameters. Collectively, these are termed “microhabitat”
conditions. It is often possible to empirically relate ecological function to microhabitat variables
(Bovee, 1986) and thereby ascertain areal measures of quantity and quality of spatial structure.
However, using this approach provides a limited understanding of how and why physicalecological linkages are spatially and temporally related. The M&E Plan recognizes that the
processes creating microhabitat are dynamic and spatially diverse; to manage a river that changes
significantly every 3-10 years, it is not enough to create a static depiction of microhabitat
conditions. Consequently, “mesohabitat” is defined as the interdependent set of the same
physical variables over a discernible landform known as a morphological unit (e.g. pool, riffle, or
lateral bar) and associated with a specific magnitude of flow. Mesohabitats typically occur at a
spatial scale of ~0.5 to 10 times the length scale of channel width (W). This spatial scale directly
ties to the fluvial processes responsible for channel dynamics and thus enables a mechanistic
understanding of how fluvial dynamics drives spatial structure, which in turn affects salmonid
viability.
Fluvial processes that are important for the LYR are influenced by a suite of hydrogeomorphic
variables: channel topography, flows, substrate, and cover. Channel topography was mapped in
1999, representative of conditions after the 1997 rain-on-snow flood and before the late spring
flood of May 2005. It was mapped again 2006-2009, representative of conditions after the winter
of 2006 that had several floods (and going forward until an as of yet known future large flood).
Flows entering the LYR are monitored at gaging stations on the LYR near Smartsville and at
Marysville as well as on its tributary, Deer Creek, at Mooney Flat Road. That leaves substrate
and cover as important variables remaining to be addressed that are essential to the M&E Plan.
An important characteristic of the land surface, substrate needs to be accounted for to understand
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physical processes of channel morphology and ecological functions for salmonids and various
other instream species. Some substrate and cover information exists for some sites on the LYR,
but very little since the floods of 2006. As an additional motivation beyond the M&E Plan,
substrate and cover are important variables for the design and implementation of future habitat
rehabilitation projects.
The overall goal of this report is to map, describe, and analyze LYR substrates in order to
provide critical information for (a) microhabitat and mesohabitat studies, (b) landform and
dynamic geomorphic process studies (e.g., sediment entrainment thresholds and stage-dependent
patterns of scour, and (c) design of habitat rehabilitation projects. This report reiterates and
builds on the substrate mapping protocol produced by the RMT (Pasternack, 2010a), while also
taking advantage of lessons learned in producing reports about LYR landforms and habitats
(Wyrick and Pasternack, 2012; Pasternack et al., 2013).

2. Scientific Background
As the surficial layer of solid material in a stream, substrate is an underlying factor in all river
analyses, if not the focus. Along with the hydrology of a watershed, substrate influences bed
incision and sediment transport within a river and the associated landscape evolution. Different
aquatic species, such as salmonids, have evolved with these processes and depend on a balance
of sediment supply and erosion of the river substrate as it is a major component of their habitat.
Substrate contributes to hydraulic roughness (which in turn influences water depth and velocity),
riverbed mobility and sediment transport (which in turn are involved in several fluvial processes
and ecological functions), habitat suitability for submerged aquatic vegetation,
macroinvertebrates, and fish, and habitat heterogeneity for species diversity and species’ life
history diversity. These river functions are addressed (some implicitly) in the M&E Plan (see for
example sections 3.4.2.1, 3.4.2.2, 3.8.2.1, and 3.8.2.2 of the M&E Plan), and are discussed below
along with the substrate sampling and classification methods that capture the necessary
characteristics for the entire segment while remaining cost effective.
2.1. Hydraulic Roughness
Hydraulic roughness is defined as the frictional resistance water experiences when flowing over
a surface. Roughness values are dependent on the characteristics of the flow boundary (i.e. the
channel substrate), and are also primary parameters used in predicting water depths and
velocities (Abu-Aly, 2012). Understanding the persistence of morphologic units (White et al.,
2010) or the abundance and quality of salmonid habitat (Pasternack et al, 2013) requires depth
and velocity, and thus hydraulic roughness.
Water depth and velocity in a river can be predicted with different methods (Brown and
Pasternack, 2009). Common methods include analytical equations (e.g. Darcy-Weisbach,
Manning, or Chezy equations), 1D hydraulic numerical modeling (e.g. HEC-RAS or MIKE-11),
or 2D hydrodynamic numerical modeling (e.g. RIVER2D, FESWMS, or SRH-2D). All of these
methods require estimation of a hydraulic roughness parameter that influences how fast the water
is moving and the degree to which water is backwatered. This parameter accounts for sub-grid
scale topographic variability that is not explicitly included in the topographic representation in
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the equations (which can range from small bedform features to meanders), substrate conditions,
and cover.
There exist four common approaches to quantifying the hydraulic roughness parameter for a
channel. First, one may calibrate the value using a numerical model (or back-calculate it using an
analytical equation) based on observed depths and velocities. Calibrating is done by running the
numerical model over a range of roughness values and choosing the value that produces results
closest to the observed water surface elevations, depths and velocities. Second, one may compare
a study site against a library of photos and data of reference sites where the parameter has been
back calculated. Third, one may establish a base value for the channel based on a table of
reference conditions and then add extra quantities to the base value for each modifier (McCuen,
1989). Finally, one may ignore all influences except substrate size and apply the Strickler
equation, which states that the roughness is equivalent to the one-sixth power of the substrate
size that 90% of the sediment is smaller than (Chow, 1959).
Except for the use of Strickler’s equation, the methods described above only require a visual
characterization of substrate and cover conditions. Strickler’s equation would require measuring
particle size distributions explicitly. However, because that equation does not account for cover
and the other factors contributing to hydraulic roughness, it is not suitable for use on the LYR.
The RMT employed a refined calibration method utilizing expert-based experience to carefully
narrow the range of roughness values to check using small incremental steps and carefully
calibrate against observational water surface elevation data, and chose the best performer. This
was only applied to the non-vegetated areas.
In calibration, the selected roughness value can be highly unrealistic, but simply yields the best
match with real data. That is a well-understood deficiency of calibration as a scientific strategy.
Spatially-distributed roughness parameters in 2D models have been found to yield a significant
effect on 2D hydraulic model results, and thus new schemes are being developed to take
advantage of detailed, expansive remote sensing (and other mapping) data to provide improved
spatial characterization (Abu-Aly, 2012). Detailed substrate and cover characterizations should
lead to more accurate model results and better habitat prediction.
2.2. Bed Mobility
Riverine landforms change when the flow in a channel yields such hydraulics that the force per
unit area (“shear stress”, τb) on the land surface is sufficient to overcome the gravitational and
frictional resistance of the sedimentary particles there. The rate of particle entrainment into the
flow is proportional to the amount of shear stress that exceeds the critical threshold for initiating
particle motion, commonly called the “critical shear stress” (τc). This value is primarily a
function of the grain size of the particles on the riverbed’s surface that form the framework of the
bed, holding it together. Depending on the size distribution of the bed material, the framework
particle size can be the median size (D50) or the size that 90% of the particles are smaller than
(D90). Consequently, a common practice is to nondimensionalize values of shear stress by
particle size, yielding Shields stress, τ*. This variable is defined as:
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τ* =

τb
( ρs − ρw )gD

(1)

where ρs is sediment grain density and D50 is the representative bed surface grain size.
Based on a survey of studies of sediment transport and initiation of particle motion, Lisle et al.
(2000) characterized different regimes based on the range of values that τ* falls into. Values of
0.00 < τ* < 0.01 correspond with no transport; 0.01 < τ* < 0.03 indicates intermittent, localized
transport in response to infrequent turbulent bursts and/or bed vibrations; 0.03 < τ* < 0.06
corresponds with Wilcock et al.’s (1997) domain of “partial transport” in which grains move in
proportion to their relative exposure on the bed surface; 0.06 < τ* < 0.1 represents full transport
of a “carpet” of sediment 1-2 D90 thick; and τ* > 0.1 corresponds with channel-altering
conditions. The use of these regime classes helps reduce the impact of propagation of errors in
hydrodynamic prediction, as the classes are much broader than the precision and accuracy of the
predictions (see Pasternack et al. (2006) for evaluation of such propagation errors and validation
of 2D shear stress predictions for shallow gravel-bed rivers). The threshold values of τ* reported
above could shift down for very loose gravel beds and up for highly compacted and structured
gravel beds, but that affect has not been well characterized in the literature at this time. To
determine the sediment transport regime at a site for a given flow, it is necessary to quantify
particle size distributions at that location to obtain an estimate of D.
2.3. Habitat Substrate Suitability
River basins draining to the Pacific Ocean receive runs of anadromous Pacific salmonids that
have important freshwater lifestages. Each stage has specific substrate and cover requirements
that need to be met in order for reproduction to successfully yield healthy fry (Figure 1). For the
spawning stage, Kondolf (2000) cites a common rule of thumb for determining the suitable
substrate size of the bed surface to be ~10% of fish length. On the LYR, estimates of total length
of O. mykiss using a Vaki Riverwatcher yield a range of sizes from 8 to 30” (~200-760 mm),
yielding estimates of the suitable bed material size of 0.8- 3” (~20-76 mm). For Chinook salmon,
Moir and Pasternack (2010) found that redds were dug in coarser sediment (from 40 to 140 mm
in diameter), with the size related to the local velocity (Figure 2). Presumably high velocity and
shear stress combined with very loose sediment that has a low critical shear stress effectively
aids spawners with mobilizing the bed and clearing out an area for the egg pocket. A more recent
spawning study of the whole LYR (Pasternack et al., 2013) found the utilized substrate for
Chinook salmon spawning habitat to be within 32-195 mm.
Once spawning has occurred, the substrate must be highly porous to keep the incubating
embryos well oxygenated. A small amount of sand and pea gravel may help keep embryos from
flushing out of the bed, but too much can halt oxygen delivery to the embryos. Fry of both
species are reported to prefer larger gravel and cobble particles for use as cover and for ample
foraging for aquatic benthic macroinvertebrates, while parr and smolts prefer large cobbles and
boulders for the same purpose (Reiser and Bjornn, 1979).
Another way to view habitat suitability is to consider the different salmonid life stage
requirements of bed mobility (Escobar-Arias and Pasternack, 2009). Salmonids require riverbeds
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to be stable after spawning to maintain a secure egg pocket. During other times, salmon require
the riverbed to turn over and release fine sediments from the gravel that would otherwise limit
oxygen delivery to the embryos and inhibit emergence of hatched fry. This perspective links bed
mobility and ecological function (Table 1), leveraging the utility of substrate and cover data to
provide a dynamic and process-based aspect to habitat characterization. By calculating the time
series of bed shear stress at a location, it is possible to evaluate the suitability of the site for
adequate durations and frequencies of periods of bed preparation and bed occupation.
To evaluate habitat suitability, substrate information is commonly obtained through visual
classifications. This method is explained in detail in Section 2.6 below.

Figure 1. Kondolf’s (2000) flow chart showing gravel requirements of salmonids
during freshwater lifestages.
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Figure 2. Comparison of available versus utilized substrate-sizes for Chinook
salmon spawning illustrating the ability to spawn in larger material if the near-bed
velocity is higher (from Moir and Pasternack, 2010).
Table 1. Relations between salmonid life stage, ecological function, and bed
mobility.
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2.4. Habitat Heterogeneity
Habitat heterogeneity is defined as a naturally structured pattern of spatially distributed
environmental attributes. The concept of naturally structured differentiates it from randomness
and human-induced fragmentation. Spatially distributed means that different locations have
measurably different properties. Environmental attributes refers to physical and chemical
attributes that characterize “habitat”. Habitat heterogeneity occurs across all spatial scales, with
the ecological benefit scale- dependent. At microhabitat and mesohabitat scales (<10 W),
heterogeneity helps individual aquatic organisms meet their different lifestage needs. At the
reach scale (100-1000 W), it aids populations in expressing the full range of their phenotypic
behavior. At the catchment scale, it promotes biodiversity.
Throughout the literature on fluvial geomorphology and aquatic ecology it is widely reported
that habitat heterogeneity is an important attribute of natural rivers (NRC, 1992; Palmer et al.,
1997). In a review of 85 papers on habitat heterogeneity in terrestrial ecosystems from 19602003, Tews et al. (2004) found 85% reported a positive correlation between species diversity and
habitat heterogeneity. Meanwhile, declines in salmonid populations in many rivers of North
America and Europe have been partially attributed to elimination, degradation and
homogenization of physical habitat (Cowx and Welcomme, 1998; Hendry et al., 2003; Nehlsen
et al., 1991; Brown and Pasternack, 2008).
The M&E plan lists habitat heterogeneity (i.e. habitat complexity and diversity) as a priority
stressor. The M&E plan includes performance indicators and analytics related to habitat
heterogeneity at several spatial scales; any analysis that compares performance indicators at two
or more locations at any scale could yield an assessment of habitat heterogeneity at that scale.
Wyrick and Pasternack (2012) analyzed the existence of heterogeneity in the river’s landforms
and found that the LYR is very diverse. Patterns of substrate exist across all spatial scales and
they characterize physical habitat heterogeneity when linked with topography and flow. Visual
mapping of substrate is commonly used to characterize its spatial patterns for use in analysis of
habitat heterogeneity.

3. Study Area
3.1. Watershed Setting
The Yuba River is a tributary of the Feather River in north-central California that drains ~1340
mi2 of the western Sierra Nevada range (Figure 3). The ~25.2 mi section between Englebright
Dam and the Feather River confluence (near Marysville, California) is defined as the Lower
Yuba River (LYR) and is the study area for substrate mapping. Englebright Dam is the first
impassable barrier for migrating salmonids on the Yuba River. Daguerre Point Dam (DPD) is
located ~12 miles (19 km) downstream of Englebright Dam and is not considered a barrier to
fish migration due to the addition of two fish ladders. The study area encompasses all spawning
habitat accessible to anadromous and native fish, corresponding to the bankfull channel.
Hydraulic mining in the Sierra Nevada foothills during the mid to late 1800’s produced 1.1
billion cubic meters of sediment (Gilbert, 1917). Of that, Gilbert estimated 253 million cubic
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meters of sediment was deposited in the Lower Yuba River between 1853 and 1884. Most mines
in the Yuba Basin dumped sediment into steep, narrow canyons where it washed downstream to
alluvial fans and basins in the valley (James, 2009).
High sediment loads overwhelmed sediment transport capacities in channels and caused major
geomorphic changes in the Yuba River. Levees, channelization, bank stabilization and other
engineering efforts were used to limit sediment flux into the Feather and Sacramento rivers
which further contributed to changes in sedimentation and morphology in the LYR valley. Bed
aggradation in the Lower Yuba River ranged from 75 feet in narrow canyons near the fan apex to
about 15 feet near Marysville (James, 2009). Channel aggradation and exacerbated flooding
continued into the late nineteenth century and channel avulsions were extensive. Gilbert
documented degradation high in the sediment fan in the early twentieth century. At Parks Bar,
approximately 3 miles downstream of the Narrows where the Yuba leaves the canyons, Gilbert
noted ongoing aggradation and spreading of gravel onto the floodplain in 1905. When incision
began in the following decade it was confined to the low flow channel, leaving large amounts of
floodplain sediment in storage (James, 2009). Construction of the Englebright Dam in 1941
stopped further transport of hydraulic mining sediment to the LYR valley.
Pasternack (2008) estimated that 15.6 million yd3 of sediment is stored in Timbuctoo Bend alone
at this time. That mixture is still preserved in the whole valley as alluvial terraces (Figure 4) on
the hillsides that exist as remnant deposits and in the sediments underlying the river bed that
become exposed (Figure 5) as the river valley incises in the absence of sediment transport past
Englebright Dam. Examination of these deposits revealed that they are composed of a mixture of
loose cobble, gravel, and sand, with a much smaller amount of silt and clay (Pasternack, 2008).
Boulders are found in the river primarily along the banks where bedrock has broken off the
hillside and tumbled down into the channel. Approximately 3 miles downstream of Parks Bar,
the Yuba River flows into a 7.5 mile stretch dominated by extensive dredge spoils of the Yuba
Gold Fields, piled in gravel ridges 23 to 65 feet high on both sides of the channel which provide
additional material to the river. In short, the source of bed material for the river is a relatively
homogenized mixture of sand, gravel, and cobble that is being exhumed from the river corridor
by the flows coming out of and over Englebright Dam.
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Figure 3. The Lower Yuba River study area.

Figure 4. Photo of a cutbank in Timbuctoo Bend at Blue Point Mine that exposes
the internal structure of hydraulic mining debris filling the confined valley. Sand,
gravel, and cobble are all visible in the photo.
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Figure 5. Photo of the LYR floodplain upstream of the Highway 20 bridge after the
May 2005 flood showing the typical mixture of sand, gravel and cobble present on
the surface after a flood exposes underlying material and redistributes sediment.
The pattern of substrate can be patchy at the 1-5 m scale.
3.2. Hydrology
The montane-Mediterranean climate of the LYR is characterized by cool, wet winters and hot,
dry summers (Storer et al., 2004). Almost all precipitation occurs from October through April,
with a temperature dependent snowline. Snow pack accumulates through the winter at high
elevations. Heavy flooding can occur in the winter when weather systems driven by the Pacific
Ocean El Nino Southern Oscillation produce warm rain-on-snow events. Spring runoff is
dominated by snowmelt April-June as temperatures warm. Drought conditions prevail MaySeptember with occasional convective thunderstorms at high elevations. Annual precipitation
ranges from > 1500 mm in the Sierra Nevada to ~500mm at Marysville (Curtis et al., 2005).
Despite flow regulation, the LYR still experiences a dynamic winter storm and spring snowmelt
regime. Flows that regularly overtop the Englebright Dam combined with the tributaries of Dry
Creek and Deer Creek create flood conditions in the LYR that inundate much of the valley floor.
Within the LYR, discharge measurements are estimated from a suite of USGS flow gages,
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namely Smartsville (#11419000) near Englebright Dam, Marysville (#11421000) near the
mouth, and along one of its main tributaries in Deer Creek (#11418500).
Hydrologic analyses show that during September through December flows range from 500-1500
cfs (~0.1-0.3 times bankfull). This also corresponds to the period when flow and channel form
produce mesohabitat conditions suitable for spring run Chinook (Oncorhynchus tshawytscha)
adult spawning. Based on mean fall low flows, the baseflow regime for the LYR was therefore
selected to be the condition with a Smartsville discharge of 880 cfs, no discharge out of Deer
Creek (whose outflow tends to be 0-5 cfs in the absence of rain or upstream reservoir
maintenance), no discharge out of Dry Creek (whose outflow tends to be 0-5 cfs in the absence
of rain or upstream reservoir maintenance), and an agricultural withdrawal of 350 cfs of water at
Daguerre Point Dam (DPD), yielding a Marysville gage flow of 530 cfs. Because of this
withdrawal, it is appropriate to use a paired discharge regime (i.e., combining model results for
880 cfs above DPD with 530 cfs results below DPD) as the basis for a baseflow inundation zone,
instead of using a theoretical constant discharge for the whole river.
The term “bankfull” is designated as the topographic elevation over which incipient flooding
occurs. Bankfull discharge is an important concept in fluvial geomorphology because it is
inherently associated with the formation and maintenance mechanisms of the channel (Dunne
and Leopold, 1978). For natural rivers in temperate climates, the bankfull discharge typically has
a recurrence interval of ~1.5-2 years (or, ~50-67% chance of occurring each year).
Using the 1971-2004 (i.e. post-Englebright construction) log-transformed annual peak daily
discharge series, the statistically calculated flow with a 1.5-year recurrence interval is 5,600 cfs
(Sawyer et al., 2010). Meanwhile, geometric slope break indicators for some streambanks and
most swales on the floodplain inundate at a lower flow of ~3,000 cfs. The medial bar at the apex
of Timbuctoo Bend overflows at ~5,000 cfs. Therefore, although bankfull discharge is a useful
concept, it is highly uncertain on a dynamic river at the transition between meandering and
braided, as the LYR is (Wyrick and Pasternack, 2012). Therefore, for modeling and analysis
purposes, the bankfull discharge was estimated as 5,000 cfs (Wyrick and Pasternack, 2012). The
return period of the LYR bankfull discharge is ~1.25 years, which is more frequent than other
similar rivers. The implication of this is that the channel is likely undersized and flows spill onto
the floodplain more often than expected. For the purposes of this study, the resulting wetted area
from modeling the LYR bankfull discharge of 5,000 cfs was used as the boundary for the
substrate visual classification surveys.
3.3. Physical Delineations
Spatial analysis of rivers may be stratified according to patterns that are arranged longitudinally
and laterally relative to the flow direction in a river. Longitudinally discrete landforms are
delineated using unique factors at five spatial scales (Figure 6). Laterally discrete landforms in a
river corridor are arrayed transverse to the flow direction and relate to the hydrologic regime
necessary to inundate different topographic levels (Figure 7). These landforms are also known as
inundation zones and they may transcend longitudinal divides or be nested within them.
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Figure 6. Longitudinally discrete spatial scales and the factors used to delineate
landforms at each scale.

Figure 7. Example map and definitions of laterally discrete landforms running the
length of a river reach or segment corridor, also known as inundation zones. The
image shows a section of the LYR that does not include a flood fringe zone.
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3.3.1. LYR reaches
The ~25-mi LYR segment was previously delineated into eight geomorphically defined reaches
by Wyrick and Pasternack (2012) (Figure 8). Tributary junctions form the upstream boundary of
two reaches (Narrows and Dry Creek) and dams bound two more reaches (Englebright and
Daguerre Point Dam). The other reach boundaries are formed by hydro- geomorphic variables:
onset of emergent floodplain gravel (Timbuctoo Bend); transition from confined bedrock valley
to wider, meandering system (Parks Bar); and decreases in bed channel slope (Hallwood and
Marysville).

Figure 8. Lower Yuba River geomorphic reach delineations. The gap between
Englebright and Timbuctoo is the Narrrows reach not surveyed in this study.
3.3.2. LYR Morphological Units
Each inundation zone has a characteristic set of landforms at 0.5-10 channel-width scale, termed
morphological units (MU) (Wyrick and Pasternack, 2012). MUs are topographic features defined
to be independent of flow - if there was no water present at all, one could see the MUs (Wyrick
and Pasternack, 2012). This is in contrast to the concept of mesohabitat, which is flow
dependent. Wyrick and Pasternack (2012) delineated 31 total MU types within the LYR.
Baseflow MUs (i.e. in-channel bed MUs) consist of chute, run, riffle, riffle transition, fast glide,
slow glide, slackwater, and pool/forced pool. Bankfull MUs (i.e. in-channel bar MUs) include
swale, man-made structures (not used in this study), and three types of alluvial bars (lateral,
medial, and point). Incidentally, some substrate data were collected for overbank MUs, but
because these units were not comprehensively assessed or sampled with a robust experimental
design, these data are not presented or analyzed in this report.
3.4. Past LYR Substrate Classification and Methods
The USFWS previously collected substrate and cover data on the LYR in support of microhabitat
assessments using its own visual classifications. Ten spawning sites were surveyed during March
2002 to November 2003 and an additional eight sites in different mesohabitat types were
surveyed during December 2003 to April 2007. At each site, substrate was visually classified
(Table 2) for the entrance and exit cross-sections as well as at an unspecified number of locations
between the two deemed sufficient to characterize each site. Underwater video was used to see
submerged substrate conditions in depths > ~10 ft. A focused study was also done at two of the
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initial ten sites to compare the relative utility of polygon-based mapping of sedimentary “facies”
versus point and transect based sampling. The facies are defined as areas of sediment
recognizably different from adjacent sediment deposited in a different depositional context. This
analysis found that both yielded similar substrate characterizations.
Table 2. USFWS substrate descriptors and particle sizes.

During 2004-2007, the Pasternack research group at UC Davis conducted various focused
studies of sedimentary conditions in the Timbuctoo Bend and Englebright Dam reaches (Figure
8) to answer specific habitat and fluvial-process questions (Pasternack, 2008). The majority of
the work involved quantitative pebble counts, described in Section 2.5 of this report, using a
gravelometer template (Wolman, 1954). For the Englebright Dam reach, a single set of five
pebble counts was conducted in September 2007, due to the widespread presence of bedrock and
limited availability of any alluvium. The median grain size in Englebright Dam reach was found
to be 143.6 mm, with a D16 of 42.8 mm and a D90 of 395.7 mm (where the subscript denotes the
percent of particles smaller than). For the Timbuctoo Bend reach, a longitudinal survey of pebble
counts was done at the water’s edge adjacent to each riffle and pool. The median size of the
dataset was 54.9 mm, with a D16 of 22.9 and a D90 of 163 mm (Figure 9, left). No statistically
significant longitudinal trend was found nor any difference between sediment flanking riffles
versus pools. Overall, substrate in the Englebright Dam reach is ~2-3 times coarser than that in
Timbuctoo Bend reach.
Intensive site-based work was also done at the riffle that is at the apex of Timbuctoo Bend (also
known as the “UC Picnic” site in some past, non-RMT reports). In 2004 and 2005, polygonbased visual classification of substrate was done there in support of 2D modeling and
microhabitat characterization. In 2004, forty-four Wolman pebble counts were done on the
channel banks, wadable bed, and on the medial bar there. For this 2004 set of pebble counts, the
median particle size was 62.1 mm, the D16 was 35.1 mm, the D84 was 105.8 mm, and the D90 was
122.7 mm. In September to November 2005 (after the May 2005 flood), depth, velocity, and
Wolman pebble counts were characterized at 104 redds concurrently with Chinook salmon
spawning activity. In this case, the sediment investigated was the fish-mobilized material in the
redd itself. The median grain size of this sediment varied from 29.2-79.9 mm (mean = 49.2 mm).
[14]

In summer 2006 (after the New Year’s 2006 flood) 81 Wolman pebble counts were done on the
same riffle at the TBAR site, but prior to spawning to characterize “available” substrates. The
median grain size of this available sediment varied from 45.3-119.4 (mean = 71.6 mm). Figure 9
compares the raw data points from 2005 utilized versus 2006 available, showing a strong
preference interdependent with water velocity. In summer 2007, nine pebble counts were
performed on riffle crests exhibiting knickpoint migration at the TBAR site as well as at a riffle
downstream, referred to as the Parks Bar Riffle (Wyrick and Pasternack, 2007). The median size
observed at the three knickpoint locations was 79.9 mm and the D90 was 179.1 mm (Figure 9), so
somewhat coarser than elsewhere in the TBAR but expected due to the nature of the highvelocity chutes studied at these sites. These knickpoint-scale surveys also revealed grain size
differences between the flanks and just upstream of the knickpoints themselves, namely that the
chutes exhibited the highest grain sizes and the flanks the smallest.

Figure 9. Cumulative substrate grain size distributions showing key metrics for
the longitudinal survey of TBR (left) and the riffle knickpoint survey (right).

4. Methods
The overall methodology for mapping and analyzing the substrate of the lower Yuba River
involved application of a “near-census” approach. “Near-census” is when one aims to map a
geographic domain in its entirety and in detail as in a full census, but recognizes that there
always exist finer details that are not scrutinized or small areas that are missed by accident.
Instead of assuming one has achieved a complete census, the term near-census is used to provide
a realistic characterization of what was done. A near-census approach entails obtaining a
complete map of a variable in a geographic region and then stratifying the data at different
spatial scales to obtain scale-dependent answers to key questions related to systemic
functionality. For this study, the explanation of methods is separated into a description of
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substrate mapping concepts and procedures and then methods for processing and analyzing the
data to arrive at novel scientific and management conclusions.
4.1. LYR Substrate Mapping Concepts and Procedures
To understand and appreciate the approach to classifying and mapping substrate in this study, it
is necessary to first provide some background on the two main approaches used to characterize
substrate – traditional measurement of individual grains and visual classification. Once it is clear
why the RMT chose visual classification for this study, then it is necessary to explain the
particular classification scheme used compared to the pre-existing ones, which are generally
based on the Wentworth scale. The approach for implementing the methodology are explained in
terms of figuring out the area to be mapped with the help of 2D hydrodynamic modeling and the
operational protocol used on the river by the field crew.
4.1.1. Traditional Sedimentary Grain Size Measurement
Bunte and Abt (2001) provided a robust catalog of quantitative methodologies for field-sampling
substrate in streams, using both surface and volumetric methods. Pebble counts, grid, and areal
sampling are all surface sampling methods. Pebble counts consists of selecting and hand-picking
a preset number of surface particles at even-spaced increments along transects that may be
parallel and span a relatively large sampling area (100 m2). In a grid count, the observer selects
particles at even-spaced grid points that span a relatively small sampling area (1-10 m2), hand
picking particles or measuring grain sizes on photographs. Areal sampling includes all particles
within a preset area (0.1-1 m2) by hand picking or using adhesives to make sure small particles
are counted. Volumetric samples extract a predefined volume or mass from the bed and may be
taken from the different layers underlying the surface. The surface sediment, which has twodimensional properties, cannot be sampled volumetrically. With each method, particle sizes are
recorded to generate a particle size distribution for the area of interest.
The standard substrate measurement methods explained by Bunte and Abt (2001) are generally
high quality approaches, but unfortunately they are labor intensive, slow, expensive, and can be
prone to human error and bias, especially when personnel are inexperienced or poorly trained.
The labor and cost associated with manual quantification of grain size distributions are
prohibitive; it is more than ten times the labor cost of topographic measurement. As a result,
these methods are not viable for near-census scientific inquiry over large spatial extents simply
due to their inefficiency and time. Scientists are rapidly developing new methods for remote
sensing of grain size, but so far those require subaerial surfaces, not subaqueous ones.
Eventually, solutions will be found, but they are not yet available to us for this study.
4.1.2. Visual Substrate Mapping Classification Systems
Visual mapping classifications serve an important role in river management. Many analytics
require spatially distributed substrate and cover information. Visual mapping can quickly
characterize conditions throughout a long river segment. Unfortunately, visual classifications
often introduce significant observer bias, compromising data quality. Psychological studies show
that people can effectively differentiate very different things, but when they are similar then
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observer bias takes over decision making and causes people to exaggerate differences. The
solution is to create visual classes that are significantly different and give observers ample
training. All of the specific needs of substrate and cover maps described in section 2 above can
be achieved with a robust visual classification approach.
4.1.2.1.

Limitations of Visual Substrate Classifications

A key finding from all of the pebble counts done in TBR 2004-2007 is that the median grain size
of the available bed material (e.g. 54.9, 62.1, and 71.6 mm) is close to the 64 mm threshold
commonly used to differentiate gravel from cobble according to the Wentworth scale. For
example, according to Figure 9, 68% of locations have a median size between ~40-75 mm.
Compounding the problem, each site’s grain size distribution has long tails. For example, Figure
9 also shows that only 55% of the particle sizes at a site are within 20-80 mm. That means that
almost half of the material is quite different in size than what the median size represents.
Marcus et al. (1995) evaluated observer bias in doing Wolman pebble counts and found two
major sources of bias. The first is measurement error using a ruler to determine the size of a
grain’s intermediate (“b”) axis. It turns out that some people tend to systematically overestimate
size, while others systematically underestimate it, regardless of the perception that a ruler is an
objective measurement tool. One can imagine that eliminating the use of a ruler would yield even
stronger biases in size estimation. The second source of error is in particle selection off the bed,
even when being done blindly, using only a single finger to select a particle off the bed. As with
visual size determination, visual selection of the sample yields even stronger biases between
observers that reported by Marcus et al. (1995) for the systematic Wolman method.
When using visual classifications, field crews usually must either (a) decide that the bed is de
facto gravel or cobble or (b) estimate the percent of the bed that is in each of those classes.
According to Table 2, USFWS field crews had to go further into picking among 4 classes of
gravel and 6 classes of cobble, and in some cases based only on a few seconds of underwater
video of part of the bed. It is well know that people tend to have a strong bias against small
particle sizes and thus tend to systematically overvalue large particles and overestimate
substrate size metrics (Bunte and Abt, 2001).
Figure 10 overlays a common visual substrate classification scheme based on the Wentworth size
scale onto the probability distribution function of the 2006 TBR longitudinal survey. The
threshold of 64 mm is coarser than the median size, but it is not as coarse as the most abundant
size class, which was 64-90.5 mm. This arbitrary threshold established by Wentworth simply on
the basis of powers of 2 does a poor job of delineating common sediment assemblages in
gravel/cobble rivers and it also does not represent a biologically significant value.
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Figure 10. Probability distribution function of data plotted in Figure 9 (left), but
with size-class overlays of the Wentworth scale (left) and a new scheme
described in section 4.1.2.2 below (right).
A widespread statistical approach used in water resources management in California is to break
the amount of a variable (such as annual catchment water yield according to very dry, dry,
average, wet, and very wet) into classes of equal percent of the distribution, usually in 20%
increments. On this basis, the five equal classes would be <27, 27-48, 48-68, 68-108, and >108
mm. While appropriately providing equal weight to the different size fraction, this scheme
suffers the same problems as the Wentworth scale in terms of difficulty of visual differentiation
and lack of biological significance. Another approach would be to use the statistical approach of
differentiating by numbers of standard deviations. A size class encompassing one standard
deviation about the mean would account for 68% of the size range of the material (i.e. spanning
the D16 to the D84). For the case of the 2006 TBR longitudinal survey data, that would mean a
class of 23-163 mm. The next set of classes according to this scheme would extend to 2 standard
deviations from the mean (7-23 mm and 163-206 mm). Overall, the classes could be <7, 7-23,
23-163, 163-206, and >206 mm. This approach has merit in that all of the classes would be easy
to visually identify, but unfortunately most of the thresholds do not correspond with the substrate
suitability values identified above in section 2.3 (20, 40, 76, 90, and 140 mm).
4.1.2.2.

Reconciled Substrate Classification

Ideally, a visual substrate mapping classification would involve classes that are visually distinct
and biologically significant. However, the above analysis shows that these two criteria cannot be
perfectly aligned. The following classification (Table 3) reconciles the two as best as possible,
placing the higher priority on visual differentiation (also see Figure 10).
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Table 3. New substrate classification that links statistical properties of LYR bed
material grain size distributions and physical habitat suitability.
Class
Bedrock
Boulder Field*

Large Cobble

Cobble
Medium Gravel/Small
Cobble
Fine Gravel
Sand
Silt/Clay

Particle Size
Range (mm)
No alluvium
D>256

Habitat suitability

Periphyton only
Chinook salmon and steelhead
trout fry, parr, and smolt cover and
foraging
**128<D<256 Chinook salmon and steelhead
trout fry and parr cover and
foraging
90<D< 128** Chinook salmon spawning,
embryo incubation, and fry cover
Chinook salmon and steelhead
32<D<90
trout spawning, embryo
incubation, and fry cover
2<D<32
Steelhead trout spawning and
embryo incubation
0.0625<D<2
D<0.0625
SAV

*The boulder field designation is not intended for individual boulders, but for (a) boulders arrayed as a step or (b) a
large, plane-bedded area of boulders.
**Following the procedure described in section 4.1.3, if field crews could not distinguish the cobble and large
cobble classes in a test, then the threshold between the classes would have been shifted from 128 to 140 mm and
another test done to see if this was more effective. However, the 128 threshold worked well for the field crew.

4.1.3. Personnel Training and Testing
A special training exercise was required for crewmembers to accurately classify substrate types
in the field using the protocol presented above. Pasternack (2010) included quantitative testing of
performance of 6 field crewmembers in visual classification by comparing observer results
against known size distributions of 14 different substrate samples. Two tests were used. First,
personnel were tested on their ability to correctly identify the presence of size classes, which is
an easier metric to achieve. The resulting performance indicator was the error percent in
presence/absence for each person. Second, personnel were tested on their ability to correctly
quantify the abundance of material in each size class to the nearest 10%, which is a more
difficult metric to achieve. The resulting performance indicator was the error percent in
abundance estimate.
The results of personnel testing were quite good. Presence/absence performance was perfect for
two people, 2-4 % error for two people, 13 % error for one person, and 33 % error for one
person. The worst performing person for this easier test was excluded from substrate mapping in
the river. Of the remaining 5 people tested, abundance quantification performance was 1 % error
for one person, 7-12 % error for three people, and 33 % error for one person. In this case, the
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worst performing person was given additional training on size identification, tested again, and
then allowed to participate in mapping. After reviewing their performance, all crew members retook the test informally to talk over what they were doing and firm up their abilities. Also, the
whole crew participated in a field trip to discuss mapping at a site on the river to address issues
evident in the field, but not in the simulated test in the laboratory.
An analysis of the samples found that the ones that were the easiest to quantify were unimodal
and bimodal, while those most difficult to quantify had nearly equal amounts of each size class.
This confirms the psychological studies of human behavior that report that when confronted with
well-mixed groups, humans have a more difficult time quantifying abundances of subgroups.
Overall, these test results show that people can identify the presence of size classes exceptionally
well and can quantify the abundance of each size class to the nearest 10% well. For example,
crew members correctly identified the presence/absence of classes in Sample C 95% of the time
and the abundance of each class 75% of the time, equivalent to correctly characterizing the
sample 85% of the time. Sample C was a cobble (C) type with a maximum abundance of 60%. It
was made up of 60% cobble, 20% small cobble (SC)/medium gravel (MG) and 20% fine gravel
(FG).
4.1.4. 2D Hydrodynamic Modeling of Channel Regions
A key need for this substrate study was to determine the spatial extent of the area to be mapped.
Wyrick and Pasternack (2012) explained that the river corridor for the LYR can be broken up
into different valley regions on the basis of inundation levels. Conceptually, these include the inchannel bed (i.e. baseflow inundation), in-channel bar (i.e. baseflow to bankfull flow inundation
zone), floodway (overbank inundation filling the floodplain), and valley/terraces (overbank area
inundated outside the floodway) (Figure 7). Thus, it was necessary to determine the extent to be
covered by the substrate map. Through several discussions, the RMT decided to directly map the
in-channel bed and bar regions, and then estimate substrate metrics for the overbank regions. As
explained in section 3.2, the RMT’s boundary for the channel is defined as the water’s edge at
5,000 cfs (Wyrick and Pasternack, 2012).
To determine the location of the channel boundary, two-dimensional hydrodynamic (2D)
modeling of the LYR segment was done using the Surface-water Modeling System v.10.0
(Aquaveo, LLC, Provo, UT) graphical user interface and the numerical code of Sedimentation
and River Hydraulics (SRH-2D, v. 2.1) according to the procedures of Pasternack (2011). SRH2D is a 2D finite-volume model that solves fluid mechanics equations to produce an estimate for
depth and velocity at each computational node (Lai, 2008). SRH-2D implements a hybrid
structured-unstructured mesh that can use both quadrilateral and triangular elements of any size
allowing for mesh detail comparable to any finite-element model. Detailed explanations of the
LYR 2D model are available in Barker (2011), Abu-Aly (2012), and Pasternack et al. (2013).
The model was run for a wide range of discharges (ranging from 300 cfs to 110,400 cfs) for the
full segment, except for the Englebright Dam reach in which the lowest modeled flow was 700
cfs due to limitations with the rating curve, and the Narrows reach for which there is no
topographic data at this time due to the hazard there. The relevant flows for this study, however,
are those that bound the inundation zones of baseflow (up to 880 Smartsville gage and 530 cfs on
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the Marysville gage), bankfull (880/530 to 5000 cfs on both gages), and floodway (5000 – 21100
cfs on both gages). Note that the river was run at all flows first without considering any impact
of vegetation on hydraulics and then accounting for it explicitly (Abu-Aly, 2012; Pasternack et
al., 2013).
SRH-2D models for the LYR produce point outputs. The variables that are provided include
water surface elevation, depth, velocity magnitude, velocity x- and y- components, Froude
number, and shear stress. Point outputs were converted to triangulated irregular networks (TINs)
and then rasters with 3x3 ft2 square cells using ArcGIS v.10.0 (ESRI, Redlands, CA). A wetted
area boundary shapefile was created from those raster pixels with a depth value greater than zero.
The boundary was then used to clip all other hydraulic (and habitat, substrate, etc.) rasters to the
water’s edge. The basis for this approach and the specific workflow is explained in Pasternack
(2011).
4.1.5. RMT Substrate Observation Procedures
The RMT set the basic unit of riverbed area to map as a 5 x 5 m2 area as compromise between
spatial coverage, sufficient detail for the objectives of a substrate map explained in section 2,
reasonable time to accomplish the task, and reasonable financial cost relative to the suite of RMT
research goals under the Yuba Accord. However, if a substrate polygon had more than one class
present in it with an area > 10%, then the minimum polygon size was 10 x 10 m2. These sizes are
consistent with the idea of a near-census providing complete coverage of riverbed sedimentary
facies and in fairly high detail, but still with a finer scale that simply cannot be represented
comprehensively with current technology.
The modeled wetted area boundary for 5,000 cfs (unvegetated) was uploaded into handheld
Trimble GeoXT differential GPS units and used by the field crew to stay within the extent of the
substrate survey. Surveys consisted of the field crew scanning the subaqueous riverbed and
terrestrial river corridor up to the 5,000 cfs boundary using the same walking, snorkel, kayak,
and motor boat reconnaissance methods as used in several other protocols, such as the redd
survey. The field crew surveyed throughout seven of the eight reaches of the LYR; the Narrows
reach was left out due to lack of accessibility and safety concerns. When the field crew
established the area of an individual facies polygon with an area > 5x5 or 10x10 m2, they
mapped its boundary and confirmed the size with a handheld Trimble GeoXT differential GPS.
Finally, they applied the RMT’s substrate classification (Table 3) to identify the substrate size
classes present and the abundance of each class to the nearest 10%.
The majority of the LYR was mapped in summer and fall 2010. After a preliminary analysis of
the data was done, some gaps were filled in with another field survey during summer 2011. Deep
water substrate mapping was performed using a video camera system in fall 2011 at the same
time as the deep water redd surveys were conducted.
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4.2. Statistical Analyses
4.2.1. GIS-based Data Processing
After data collection was completed, the raw data consisted of a set of polygons each containing
the % abundance of each size class. Resulting polygons were merged in ArcGIS to form a single
polygon file with all the data within the LYR bankfull wetted area. Because mapped polygons
could not be “snapped” along boundaries in the field, a GIS-based workflow was developed to
fill in gaps where there were no polygons and determine average values in areas where polygons
overlapped. First, a uniform point grid was made with a 3-ft spacing between points. Then the
percent abundance for each size class was assigned to each point using a spatial join. For points
in two or more overlapping polygons, the average percent abundance was computed and
assigned. For points outside polygons (but still within the 5000 cfs mapping boundary), the
percent abundance of each size class from the nearest polygon was assigned. The point set for
each size class was then converted to a TIN digital surface model with the percent abundance of
a size class as the vertical dimension. Finally, each TIN was converted into a 3x3 ft2 raster. At
this point there were seven 3-ft resolution raster maps (one for each size class) with the raster
pixel value consisting of the percent abundance of the size class in that cell to the nearest 10%.
Using the seven size class abundance rasters, a weighted mean grain size (Dmean) raster was
computed according to the function (applied to each pixel in the raster):
7
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where i denotes one of the seven size classes, fi is the fractional abundance of the ith size class in
a raster cell, and Di is the size class midpoint size for the ith class (Table 4). Normally the sum of
fi is 1.0, meaning that the riverbed is composed of 100% alluvial sediment, but in the case that
the riverbed included bedrock, the sum could be < 1.0. The overall workflow for processing inchannel substrate data is illustrated in Figure 11.
An alternate substrate metric, median abundance of each size class to the nearest 10%, was
developed to help quantify, understand, and illustrate the amount of each size class. Recall that
there is an abundance raster for each size class, with cell values in 10% increments. Instead of
averaging across all size class rasters as done in Equation (2), an alternate approach is to average
within each raster. However, instead of calculating the mean value for a raster, it was decided to
use the median value, because this is a more appropriate representation of central tendency of a
probability distribution, because the data are not necessarily symmetrically distributed. The mean
is really intended as a metric for symmetrically distributed data. Rather than comprehensively
testing each raster for its central tendency, it made more sense to compute the median value.
Consequently, the median value of each size class raster was computed and then the distribution
of median values across all size classes represents a grain size distribution. Note that the
distribution does not have to sum to 100%, because each raster is independent, especially if there
is a sizable portion of a raster containing bedrock. Therefore, some analyses presented in this
report do not sum to 100% and others are re-normalized to a 100% basis.
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For the terrestrial river corridor outside the 5,000 cfs wetted area, no field-based mapping was
performed, so representative particle sizes had to be extrapolated from the available data in order
to characterize the entire river valley (Figure 12). Conceptually, it was decided that the best
estimate of overbank sediments would be obtained by segregating the overbank region into
vegetated and unvegetated area, because vegetated areas are observed to collect finer sediment.
First, the in-channel bar inundation zone was isolated as a polygon. Next, this area was
segregated into vegetated and unvegetated multi-part polygons on the basis of a vegetation
presence/absence raster. This raster was derived from the available LiDAR data of first and last
returns downstream of the Highway 20 bridge (WSI, 2010; Abu-Aly, 2012) and manual
digitization of vegetation upstream of it using 2-ft resolution aerial imagery. Finally, the average
Dmean was computed from the data for the segregated vegetated and unvegetated areas. In short,
the mean Dmean substrate size in the floodway and outer valley regions was assigned one of two
constant values, depending on whether the land was vegetated or not in each 3 x 3 ft2 cell. The
resulting raster can be used to compute shear stress and sediment transport outside the bankfull
channel for other applications, but it cannot be used to explore spatial patterns of substrate in the
overbank regions.
Table 4. Mid-point particle size values for each substrate size class.
Class
Boulder

Size Range (mm)

mid-point (mm)

D>256

n/a

Large Cobble

128<D<256

192

Cobble

90<D< 128

109

Med. Gravel/S.Cobble

32<D<90

61

Fine Gravel

2<D<32

17

0.0625<D<2

1.03125

D<0.0625

n/a

Sand
Silt/Clay
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Figure 11. GIS Workflow showing overlapping survey data polygons and model
output boundary for 5000 cfs, the resulting merged dataset in point grid format,
occurrence rasters for each size class, and the resulting Dmean raster. The
example site is 600 feet long.

Figure 12. GIS Workflow showing Bankfull Dmean raster with in-channel bar area,
vegetation classification separated by in-channel bar and overbank regions, and
resulting valley Dmean raster that includes floodplain substrate values for
vegetated and unvegetated areas, (the channel is 400 feet long).
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4.2.2. Spatially Stratified Substrate Analysis
Statistical analyses of substrate data were performed at four spatial scales: segment, reach,
morphologic unit, and micro habitat (considering only redd points as explained below). The
segment scale mean grain size in the channel was computed as the mean value of the entire
Dmean raster. The grain size distribution was compiled from the median percentages of each size
class across the entire segment. For example, the fraction of grains in the cobble size class for the
whole segment is represented by the median percentage occurrence of cobble in all cells within
the segment. To generate reach statistics, the substrate mean grain size and size class rasters of
the LYR were dissected by the reach breaks delineated by Wyrick and Pasternack (2012) (Figure
8). Reach mean grain size and median size class distributions were generated from the substrate
rasters following the same methods used at the segment scale, but for each reach area. The same
procedure used for the segment and reach-scale substrate analyses was performed for each MU
type found in the bankfull channel. For example, substrate statistics in pool units were calculated
by intersecting the substrate maps with the pool unit polygons previously delineated by Wyrick
and Pasternack (2012). The mean grain sizes in all cells within pool units were averaged to get a
mean pool grain size and median percentages of each size class were computed from all cells
within pool units. The bank and hillside/bedrock units may extend into the bankfull zone, but
primarily exist above the bankfull wetted area and were therefore excluded from the analyses of
the set of in-channel MUs.
Two separate redds surveys were conducted in 2009-2010 and 2010-2011 for the LYR. These
surveys recorded the location of redds as well as individual grain size distributions within a 1x1
m2 patch of undisturbed substrate immediately upstream of each redd. Dominant/sub-dominant
substrate class estimation was used up until early March 2010. From then on, the method of
visually estimating the percent (to the nearest 10%) of each substrate class size was used.
Because the substrate surveys were conducted using the latter visual estimation method, the
observed substrate from the 2009-2010 redds surveys was not included in the analyses of this
study. Only the 2009-2010 redd locations were used. Substrate class distributions were
interpolated from the individual class maps to both 2009-2010 and 2010-2011 spawning survey
redd points. Mean diameter was calculated for redds at the reach scale as well as for the whole
LYR segment. This process was then repeated with the native substrate data in the 2010-2011
redd point files. Redd data from both surveys within the Narrows reach were excluded because
there are no substrate data there. The results from the substrate rasters and the native redd
substrate were then compared to determine a representative grain size for spawning habitat on
the LYR. The segment-averaged representative grain size was then used to compute shields
stress across the entire segment for further habitat analyses.

5. Results
5.1. Segment-Scale Substrate Metrics
In the bankfull wetted area of the Yuba River (5000 cfs) downstream of Englebright Dam,
cobble is the dominant size class; however, a range of silt to bedrock exists within the channel.
The segment-scale Dmean is 97.4 mm within the bankfull area. The mean grain size raster shows
a downstream decrease in particle size (Figure 13), as is typical for an alluvial river. When
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Figure 13. LYR segment-scale substrate map showing the weighted mean grain
size in the river binned according to the RMT’s substrate classification scheme.

Figure 14. Segment-scale grain size distribution by class with particle size
ranges.
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limiting the analysis to substrate in baseflow area (880/530 cfs), mean grain size diameter rises to
99.9 mm. Figure 14 shows the grain size distribution at the segment scale for the bankfull wetted
area as a pie chart.
The vegetated and unvegetated areas in the in-channel bar region were segregated to generate
representative grain sizes for extrapolating the data to the terrestrial river corridor above the 5000
cfs flood wetted-area that was not surveyed. Vegetated areas had a mean grain size of 81 mm,
whereas unvegetated areas had a mean grain size of 96.5 mm. The results are consistent with the
expectation that vegetation traps finer sediments, helping to justify the original decision to
segregate the data into these two groupings. These values were then applied as constant values
for the substrate regions outside of the bankfull zone respectively for the vegetated and
unvegetated regions.
Substrate data were also analyzed for their longitudinal distributions (e.g. Figures 15-17).
Excluding EDR, the majority of the river has substrates suitable for Chinook salmon spawning,
considering the spawning analysis of substrate size reports in Pasternack et al. (2013).
Comparing the lower Yuba River upstream and downstream of Daguerre Point Dam further
revealed the distribution of substrate along the segment. The mean grain size upstream of DPD
was 130 mm (including the EDR), while downstream of DPD the mean grain size was 65 mm.
Because the EDR is within a confined bedrock canyon, it could be considered unfair to lump the
EDR with the downstream alluvial channel. Isolating the EDR, the mean grain size upstream of
DPD dropped to 123 mm, not by much due to the fact EDR is a small reach. EDR itself had a
mean grain size of 298 mm.
An important substrate issue raised in evaluating the status of habitat in the lower Yuba River is
determination of the abundance and distribution of inorganic cover. Boulders and large cobbles
serve as cover for rearing salmonids. There do not exist any objective, numerical criteria for
abundance of large cobbles and/or boulders necessary to provide abundant rearing habitat, but
the longitudinal distributions show that 10-50% of the riverbed is in these size classes, with very
few locations lacking any of these cover objects. Boulders are present in most of the LYR, but
grow in abundance with distance upstream of DPD (Figure 16). Large cobbles are abundant in all
reaches, except Marysville.
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Figure 15. Longitudinal distribution of Dmean along the LYR.

Figure 16. Longitudinal distribution of boulder abundance in the LYR.
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Figure 17. Longitudinal distribution of large cobble abundance in the LYR.
5.2. Reach-Scale Substrate Metrics
Furthest upstream, the Englebright Dam reach was significantly coarsened and exhibited the
largest mean grain size (298 mm). The channel was dominated by boulders and had a significant
portion of exposed bedrock, which is not shown in the substrate data. Other than boulder, some
large and medium sized cobble was present in the Englebright Dam reach. Almost all of the
smaller grains have been washed out by flood discharges and sediment supply is limited to the
few remaining historic bars above bankfull and some angular material from erosion of the
adjacent hillside and road. The Englebright Dam reach has a significant abundance of exposed
bedrock, which is not reflected in the analysis of alluvial sediment size distributions.
Mean grain size decreased downstream (Figure 18) with the onset of emergent floodplain gravel
within the Timbuctoo Bend reach; the mean grain size in that reach was 164 mm. The Timbuctoo
Bend reach also had a significant amount of boulders (20%), but large and medium size cobble
dominated the bankfull channel (30% each). Small cobble emerged, making up 20%, as flow
competence reduced with a widening valley downstream of Narrows reach and floodplains
emerged. Like the Englebright Dam reach, there was an absence of significant fine gravels and
smaller grains in this reach.
As the river transitioned from confined valley to a wider meandering system within the training
berms in the Parks Bar reach, Dmean exhibited another drop to 118 mm. Boulders were no
longer significant in the Parks Bar reach, but still present. Small cobble dominated the substrate
makeup (45%), followed by cobble and large cobble (33% and 22%, respectively).
Downstream of the Dry Creek confluence, the Dry Creek reach looked similar to the Parks Bar
reach. Small cobble was still the largest class in the substrate makeup (45%) followed by cobble
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(33%). The difference between the Dry Creek and Parks Bar reaches was the relative decrease in
large cobble and introduction of fine gravel in Dry Creek. Mean grain size was 87 mm for the
Dry Creek and DPD reaches. Note that boulders were present in this reach, not reflected in the
incremental median data.
The difference in grain size distributions was smallest between the Dry Creek and Daguerre
Point Dam reaches. The largest (large cobble) and smallest (fine gravel) classes only changed by
1-2% overall and small cobble went from dominating (45% over 33% cobble) to nearly equal
cobble in the Daguerre Point Dam reach. Note that boulders were present in this reach, not
reflected in the incremental median data.
The Hallwood reach exhibited a significant shift in grain size distribution: the largest grains were
in the cobble class (22%) and small cobble/medium gravel was the majority substrate class with
56%. The presence of fine gravel increased from 13% in the Daguerre Point Dam reach to 22%
in the Hallwood reach. The Hallwood reach Dmean was 61 mm.
Compared to 0% in the upstream reaches, sand became the majority size class in the Marysville
reach (57%) followed by fine gravel (29%) and small cobble (14%). Mean grain size was 40
mm. Note that boulders were present in this reach, not reflected in the incremental median data.
Reach-scale grain size statistics are presented in Table 5 as well as Figures 18 and 19. Note that
the abundances in the table do not need to sum to 100 % exactly because the values are medians
and the sum of medians. The pie charts representing the grain size distribution of each reach are
based on the same 10% incremental values, but scaled to be out of 100% where they do not add
up in Table 5.
Statistical analysis was done to determine if there existed any systematic physical relations
between reach-scale substrate metrics and possible controlling variables. Dmean by reach
revealed a very strong, statistically significant coefficient of determination (r2) between weighed
mean substrate size and bed slope (Figure 20), where reaches with greater slope have larger
Dmean values. This finding is connected to the downstream fining, as the slope of alluvial rivers
typically decreases downstream, providing further confidence in the data’s integrity.
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Table 5. Reach scale mean grain size and median class percentages.
Reach
Englebright
Timbuctoo
Parks Bar
Dry Creek
Daguerre
Point Dam
Hallwood
Marysville

Dmean
(mm)
298
164
118
87
87
61
40

Silt/
clay Sand
0
0
0
0
0
0
0
0
0
0
0

0
0
40

Fine
gravel
0
0
0
10

Small
cobble
0
20
40
40

Cobble
10
30
30
30

10
20
20

30
50
10

30
20
0

Large
Total
cobble Boulder % *
20
70
100
30
20
100
20
0
90
10
0
90
10
0
0

0
0
0

80
90
70

*Because the data is only to the nearest 10% and because it is a median calculation, the data do not necessary sum to
100%. For example, the Marysville reach has cobble, large cobble and boulder in some raster pixels that is reflected
in the reach mean size, but not the median class percentages (10%-increment).

Figure 18. Substrate grain size distribution by reach, comparing analysis by
median abundance of each size class (vertical bars, left axis) and weighted mean
grain size (line, right axis).
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Figure 19. Substrate grain size distribution by reach normalized to 100%.

Figure 20. Reach-scale regression analysis between weighted mean substrate
size and bed slope for the seven geomorphic reaches investigated. The equation
of the regression curve is y = 3131.61x2 – 106.02x + 33.65 (R2 = 0.95, p < 0.001).
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5.3. Morphologic Unit-Scale
Grain size distributions were compiled from the substrate class rasters using MU delineations of
Wyrick and Pasternack (2012). For each MU, the median percent abundance of each size class
was calculated to the nearest 10% along with Dmean. Because substrate was not mapped beyond
the 5,000 cfs wetted boundary, there can be no median distributions for overbank MUs. The units
included from the floodway or full valley MU types that may occur within 5,000 cfs, even
though they are mainly associated with other inundation zones. Data are presented in Table 6.
5.3.1. In-Channel Bed MU Substrate Metrics
In channel bed units show a systematic trend in Dmean as a function of in-channel velocity
(Figure 21). A statistical analysis was done to see if there were any correlations between
substrate metrics and other physical variables at the MU scale, similar to what was done at the
reach scale. A very strong, statistically significant correlation (R2 of 0.9, p < 0.001) was found
between Dmean and MU-averaged velocity predicted by the 2D model for a flow of 622 cfs. The
relation is likely robust across many discharges, but it was done at 622 cfs, because the data were
already being analyzed for the Chinook spawning physical habitat study (Pasternack et al.,
2013). The relation suggests that the substrate size of each MU has been conditioned by the
velocity, such that higher velocity units winnow away fines and end up coarser. Chute had the
coarsest mean particle size and it experienced the highest mean velocity. Conversely, slackwater
has the smallest mean weighted particle size and mean velocity.
All in-channel bed units had mean particle sizes between 85 and 130 mm, which is
approximately the cobble size class (Table 6a). The total percentages in Table 6 are generally
lower than 100% (sometimes dramatically lower), because among all the raster pixels of a given
MU type, there can be a large number of zeros, so the median ends up being a zero too. For
example, pools do have sand, but many individual pixels do not, so the median percentage for
sand is zero. As a result, the total percentage for pools is only 40%. Thus, this way of
representing grain size distributions using near-census data is different from what people are
used to seeing, but it does provide a fair comparison between units at the same spatial scale.
Silt/clay, sand and boulder had a 0% median abundance. In contrast, the weighted mean tends to
skew up to reflect the pixels where there are nonzero values. Medium gravel/small cobble was
always present, as was cobble (Figure 22). Large cobbles were located in chutes, riffles, runs and
slow glides, though median percent abundance was typically lower for large cobbles than either
medium gravel/small cobble or cobble. Fine gravel was present in all of the bed MUs except
chutes and riffles. There were no values above 50 %.
5.3.2. In-Channel Bar MU Substrate Metrics
Alluvial bars along the flanks of the LYR’s channel had similar Dmean values and median
abundances of each size class, while medial bars and swales were notably finer (Table 6b).
Again, silt/clay had a median abundance of 0% for all MUs. The boulder and sand classes also
had a median abundance of 0%. Similar to the in-channel bed units, the most abundant classes
were medium gravel/small cobble followed by cobble (Figure 23). Presence of fine gravel was
also similar to the in-channel bed units.
[33]

Table 6. MU-scale grain size statistics segregated by inundation zone.
a. In-Channel Bed Units
Mean
Morphological
size
unit
(mm)
chute
132
fast glide
91
pool
96
riffle
118
riffle transition
94
run
116
slackwater
92
slow glide
94

Silt/
clay
0
0
0
0
0
0
0
0

Mean
size
(mm)
100
80
102
72

Silt/
clay
0
0
0
0

Morphological
unit
lateral bar
medial bar
point bar
swale

Fine
Small
Large
Sand gravel cobble Cobble cobble Boulder
0
0
20
30
30
0
0
20
40
30
0
0
0
20
10
10
0
0
0
0
30
30
20
0
0
20
40
30
10
0
0
10
30
30
20
0
0
20
20
20
0
0
0
20
40
20
10
0
b. In-Channel Bar Units

Sand
0
0
0
0

Fine
gravel
10
20
10
20

Small
Large
cobble Cobble cobble Boulder
30
30
10
0
40
30
0
0
40
30
10
0
30
20
0
0

Total
%*
80
90
40
80
100
90
60
90

Total
%
80
90
90
70

*Because the data is only to the nearest 10% and because it is a median calculation, the data do not necessary sum to
100%

Figure 21. Morphological-unit scale regression analysis between weighted mean
substrate (mm) and velocity (ft/s) at 622 cfs for the eight in-channel bed MUs.
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Figure 22. Substrate median grain size distribution by in-channel bed MU
considering only alluvial materials and re-scaling percentages to sum to 100%.
Green is fine gravel, purple is medium gravel/small cobble, blue is cobble, and
orange is large cobble.

Figure 23. Substrate median grain size distribution by in-channel bar MU
considering only alluvial materials and re-scaling percentages to sum to 100%.
Green is fine gravel, purple is medium gravel/small cobble, blue is cobble, and
orange is large cobble.
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5.4. Micro-Habitat Scale Substrate Metrics
The Dmean for 2009-2010 and 2010-2011 redds in each reach and the entire segment are
presented along with the computed median percent in each size class in Tables 7-8 and Figures
22-23. Two sets of data were used to perform substrate analyses at redd locations in the LYR.
The first were the size class and mean grain size maps from the LYR substrate survey, while the
second were the recorded redds substrate data from redd surveys. The first dataset yielded results
that were interpolative of the LYR substrate facies and thus representative of mesohabitat-scale
conditions around the redds at the scale of 5x5 to 10x10 m2, while the second dataset is
representative of the 1 m2 microhabitat conditions at each redd. Even though both datasets (i.e.
the 2010-2011 redd survey and the 2010-2011 substrate facies map) were collected using the
exact same visual classification system, there is expected to be a substantial difference in
visually estimated sizes depending on whether a person is looking out across a larger area or
looking down at a their feet. Both visual estimations are correct, because they are assaying
different phenomena. The question is to figure out the relative utility of the two datasets. The
results in Figure 20 and Figure 21 confirm that the facies-based substrate mapping approach was
accurate enough to yield very strong statistical relations at reach and MU scales.
5.4.1. Grain Size Statistics at Redd Locations using LYR Substrate data
When the median abundance of each substrate size class was calculated at redds locations from
substrate raster data, the particle size distribution shifted dramatically from large to small sizes in
the downstream direction for both redd survey years. The results were similar between the two
survey years. There are no silts/clays and very little sand at any of the spawning sites.
For redds in the Englebright Dam reach, a fairly high median percent abundance of boulders was
calculated (70 %) compared to large cobble (20 %) and medium gravel/small cobble (10 %).
Mean grain size in this reach was 318 mm. The distribution and mean size were the same for
2009-2010 and 2010-2011 redd locations.
Mean grain size at redd locations in the Timbuctoo Bend reach was 125 mm for both redd survey
years. Grain size was similar, but 2010-2011 redds showed slightly more fine gravel (2009-2010
had 4 % median occurrence compared to 10 % for 2010-2011) and slightly less cobble (30 % in
2009-2010, 26 % in 2010-2011) than 2009-2010 locations. The other classes showed the same
median abundances of 30 % small cobble, 20% large cobble and 10 % boulder. Downstream of
the Timbuctoo Bend reach, boulder median abundance dropped to 0 %.
Parks Bar, Dry Creek, and Daguerre Point Dam reaches all exhibited the same median
abundance distribution of grain sizes of 10 % fine gravel, 40 % medium gravel/small cobble, 30
% cobble, and 10 % large cobble. This was the case for both survey years, except Parks Bar had
14 % large cobble for the 2009-2010 redd locations. Mean grain size decreased between survey
years for Parks Bar (103 mm to 101 mm) and Dry Creek (102 mm to 99 mm) but increased for
the Daguerre Point Dam reach (88 mm to 90 mm).
Mean grain size in the Hallwood reach was 82 mm for 2009-2010 redd locations and 73 mm for
2010-2011 locations. Median abundance was 20 % for fine gravel and 30 % for medium
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gravel/small cobble in both survey years; median cobble abundance increased from 20 % to 30
% between survey years at redd locations in the Hallwood reach.
Furthest downstream, 2011 substrate data returned the finest material at past redd locations in
Marysville reach: mean grain size was 57 mm for both years and the distribution of median class
abundance remained the same. Abundance of fine gravel was 30 %, medium gravel/small cobble
was 50 %, and cobble was 20 %.
In summary, medium gravel/cobble was dominant in all the reaches except the Englebright Dam
reach. Cobble was moderately abundant in most reaches besides the Englebright Dam reach in
which it had 10% median abundance at redds. Calculated mean grain size at redd locations
ranged from 318 mm in the Englebright Dam reach to 57 mm in the Marysville reach. The
segment scale mean diameter for redd locations based on LYR substrate data was 108 and 110
mm for the 2009-2010 and 2010-2011 redd surveys, respectively. Grain size statistics at 20092010 and 2010-2011 redd locations interpolated from the substrate data are presented in Table 7
and Figure 22.

Table 7. LYR summary statistics for grain size at 2009-2010 redds (based on the
substrate map of the river at the 5-10 m scale, not the substrate recorded in the
redd survey).
Mean
size Silt/
reach
(mm) clay Sand
(a) 2009-2010 redd locations
Englebright
318
0
0
Timbuctoo
125
0
0
Parks Bar
103
0
0
Dry Creek
102
0
0
DPD
88
0
0
Hallwood
75
0
0
Marysville
57
0
0
Segment
108
0
0
(b) 2010-2011 redd locations
Englebright 318
0
Timbuctoo
125
0
Parks Bar
101
0
Dry Creek
99
0
DPD
90
0
Hallwood
82
0
Marysville
57
0
Segment
110
0

0
0
0
0
0
0
0
0

Fine
gravel

Small
cobble

Cobble

0
4
10
10
10
20
30
10

0
30
40
40
40
40
50
40

10
30
30
30
30
20
20
30

0
10
10
10
10
20
30
10

0
30
40
40
40
40
50
40
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10
26
30
30
30
30
20
30

Large
cobble Boulder
20
20
14
10
10
0
0
12

20
20
10
10
10
0
0
18

70
10
0
0
0
0
0
0

70
10
0
0
0
0
0
0

Total
%*
100
94
94
90
90
80
100
92

100
96
90
90
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Figure 24. Substrate size distribution at 2010-2011 redd locations by reach
using LYR substrate survey data at the 5-10 m scale, not the substrate recorded
in the redd survey.
5.4.2. Grain Size Statistics at Redd Locations using Redd Survey Substrate
data
When the mean grain sizes and median abundances of each substrate size class were calculated
from 1-m scale redd substrate survey data, the results were notably finer than those interpolated
from the LYR substrate maps. The substrate data from the 2010-2011 redd survey showed a
narrower range of mean substrate sizes at redds in the LYR reaches as well as median
abundances ranging only between fine gravel and cobble, with the exception of the Englebright
Dam reach. Similar to the LYR substrate interpolated data, there was no silt/clay and very little
sand observed at redd locations. The 2009-2010 redd substrate data were not analyzed for this
report, because of the change in visual classification methods in 2010 to match the LYR
substrate methods.
The redds in Englebright Dam reach were adjacent to the coarsest particles. The median
abundances for redds in this reach were 30 percent boulder, 20 percent large cobble, and 10
precent for cobble, small cobble/medium gravel, and fine gravel. There was no silt/clay or sand
observed near the redds. Observed mean substrate at redds was 182 mm in the Englebright Dam
reach.
In Timbuctoo Bend, the median distribution was 30 percent cobble, 50 percent small
cobble/medium gravel and 20 percent fine gravel. There was insufficient sand or silt/clay
observed to record it at ≥ 10% abundance. Observed mean grain size was 85 mm at redds in the
[38]

Timbuctoo Bend reach. Downstream, the Parks Bar reach exhibited similar substrate observed at
redds. Mean grain size was also 85 mm, and the median distribution was 30 percent cobble, 40
percent small cobble/medium gravel, and 20 percent fine gravel.
Mean observed grain size dropped to 77 mm for the Dry Creek and Daguerre Point Dam reaches.
Both reaches had median abundances of 40 percent small cobble/medium gravel and 20 percent
fine gravel. Slightly more cobble was observed near redds in Dry Creek (40 percent) compared
to the Daguerre Point Dam reach downstream (30 percent). The Hallwood reach showed the
same abundances as the Dry Creek reach, but mean grain size was smaller at 73 mm for this
reach.
Furthest downstream, the Marysville reach showed a mean grain size of 66 mm and the
distribution shifted towards finer classes. Median abundances were 25 percent cobble, 40 percent
small cobble/medium gravel and 35 percent fine gravel.
Overall, observed substrate at LYR redds were finer than interpolated from the facies-scale
substrate maps, which is understandable. Percent abundance was fairly similar among all the
other reaches with the highest abundances from fine gravel to cobble. Segment-wide median
values were 30 percent cobble, 40 percent small cobble/medium gravel and 20 percent fine
gravel. No silt/clay was observed along the whole segment and sand was observed at very few
redds, only in the Parks Bar reach and downstream reaches. The segment-scale average mean
was 83 mm from the observed substrate, compared to 108-110 mm from the interpolated data.
Because the observed substrate data were specific to the microhabitat conditions at redds, the 83
mm segment mean was used as the representative spawning size to create shields stress rasters
for subsequent analyses. Grain size statistics from substrate observed at redds are presented in
Table 8 and Figure 23.
Table 8. LYR summary statistics for grain size at 2010-2011 redds (based on the
substrate data recorded at the 1-m scale in the redd survey).

reach
Englebright
Timbuctoo
Parks Bar
Dry Creek
DPD
Hallwood
Marysville
Segment

Mean
size
(mm)
182
85
85
77
77
73
66
83

Silt/
clay
0
0
0
0
0
0
0
0

Sand
0
0
0
0
0
0
0
0

Fine
gravel
10
20
20
20
20
20
35
20

Small
cobble
10
50
40
40
40
40
40
40
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Cobble
10
30
30
40
30
40
25
30

Large
cobble
20
0
0
0
0
0
0
0

Total
Boulder %*
30
80
0
100
0
90
0
100
0
90
0
100
0
100
10
90

Figure 25. Substrate size breakdown at 2010-2011 redds by reach using substrate
observed at the 1-m scale at redds.

6. Discussion and Conclusions
Even though substrate was mapped using a visual classification scheme and with coarse substrate
bins, these substrate analyses show meaningful relations that give confidence in the value of the
data. The substrate data show that the LYR exhibits downstream fining (Figure 15) as well as
strong correlations between slope and mean grain size at the reach scale (Figure 20) and
weighted mean substrate size and velocity at the morphologic unit scale (Figure 21). These
relations are on par with similar alluvial systems, and give light to the utility of visual
classification of substrate for river assessment using visually distinct and ecologically significant
size classes.
The substrate data show that there is significant habitat heterogeneity at segment and reach
scales, with some areas having a notable amount sand (i.e. Marysville reach with a median raster
cell abundance of 40% sand) and others having a notable abundance of gravel and /or cobble. In
terms of Chinook salmon and steelhead trout spawning habitat, there is nearly ubiquitous
availability of gravel and coble in the LYR. The only areas lacking it are the Englebright Dam
reach and the Narrows reach. Even though the Narrows reach was not mapped in this study, it
has been assessed by reconnaissance (Pasternack, 2010c) and, though it does have some residual
cobble from the hydraulic mining era, it is still largely a bedrock/boulder dominated reach.
Gravel/cobble injection below the Narrows 1 powerhouse in 2010/2011, 2012, and 2013 has
added ~15,000 short tons of spawning sediment to the canyon, but it is still a small fraction of
the total deficit to be addressed by further additions through time, according to a Gravel
Augmentation Implementation Plan (Pasternack, 2010b).
[40]

In terms of rearing habitat, there is both presence and absence of potentially preferred substrate
elements. Fisheries biologists on the RMT and participating government agencies have cited a
need for large cobble and boulders as cover elements. This study found that those were very
abundant throughout the LYR. On the other hand, this study found that there is very little silt and
clay in the river, which is helpful in creating habitat for organisms at the bottom of the food
chain. Sand is present throughout the valley under the riverbed, but once it is exhumed by valley
incision it generally does not stay in the channel above DPD, but either moves onto the
floodplain adjacent to the channel (Figure 5) or moves down to the Marysville reach. More work
could be done to assess the abundance and distribution of sand, silt, and clay in backwater areas
throughout the LYR.

[41]
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