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ABSTRACT 

In response to the 2008 Federal Columbia River Power System (FCRPS) Biological Opinion (BiOp), and as a 

means of offsetting the mortality of salmonids imposed by the FCRPS, the Columbia Habitat Monitoring 

Program (CHaMP) was developed in 2010 to address reasonable and prudent alternatives (RPA); these RPA 

actions include: 

• Monitoring and evaluating tributary habitat conditions and limiting factors (RPA 56), including: 

‒ Quantifying relationships between habitat conditions and fish productivity 

(limiting factors) to improve development and parameterization of models for 

planning and implementation of habitat projects (RPA 56.1) 

‒ Implementing habitat status and trend monitoring as a component of pilot studies in 

various watersheds (RPA 56.2) 

‒ Facilitating an ongoing collaboration process to develop a regional strategy for habitat 

status and trend monitoring for key ESA fish populations (RPA 56.3) 

• Evaluating the effectiveness of tributary habitat actions (RPA 57) 

Bonneville Power Administration (BPA) coordinated with the National Oceanic and Atmospheric 

Administration (NOAA) and other regional agencies to implement CHaMP as a statistically rigorous and 

consistent habitat survey protocol in watersheds across the Columbia River Basin that have perceived habitat 

impairments.  The CHaMP protocol was developed to capture habitat attributes that influence the 

demography of salmonid populations, including egg-to-fry survival, the growth and survival of juveniles, 

and the survival and reproductive success of adults/spawners.  CHaMP is intended to measure direct and 

indirect habitat attributes related to the limiting factors of food, temperature, activity, starvation, predation, 

physical processes, water quality, migration barriers, scour, and dissolved oxygen; the specific species of 

interest are anadromous Chinook Salmon and Steelhead as listed under the Endangered Species Act (ESA).  

This report provides a technical review of CHaMP to determine how well the program meets the intended 

goals associated with RPA 56 and RPA 57; the report documents the approach and methods we used in our 

evaluation and provides results, discussions, and recommendations.  The evaluations and recommendations 

are based on our collective experience in developing methodologies and implementing and monitoring 

habitat restoration at a large watershed scale.  The evaluation is organized by the four main study design 

components of CHaMP: 1) Spatial Design: Where samples are taken; 2) Temporal Design: When samples are 

taken, 3) Response Design: What and How samples are taken, and 4) Inference Design: How indicators are 

estimated from site-level metrics across space and time. 

Our review identifies numerous limitations of CHaMP that impede efforts to accurately describe tributary 

habitat conditions and identify limiting factors (RPA 56).  CHaMP does not explicitly identify human-

induced limiting factors or incorporate human-related habitat conditions, such as comparing impaired 

streams to the potential, functioning conditions of reference streams.  This impedes the ability to use CHaMP 

data to facilitate restoration actions by addressing adverse human alterations.  We also found that field 

method changes and high sampling variability and errors associated with the field data collections limit 

opportunities to directly compare interannual surveys and accurately quantify habitat status and trends.  

Nevertheless, much of the data can be used for local and general habitat assessments following further 

analyses to improve datasets.  Last, we find that CHaMP’s study design, related to randomly-selected sites 

using GRTS (Generalized Random Tessellation Sample), is poorly suited to evaluate the effectiveness of 

tributary habitat actions (RPA 57).  
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EXECUTIVE SUMMARY 

In response to the 2008 Federal Columbia River Power System (FCRPS) Biological Opinion (BiOp), and as a 

means of offsetting the mortality of salmonids imposed by the FCRPS, the Columbia Habitat Monitoring 

Program (CHaMP) was developed in 2010 to address reasonable and prudent alternatives (RPA); these RPA 

actions include: 

• Monitoring and evaluating tributary habitat conditions and limiting factors (RPA 56), including: 

‒ Quantifying relationships between habitat conditions and fish productivity (limiting factors) to 

improve development and parameterization of models for planning and implementation of habitat 

projects (RPA 56.1) 

‒ Implementing habitat status and trend monitoring as a component of pilot studies in various 

watersheds (RPA 56.2) 

‒ Facilitating an ongoing collaboration process to develop a regional strategy for habitat status and 

trend monitoring for key ESA fish populations (RPA 56.3) 

• Evaluating the effectiveness of tributary habitat actions (RPA 57) 

Bonneville Power Administration (BPA) coordinated with the National Oceanic and Atmospheric 

Administration (NOAA) and other regional agencies to implement CHaMP as a statistically rigorous and 

consistent habitat survey protocol in watersheds across the Columbia River Basin that have perceived habitat 

impairments.  The CHaMP protocol was developed to capture habitat attributes that influence the 

demography of salmonid populations, including egg-to-fry survival, the growth and survival of juveniles, 

and the survival and reproductive success of adults/spawners.  CHaMP is intended to measure direct and 

indirect habitat attributes related to the limiting factors of food, temperature, activity, starvation, predation, 

physical processes, water quality, migration barriers, scour, and dissolved oxygen; the specific species of 

interest are anadromous Chinook Salmon and Steelhead as listed under the Endangered Species Act (ESA).  

This report provides a technical review of CHaMP to determine how well the program meets the intended 

goals associated with RPA 56 and RPA 57; the report documents the approach and methods we used in our 

evaluation and provides results, discussions, and recommendations.  The evaluations and recommendations 

are based on our collective experience in developing methodologies and implementing and monitoring 

habitat restoration at a large watershed scale.  The evaluation is organized by the four main study design 

components of CHaMP:  

1. Spatial Design: Where samples are taken 

2. Temporal Design: When samples are taken 

3. Response Design: What and How samples are taken 

4. Inference Design: How indicators are estimated from site-level 

metrics across space and time 

We also evaluated the integrity of CHaMP habitat data, all of which are intended to be shared across 

various Columbia Basin fish management agencies, collaborators, and programs, including tribal, state, and 

federal agencies monitoring anadromous salmonids and/or their habitat.  Additionally, we recognize that 

CHaMP data collections are used for numerous modeling applications, including ecohydraulic and life 

cycle models.  Although our review does not evaluate the specific models and associated assumptions and 
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results, we identify which habitat metrics (or raw data products) are used in each biological model and 

discuss any potential issues that might stem from data collection problems. 

Overall, our evaluations investigate whether CHaMP meets its intended goals and specifically focus on 

determining how well: 

• CHaMP quantifies salmonid habitat status across space and detects trends 

through time across the Columbia River Basin 

• CHaMP identifies limiting factors of habitat associated with salmonid growth and 

survival and links the limiting factors to the sources of habitat impairment 

• CHaMP protocol follows design fundamentals and if it is implemented consistently 

• CHaMP data can be used for management, restoration, effectiveness monitoring, 

and modeling applications 

APPROACH & METHODS 

To evaluate the CHaMP protocol and subsequent data collections, we reviewed numerous CHaMP-related 

documents and publications, and we interviewed field practitioners, watershed group leaders, agency staff, 

and consultants.  CHaMP datasets were also obtained from CHaMP personnel and CHaMPmonitoring.org 

for evaluation.  We also visited numerous CHaMP sites within the Lemhi Watershed and reviewed the field 

data collection methods by surveying numerous sites to compare CHaMP methods with standard methods.  

The following sections describe the specific approach and methods we used to evaluate CHaMP’s 

spatial/temporal design, response design, and inference design.   

Spatial/Temporal Design: Where & When Samples are Taken 

The spatial design selects 45 sites per watershed using the Generalized Random Tessellation Sample 

(GRTS) Design.  Sites are selected based on the presence of the target species (Chinook Salmon and 

Steelhead) on wadeable, perennial streams below impassable barriers that are safely accessible.  Sites are 

stratified by ownership (public or private) and valley segments (source, transport, or response), creating six 

unique subset categories that each receive four samples using GRTS.  The temporal design specifies that 15 

of the 45 sites per watershed are surveyed annually and 30 of those sites are on a three-year rotation 

schedule (i.e., 10 sites on panel 1 rotation, 10 sites on panel 2 rotation, and 10 sites on panel 3 rotation 

schedule); a total of 25 sites are surveyed annually.  This “core” CHaMP sampling design is intended to 

provide unbiased, representative samples and achieve a balance in site allocation across a stream network 

to estimate the habitat status at a point in time and to estimate habitat trends across time.  In most basins, 

additional sites were sampled with varying intensity. 

To evaluate CHaMP’s spatial/temporal design, we investigated whether the GRTS design and annual and 

rotating panel design can be used to accurately quantify salmonid habitat status, detect trends in status 

over time, and ultimately provide robust data that can help inform, prioritize, and monitor habitat 

management and restoration actions; advantages and limitations are addressed.  Additionally, we created 

an evaluation matrix to investigate the potential impacts that changes to the core spatial/temporal design 

across CHaMP watersheds have on the ability to accurately quantify trends in status across time. 

Response Design: What & How Samples are Taken 

The response design includes methods of field data collection and their associated data output.  Field 

instructions describe how crews identify sampling locations and classify channel segments, side channels, 

and channel units.  Topographic surveys are conducted to generate 3D Digital Elevation Models (DEMs).  
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Last, auxiliary surveys are conducted to obtain channel unit level attributes (fish cover, ocular substrate 

composition, pool tail fines, large woody debris, undercut banks, particle size distribution, and cobble 

embeddedness) and site-level attributes (site map, photos, solar input, riparian structure, water 

temperature, discharge, water chemistry, and macroinvertebrate sampling). 

To evaluate the response design, we created evaluation matrices to investigate the repeatability of the field 

methods and the quality of CHaMP data.  Temporal changes in field methodology, and whether methods are 

inherently subjective or include temporal variability (e.g., due to varying discharge), were primary areas of 

focus.  The metrics produced from the field method were evaluated to determine whether the data accurately 

quantifies habitat status and trends.  Appropriate applications of the data for management strategies, 

restoration, effectiveness monitoring, and modeling were also assessed.  The metric evaluations include data 

collected within the eight pilot watersheds between 2011 and 2016; data from 2017 was not finalized as we 

began our evaluation in November 2017.  Our evaluations use two datasets: 1) replicate QC visits conducted 

within the same year, and 2) CHaMP primary sites sampled annually or on a rotating panel (between year 

surveys).  We produced 1:1 plots and Box and Whisker plots representative of the replicate QC surveys and 

the between year CHaMP surveys.  High variability in the replicate QC plots indicates the inability to repeat 

measurements as differences in the data likely reflect measurement error rather than true condition changes 

since the surveys are conducted within the same year.  This measurement error may stem from observer 

error, timing of sampling, and/or equipment limitations.  The overall sampling variation in the replicate QC 

plots is likely carried through to the plots of the between year CHaMP surveys, which were used to evaluate 

the overall quality of the dataset. 

Inference Design: How Indicators are Estimated from Site-Level Metrics 

The inference design defines the appropriate statistical methods for the study design.  Because CHaMP 

developed a status and trend monitoring design that incorporates spatially-balanced, stratified random 

sampling to select sites, CHaMP uses standard mean and variance estimators and can also apply 

neighborhood variance estimators.  CHaMP generates habitat indicators from site-level metrics to 

quantify habitat status and trends at both the reach scale and at the watershed scale. 

Status, defined as the distribution of a CHaMP metric over a specified spatial domain and time range, is first 

estimated by averaging the metric of interest at the site level to obtain a single average response; status can 

then be described at the reach or watershed scale using appropriate methods.  Trend is the average of the 

site-level linear trend (status) for a given metric over a specified spatial domain and temporal range; linear 

trends can be estimated by regressing a given metric at each sampling site against time in years.  Individual 

site-level trend estimates can be upscaled using appropriate statistical methods to estimate trends across 

larger spatial domains (e.g., across a watershed). 

Thus far, six years (2011‒2016) of trend data for key metrics are reported for selected watersheds.  For sites 

sampled annually, trend estimates include six annual measurements (one for each year) for a given metric; for 

sites sampled on the three-year rotating panel, there are two annual measurements available.  It is important to 

note that three sampling points are required to statistically develop trend estimates; thus, CHaMP was 

developed to conduct site sampling over nine years to allow trends to be estimated for all rotating panel sites.   

Our evaluation of CHaMP includes a general assessment of the inference design as it relates to meeting 

CHaMP’s primary goals, including monitoring and evaluating tributary habitat conditions and limiting factors.  
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RESULTS 

Results of the Spatial/Temporal Design Evaluation 

Changes in the spatial/temporal design occurred within the majority of watersheds.  Many basins exceeded the 

core CHaMP study design of 15 annual sites and a three-year rotating panel of 10 sites per year.  Although 

additional sampling was reduced in later years, sampling at core sites was robust.  In the Tucannon, South Fork 

Salmon, and Wenatchee river basins, significant changes in the study design did not occur or were not likely to 

influence subsequent descriptions of habitat status or trend.  However, changes in the study design were 

relatively extensive within the John Day, Upper Grande Ronde, Lemhi, Entiat, and Methow river basins.  

Analyses from these watersheds must carefully consider the potential effects of changes in sampling across space 

and time on both habitat status and trends, and such changes should be discussed in any summary reports. 

We also found that not stratifying sites stringently enough prior to using GRTS to minimize variance is a major 

shortcoming of CHaMP’s spatial design.  Site selection is balanced by ownership level (public and private) and 

valley segments (source, transport, and response).  However, stream type and condition stratifications were not 

used, resulting in sites that contain more than one stream type and/or vary in condition throughout the reach.  

This is problematic as it will be difficult to link fisheries population data to habitat condition inferred from 

metrics produced from a site that contains multiple stream types and/or conditions.  Furthermore, sites cannot be 

compared in terms of impaired reaches versus reference reaches.  A reference reach is geomorphically- and 

biologically functioning and represents the potential condition of an impaired reach.  Geomorphic functioning 

refers to effectively transporting the sediment and flows of the watershed without aggrading or degrading over 

time; biological functioning refers to providing the potential habitat to support the appropriate salmonid life 

stages for that reach type.  Without understanding the potential conditions, the ability to properly identify, 

understand, and ultimately offset limiting factors of habitat is severely hindered. 

Beyond stream type and condition, CHaMP’s site selection does not consider the patchy nature of human 

impairments on the landscape and the opportunity-based nature of many restoration projects.  Unfortunately, 

CHaMP does not identify land use impacts or disturbances that affect habitat quality, including grazing 

impacts, streamflow diversions, and those that impair water quality and impact longitudinal connectivity.  

Without understanding the sources and causes of impairment due to land uses and disturbances, in addition 

to linking such impairments to stream types and conditions, the ability to use CHaMP data to inform and 

implement habitat restoration is limited. 

Results of the Response Design Evaluation 

Channel Unit Classification 

The channel unit classification method is used to delineate distinct areas within a stream channel that differ in 

terms of morphology, hydraulic properties, and bed roughness due to the interactions among streamflow, the 

sediment regime, and channel resistance.  Channel units are classified based on a two-tiered approach: Tier I 

units include Fast Water Turbulent, Fast Water Non-Turbulent, Slow Water/Pool, and Small Side Channel.  

Within the Fast Water Turbulent unit, Tier II units include Riffle, Rapid, Cascade, and Falls; within the Slow 

Water/Pool unit, Tier II units include Scour Pool, Plunge Pool, Dam Pool, and Beaver Pool.  Channel units are 

flagged in the field, assigned a unique number, and integrated into the topographic survey.  Metrics are 

produced for the count, frequency, percent, and volume of the Tier I units. 

Results indicate significant changes to the classification method, including adding small side channels to the 

Tier I classification scheme in 2014.  The method is also subjective based on crew member estimates when 

flagging the start and end of channel unit features with no clear guidelines provided.  Additionally, the 
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volume and percentage metrics are calculated using the wetted channel and therefore include temporal 

variation since the wetted channel is dependent upon stream discharge at the time of survey.  Discharge stage 

also affects how crews classify channel units; as discharge increases, it becomes more difficult to distinguish 

channel units based on the water surface gradient. 

Furthermore, the method does not include distinct categories to consistently classify the critical bed features 

of glides and runs that occur within riffle-pool systems (< 2% average channel slope).  Glides or runs do not 

fit within the existing classification and channel unit categories.  Glides are often referred to as pool tailouts 

and are critical features for spawning and serve as a natural grade control that keeps pool water gradients flat 

and riffles steep.  Runs are the transition bed feature between riffles and pools that are associated with strong 

downwelling currents with secondary circulation that create flow separation “seams” that are used by 

salmonids as resting areas providing instream cover (turbulence) and feeding lanes between the slow and 

faster moving flows. 

Overall, channel units are not properly or consistently classified; the lack of repeatability due to measurement 

error and temporal variability precludes the use of channel unit metrics for habitat and trend analyses that 

require high accuracy.  In addition, channel unit classification drives the framework for collecting the 

auxiliary channel unit level data, and thus, all associated metrics are adversely affected.  An additional 

shortcoming of the channel unit classification method, and the entire CHaMP protocol in general, is not using 

data from first surveys to drive subsequent survey classifications and measurements; consequently, status is 

being redefined in all surveys rather than using the first survey classifications or measurements as a reference 

baseline.  Also, a lack of QA/QC processes and data analyses that compare channel unit classifications to the 

longitudinal thalweg profile as a check for reasonableness will result in inconsistent classifications and 

measurements.  Further data analyses using topographic survey data will allow Fast Water Turbulent and 

Slow Water/Pool units to be properly classified.  The topographic survey data will also allow run and glide 

features to be delineated.  Following such analyses, this data will have utility for general management, 

restoration, and modeling applications.  However, Fast Water Non-Turbulent metrics are not standard as 

they do not relate to consistently-identified bed features (i.e., runs or glides) that have utility in habitat 

assessments; therefore, we see no utility of the Fast Water Non-Turbulent metrics.   

Topographic Survey 

The topographic survey method is used to create a DEM of the stream channel and surrounding floodplain; 

the DEM is used to generate numerous metrics, including bankfull channel, wetted channel, side channel, 

longitudinal, and channel unit metrics.  While the DEM undoubtedly has utility for numerous applications, 

we find that the documented uncertainties and errors in DEMs to represent topographic surfaces limit the 

ability to accurately define key features and generate highly accurate metrics within a reach.  However, the 

DEM does provide an adequate portrayal of the channel boundary for general applications that do not 

require high accuracy (although comparing features above the bankfull channel across surveys is 

discouraged as floodplain and terrace features are often not adequately defined). 

Changes to the topographic survey method also limit the ability to compare interannual surveys; the most 

significant change to the method was adding small side channels associated with less than 16% of the flows 

to the survey in 2014; prior to 2014, small side channels were not encompassed in the survey.  Also, the 

methods to identify certain points are subjective and dependent on discharge stage at time of survey and 

thus introduce sampling variation.  
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Bankfull Points & Metric Evaluations 

The bankfull point collection method is used to define the boundary of the channel, including the main 

channel and any side channels.  We find many shortcomings in the method that impede the ability of field 

crews to appropriately and consistently identify bankfull features, including: 

• Lack of emphasis and understanding of the bankfull channel boundary and its important 

relation to the formation, maintenance, and dimensions of the channel 

• No validation of the field-identified bankfull points with regional hydrology curves 

• Resurveys intended to detect geomorphic change do not use the bankfull elevation 

from the first survey as a control 

• Lack of data processing and QA/QC measures to ensure bankfull points and the final 

bankfull elevation are accurate and representative of field conditions 

In addition to significant impacts to bankfull metrics, the inability to consistently identify bankfull also 

impacts auxiliary data collections (such as large woody debris counts) that use the bankfull channel 

boundary as a frame of reference. 

Overall, the bankfull metrics are not accurate with large disparities in metrics among surveys and limited 

utility for numerous applications due to several factors:   

1) Reporting a single, reach-averaged metric per site rather than stratifying by bed feature 

2) Lack of continuity among bankfull metrics  

3) Inconsistencies in identifying bankfull among surveys 

4) Changes in field data collection methods 

5) Reported metric discrepancy in database versions 

6) Lack of stratification by stream type and condition to explain variance 

Each of these factors can be addressed to improve metric accuracy and/or utility.  The DEM can be used to 

produce cross-sections and longitudinal profiles for analyses and generating standard variables stratified by 

bed feature, including riffles, runs, pools, and glides.  Regional hydrology curves can also be used to verify 

field-identified bankfull elevations.  Following further analyses, the bankfull metrics will have utility for 

general applications that do not require high accuracy. 

Wetted Channel Points & Metric Evaluations 

The DEM is also used to produce multiple metrics associated with the wetted channel consisting of the main 

channel and side channels; these metrics include average thalweg depth and wetted area, volume, average width, 

and width to depth ratio.  The wetted channel points are dependent on discharge stage at time of survey and thus 

introduce temporal variation into the generated metrics.  This hinders the ability to compare interannual surveys as 

the variation in metric comparisons across surveys is large.  Reporting many of the wetted channel metrics as reach-

wide averages also limits the interpretive value of the metrics.  Furthermore, assessing limiting factors of habitat 

associated with varying discharges is hindered because the discharge captured at the time of survey is not related to 

flow stage to understand the magnitude, frequency, duration, and timing of flows.  Nonetheless, the wetted 

channel metrics have utility for general applications and habitat assessments that do not require high accuracy; the 

DEM and wetted channel boundary can also be used to generate standard metrics stratified by bed feature. 

Side Channel Metrics 

The bankfull and wetted channel boundaries in the DEM are used to produce side channel metrics comprised 

of qualifying large and small side channels.  These metrics include bankfull side channel width and width to 

depth ratio, and wetted side channel width and channel percent by area.  Thus, the metrics include sampling 
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variation attributed to temporal variation and subjectivity in identifying the bankfull stage.  Moreover, the 

surveys conducted from 2011‒2013 did not include qualifying small side channels within the topographic 

survey, which will affect the ability to compare interannual surveys across all survey years.  Overall, large 

sampling variation is inherent in the metrics, and hence, the metrics are not highly accurate for status and 

trends.  Any use of the data requires further desktop analyses to address the sources of sampling variation and 

to improve metric values, such as analyzing bankfull elevation and eliminating outliers. 

Longitudinal (Reach Length) Metrics 

The longitudinal metrics include sinuosity, thalweg site length, and gradient generated from the DEM; these 

metrics are dependent on the reach length and thus rely on where the survey crew starts and ends their 

survey.  Despite emphasizing the importance of beginning and ending surveys at the previous top and 

bottom of site locations, surveys were not consistent thereby affecting reach lengths.  Nevertheless, the 

longitudinal metrics are prone to less variability than the other metrics obtained from the topography survey.  

However, there is still more variability in the metrics than expected, and metric values can be improved with 

further analyses.  These analyses include recalculating site lengths using similar reach extents across surveys 

and recalculating the sinuosity and gradient metrics using standard definitions. 

Auxiliary Survey: Channel Unit Level Attributes 

Fish Cover 

The field data collection method visually estimates five fish cover elements (i.e., woody debris, overhanging 

vegetation and live tree roots, aquatic vegetation, artificial structures, and total no fish cover) within each 

channel unit and within the wetted channel or less than one meter above the water surface; estimates are 

rounded to the nearest 5% and are summed to equal 100%.  Observer subjectivity is inherent in the field 

method as cover elements are visually estimated within each channel unit; the visual estimates also depend 

on the wetted channel area, which results in additional sampling variation based on time of survey.  The 

field data collection method also changed significantly between 2011 and 2014.    

Overall, the fish cover metrics are not consistently estimated and provide a limited representation of 

accurate habitat status due to the lack of repeatability in the field method.  Nevertheless, there is a positive 

relationship between the first and subsequent surveys for important metrics that are directly relevant to 

salmon populations (e.g., large wood fish cover).  Thus, some of the fish cover data are potentially useful if 

the inherent variability in these metrics is carefully considered.  Treating the data as a binary (no/low vs. 

high) representation of habitat condition is likely warranted.  

Ocular Substrate Composition 

The ocular substrate composition method visually estimates the percentage of each substrate size class by 

channel unit within the wetted surface area.  The estimates are weighted by channel unit area and reported as 

the percentage of each major substrate size class for the reach (i.e., boulders, cobbles, gravel, and sand and 

fines).  The substrate composition is visually estimated and therefore biased high.  The estimates are also based 

on the wetted area site, which is influenced by discharge stage at time of survey.  Also, substrate is estimated 

within each channel unit area, which further increases the amount of variability associated with visually 

estimating channel units.  A significant field method change occurred in 2014 associated with separating a 

veneer of sediment from coarser material and counting the veneer material as bed material.  This change results 

in describing streams with a veneer of silt over gravel as a silt-bed stream, therefore leading to various 

interpretation problems involving the stream condition. 
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Overall, the size class metrics are not consistently estimated due to the lack of repeatability in the field 

method.  High levels of sampling variation are inherent within replicate QC surveys and primary CHaMP 

surveys.  In addition to the sampling variation, changes in field methods are likely contributing to the metric 

variation limiting the ability to compare interannual differences in metrics.  Consequently, the metrics cannot 

be used for trend analyses or applications that require high accuracy.  However, following analyses to 

eliminate outlier values, the current dataset may be useful for general applications, such as stream 

classification schemes that utilize the dominant particle size class of the reach. 

Pool Tail Fines 

The data collection protocol for pool tail fines identifies the percentage of the surface substrate that is less 

than 2 mm and less than 6 mm at the tails of pools and Fast Water Non-Turbulent channel units.  The 

substrate sizes are intended to be appropriate for assessing spawning site quality as it relates to percent fines 

and egg survival.  Any sampling in Fast Water Non-Turbulent units may not be appropriate to represent 

spawning sites.  In addition, the locations of where to place the grids are dependent on the wetted channel, 

and thus grid placement will differ among surveys based on discharge at time of survey. 

Furthermore, although CHaMP size classes (< 2 mm and < 6 mm) of fine sediment are standard and appropriate 

for assessing spawning site quality, estimates of size from ocular estimates are subjective and generally 

unreliable.  As expected, the 1:1 plots and box and whisker plots for replicate QC surveys suggest the absolute 

difference in repeat sample data is high, though there appears to be a weak positive relationship between 

measurements.  The fine sediment dataset is skewed by many outliers; however, this data may be of use in certain 

contexts such as presence/absence of fine sediment.  The accuracy of the measurements, however, is limited, and 

as such there is little power to detect a real change if it occurred.  Thus, the dataset has limited value for habitat 

trend, and we further caution that the sampling error may be prohibitive for many general applications. 

Large Woody Debris (LWD) 

The Large Woody Debris (LWD) field method quantifies the number and dimensions of qualifying LWD 

pieces for each channel unit within the wetted channel and bankfull channel.  Methods of classifying, 

counting, and measuring LWD were modified in 2012, 2013, and 2014.  Large Wood, like many attributes, 

is ultimately estimated based on some subjective ocular judgment.  Furthermore, the data can be limited 

by intra- and inter-annual variation in wetted channel area and bankfull area, both real and due to 

sampling variation.  These issues, along with the changes in the field method, will affect the generated 

LWD metrics associated with the large wood frequencies within the bankfull channel and wetted channel. 

As expected, replicate QC surveys indicate that sampling variation is present.  Nevertheless, the metrics 

appear to be suitable for various uses because the wood is measured and classified by size groups that allow 

for detailed analyses.  Overall, the metric values are not sufficiently accurate for interpreting whether small 

increases or decreases in LWD frequency are due to actual condition changes or are due to observer 

subjectivity, a field method change, or sampling at different points in time.  However, results indicate that 

the observations are accurate enough that large changes in LWD frequencies are likely detectable for long-

term trends, especially for sites where the bankfull stage was consistently identified across surveys.  LWD 

counts also have great utility for general applications that do not require a high level of accuracy, especially 

if put into the context of stream type and condition, riparian cover type, and potential vegetation to help 

solve one-the-ground problems.  Further, these data may be useful for many modeling applications, 

including developing fish habitat relationships. 
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Undercut Banks 

The undercut bank field method is used to quantify undercut banks in the main channel and large side channels.  

The field method did not exist as a standalone inventory until 2012 when it was removed from the fish cover 

methodology.  Following the adoption of this category, the methods for measuring undercut banks changed 

substantially in 2013 and 2014 in attempts to improve unit metric calculations, reduce inconsistencies among crew 

members, improve repeatability of identifying undercuts, and reduce errors associated with field judgment calls.  

A major shortcoming of the method is that many undercuts that provide excellent fish cover may not be included 

in the inventory due to the instructions of only measuring undercuts if they occur within one meter above water 

surface.  Undercut banks are often found under terrace bank overhangs associated with streambanks with 

extensive rooting densities that extend more than one meter above low flow conditions.   

The undercut bank field method generates metrics of percent undercut by area and by length.  The metrics are 

reported as percentages greater than 100%, which is confusing when trying to utilize the data for applied 

purposes.  The metrics are generated based on the wetted channel boundary, which will vary depending on the 

discharge at the time of survey.  This temporal variability in addition to observer error is displayed within the 

large sampling variation of the replicate QC visit data.  In addition to the significant field method changes, the 

observer error and temporal variability affect the metric values for CHaMP’s primary site surveys, which are also 

associated with high observed variability.  The low metric accuracy excludes the utility of the data for trend 

analyses and applications that require high accuracy.  Data may have value for indicating presence or absence of 

undercut banks, especially if undercuts are considered within the context of land use and stream classification 

specific to laterally-extended stream types in alluvial valleys (e.g., Rosgen C3 and C4 stream types). 

Particle Size Distribution 

The field method for particle size distribution uses a gravelometer to classify the b-axis of each particle to 

determine the D16, D50, and D84 particle sizes of the substrate; 10 cross-sections are selected where 11 

particles are classified into a size class.  Riffles (i.e., Fast Water Turbulent) are given the highest priority when 

selecting the 10 cross-sections; however, for reaches that have less than 10 riffles and not enough riffle length 

to sample at 10 cross-sections, Fast Water Non-Turbulent areas are used.  A limitation to the field method is 

selecting cross-sections in both riffle and Fast Water Non-Turbulent areas, which have different bed 

roughness elements.  Thus, combining the measured substrate values from both areas limits the applied 

biological and physical value of the generated particle sizes. 

Additionally, subjectivity is inherent in the methodology as observers select the cross-section locations for 

sampling.  Consequently, resurveys will not sample particles at the same transect location, and therefore any 

between year changes in the substrate values may be due to sampling location rather than a true change in 

the particle size distribution of the site.  As shown previously, the ability of survey crews to consistently 

classify Fast Water Turbulent and Fast Water Non-Turbulent units is limited, and thus sampling may not 

occur within appropriate features.  Further limitations include significant field methods changes in 2012 and 

2013, including reducing the sampling size from 210 particles to 110 particles. 

Although particles are measured rather than visually estimated, measurements are not repeatable likely due to 

sampling in different locations.  Variation in measurements span major size class categories (i.e., sand, gravel, 

cobble, and boulders), which limits the utility of the data for applications that require high accuracy, including 

trend analyses.  The inability to repeat measurements in addition to reducing the number of observations in 

2013 results in high variability in the CHaMP dataset.  It is critical that the ranges of variability are considered 

when using the metrics for modeling and other applications.  For example, resurveys of the same site were 
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commonly associated with 50 mm differences in the D84 values; for hydraulic modeling, differences of 50 mm 

will greatly impact roughness calculations and associated velocity estimates.  

Cobble Embeddedness 

The cobble embeddedness field method is used to assess the percentage of fines surrounding cobble.  The field 

method changed markedly over time in attempts to reduce observer variability.  However, the variability 

between observers remains high because the method relies on ocular estimates.  Though embeddedness is 

referred to in the scientific literature, the metric is insufficiently supported to be considered a standard metric 

in habitat condition assessments.  Embeddedness is difficult to measure with confidence, validated methods 

are lacking, and there is no common precise definition of embeddedness.   For these reasons, embeddedness 

has been largely replaced by more quantitative techniques, such as pebble counts.   

Evaluation results show extreme variation and the inability to obtain repeat measurements during replicate QC 

visits; therefore, this variation is due to observer error rather than condition change.  As such, the primary 

survey data are extremely variable with no clear relationships.  Because of extreme observer variability and 

changes in field methods, we conclude that the embeddedness substrate metrics do not accurately quantify 

habitat status and trends.  In addition, without measurements of stream condition (e.g., sediment producing 

land use disturbance), results of the metric are difficult to interpret from a management perspective.  Therefore, 

we see no practical application of the cobble embeddedness metric for any applied purpose. 

Auxiliary Survey: Site Level Attributes 

Solar Input 

The solar input methodology is associated with capturing images at the center of the main wetted channel at 

all odd numbered transects using the Solmetric SunEye device to ultimately determine the amount of solar 

radiation entering the stream channel.  Solar input data readings increased from five in the 2011 methodology 

to eleven in 2012 to better represent solar input distribution throughout the sites.  The method generates a 

solar access summer average metric.  Although there is clearly sampling variation inherent in the solar input 

data, it does appear that the dataset has some value for broad-scale modeling efforts. 

Riparian Structure 

The riparian structure field method quantifies the effective areal cover, size, and type of riparian vegetation at 

each site.  Visual estimates within a 10 m by 10 m plot on right and left banks are made at transects 1, 6, 11, 

and 21.  Estimates are made for the canopy, understory, and ground cover layer.  The percentage cover for the 

canopy layer are recorded by vegetation type (i.e., coniferous, deciduous, broadleaf evergreen, and dead 

woody vegetation) and by size (i.e., large trees (> 3.0 m diameter) and small trees (< 3.0 m diameter).  The 

percentage cover in the understory layer is recorded by vegetation type (i.e., coniferous trees or shrubs, 

deciduous trees or shrubs, broadleaf evergreen, forbs and grasses, and dead woody vegetation).  The 

percentage of ground covered is recorded by category type (i.e., trees, woody shrubs and tree seedlings; forbs 

and grasses; bare dirt; duff or woody debris; and rock).  Field method changes include reducing the sample 

size in 2016 and definition changes in 2012, which limit the ability to compare interannual datasets among the 

surveys.  Crew member familiarity with vegetation will also likely influence measurements in addition to the 

obvious observer error that results from visual estimates. 

As expected, the field method is not highly repeatable with large absolute errors, particularly for the percent 

ground cover, understory, and woody metrics that combine numerous categories.  The observer error carries 

through to the primary CHaMP sites surveys to quantify habitat status and trends.  In addition to the high 
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sampling variation, changes in the field methods are likely displayed within the large metric variation.  Thus, 

interannual differences in metrics do not reflect true changes to the riparian vegetation structures.  The weak 

relationships present in most of the metrics preclude the data from being used for applications that require high 

accuracy; however, most metrics have utility for general applications, such as presence/absence of the metric.  

Nonetheless, without classifying the riparian area by the potential vegetation type (e.g., community type, 

habitat type), the interpretive value is limited regarding all aspects of the riparian inventory. 

Water Temperature 

Continuous water temperature data is collected for CHaMP sites using water temperature sensors.  Overall, 

the water temperature data are among the most robust and valuable habitat data collected as part of the 

CHaMP program. 

Stream Discharge 

The CHaMP discharge method measures depth and velocity at increments along a cross-section to calculate 

the discharge (Q) of the site at the time of sampling.  Measurements of stream discharge use standard 

techniques.  Overall, we are confident that the method produces accurate data representative of discharge at 

time of survey.  Low variability (with a few exceptions) is shown within the measurements conducted at 

replicate QC sites; the variability that is present is likely due to actual condition (i.e., discharge) changes at 

time of survey (i.e., temporal variability).  Similarly, the high variability displayed for CHaMP’s primary 

surveys likely reflects true differences in discharge; however, the dataset cannot be used for trend analyses 

because the discharge at time of survey is not related to a specified water stage or baseflow conditions.  

Without a stage recorder (pressure transducers) to track seasonal changes in streamflow, impacts to fish 

populations and migration, water temperature spikes, or changes in water quality concentrations due to 

altered streamflows and diversions cannot be adequately explained.   

Water Chemistry: Conductivity & Alkalinity 

CHaMP measures conductivity, instantaneous water temperature, and alkalinity at the upstream end of 

sites within flowing water near the center of the channel using standard methods.  Replicate QC survey 

data for conductivity and alkalinity suggest there is considerable sampling variation for both metrics.  This 

large variation is questionable as surveys are taken during lower flow periods rather than during runoff 

where large variability can be expected; meter calibration may be responsible, or the variation may reflect 

the true stochasticity in the water chemistry values themselves.  Nevertheless, there is clearly a positive 

relationship between observations, suggesting that the data has value for general applications (e.g., 

modeling) where imprecise but informative data are useful. 

Macroinvertebrate Sampling 

The macroinvertebrate sampling method is used to collect a quantitative sample that describes the 

abundance and composition of macroinvertebrates actively drifting in the water column and at the surface 

of the stream.  Biomass samples are taken immediately upstream of survey sites.  The macroinvertebrate 

sampling method produces a drift biomass metric.  The field method is intended to provide an estimate of 

forage availability; however, the methods changed multiple times in 2012, 2013, and 2014 with attempts to 

improve the quality of the data.  The drift methodology was eliminated in 2013, then reintroduced in 2014 

with alternative methods to improve collection techniques and results.  The changes are significant and 

impact the ability to accurately quantify status and trends.  Based on information gathered in interviews 

with CHaMP staff, it also appears that drift samples were challenging, expensive, and were dropped in 2017 

largely due to significant measurement noise within the datasets.  Furthermore, differences between biomass 
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drift may be due to temporal variation since aquatic and terrestrial drift/forage relationships change 

seasonally; drift and forage behavior also likely varies among time of day.   

Overall, potential concerns with the drift biomass data are clearly manifest in the observed data.  Unfortunately, 

there is no relationship between subsequent observations within a year or across years.  Overall, the drift 

biomass data appear to be almost entirely unrepeatable.  As such, use of the dataset for status, trend, and general 

applications is not recommended.  The extreme variation in this data is particularly concerning given that it is a 

primary input in Net Rate Energy Intake models used to predict juvenile salmon abundance. 

Results of the Inference Design Evaluation 

As part of the 2008 BiOp, CHaMP was specifically tasked with collecting habitat status and trend data at 

watershed scales to inform and evaluate the effectiveness of management/restoration actions.  CHaMP was 

therefore developed to quantify overall habitat status at a watershed scale, habitat status at a reach scale, and 

habitat trend over time (both reach and watershed scales).  The inference design and statistical methods 

associated with CHaMP’s status and trend design are well-developed.  However, CHaMP’s inference design 

appears to be limited by statistical power at the watershed level.  It remains unclear whether detailed survey data 

at selected CHaMP reaches is appropriate for watershed status and trend assessments – the variation around 

watershed-level estimates is large, and thus power to detect significant change (due to land use, restoration, or 

otherwise) appears limited.  Beyond inference design, reporting metrics that are watershed averages provides 

little direction and information for habitat restoration, management, and effectiveness monitoring.  For example, 

if the metric for the D84 substrate particle size showed a statistically significant increase of 20 mm in the Lemhi 

basin, how does this inform or direct restoration, management strategies, or effectiveness monitoring?  The 

apparent shortcomings with status and trend data relate more to CHaMP’s overall study design and lack of a 

stringent stratification to minimize variance when analyzing and interpreting the data for management and 

restoration purposes. 

DISCUSSION 

“Explaining” the Results 

A retrospective review of CHaMP highlights additional issues not described within the results that inhibited 

CHaMP’s long-term success, including: 

• A clear and unified vision for CHaMP appears to have been lacking at the time of development with 

major disconnects in communication throughout implementation 

• Scientific investigation and technical questions related to CHaMP were not posed by project management 

until mid-way through implementation, necessitating shifts in project direction and aim over time 

• CHaMP was initially proposed as a pilot project for select watersheds, but legal requirements 

necessitated larger implementation, prohibiting the opportunity to address major shortcomings with the 

program and demonstrate effectiveness prior to widespread implementation 

• Review of the CHaMP protocol in 2011 by ISRP (Independent Scientific Review Panel) highlighted 

numerous concerns that were ultimately not rectified, including the appropriateness of GRTS random site 

selection to address habitat restoration effectiveness, rigorously field testing non-standard data collection 

methods, investigating the appropriateness of “upscaling” site-level indicators to the watershed level, and 

clearly linking field methods and indicators to the factors causing habitat degradation 

• Data metrics are generated automatically using a scripted computer program with automated QA/QC 

processes with no analyses of the reach-level data by individuals intimately familiar with the data; 

this greatly limits quality control as end users are unlikely to identify major errors   
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• The study design focused too heavily on modeling applications without incorporating restoration-driven 

concepts to understand departure of impaired systems from potential, functioning conditions and 

identify human-induced limiting factors of salmonid habitat 

Overall, a better integrated and collaborative approach (including Federal, State, and Tribal agencies), with 

robust peer-review from researchers and practitioners, is strongly encouraged if future habitat assessment and 

monitoring programs are implemented in the Columbia River Basin. 

RECOMMENDATIONS 

If CHaMP is to continue, recommendations for CHaMP’s study design components are provided in addition to 

outlining a watershed-based study design for future efforts.  The recommendations are founded in proven field-

based techniques that have been successfully applied to a wide range of restoration and monitoring projects.  The 

focus of recommendations is to realign status and trend methods to provide useful tools that directly foster 

restoration and monitoring of ESA-listed salmonids and directly engage stakeholders in restoration planning. 

Recommendations for CHaMP’s Spatial/Temporal Design 

Our evaluation identified significant spatial/temporal design changes in the John Day, Upper Grande Ronde, 

Lemhi, Entiat, and Methow river basins; therefore, trend data in these basins should be appropriately partitioned 

spatially (i.e., focus only on sites with replicated visits) or temporally (i.e., conditional on when the significant 

design changes occurred) during any watershed level upscaling exercise. 

Site Selection 

Because of the widespread human footprint (i.e., land uses, ownership, recreational uses, stakeholders, etc.) 

within watersheds of the Columbia River Basin, a more stringent classification of each watershed by stream type 

and condition should be employed in addition to the current stratifications by valley segment and ownership 

type.  This would eliminate sites selected for CHaMP monitoring that have multiple stream types and conditions, 

which greatly reduces the interpretive power of habitat quality based on reach-averaged metrics.  However, we 

recommend an entirely different approach be taken for site selection based on a spatially-continuous, watershed-

based sampling design rather than a random selection design.  

Survey Frequency 

We recommend that CHaMP sites be surveyed on a site-to-site basis based on the goals of the survey inventory 

and the nature of the site.  Monitoring plans must be created specifically for each site based on the likelihood of 

detecting change and the level of detail required for specified purposes as related to post-treatment 

effectiveness monitoring, biological and physical river assessments to direct restoration or management actions, 

validation of prediction methodologies, assessment of population dynamics, and/or status and trend goals. 

Recommendations for CHaMP’s Response Design 

Channel Unit Classification 

In addition to classifying riffle (i.e., Fast Water Turbulent) and pool (i.e., Slow Water/Pool) units, it is essential to 

ensure that glide and run features are appropriately classified within riffle-pool systems as they do not fit the 

descriptions of any Tier I channel units. 
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Topographic Survey 

Due to the significant amount of metrics that relate to the bankfull discharge or elevation, it is essential that 

bankfull is given a high priority in training and within the CHaMP protocol to ensure that the bankfull 

elevation is consistently identified among crews.  The field-identified bankfull stage must be validated using 

regional hydrology curves developed by hydro-physiographic province.  Once the bankfull stage is 

determined, this bankfull elevation must be surveyed into permanent benchmarks for resurvey consistency.  

It is imperative that resurveys use the same bankfull elevations as a control in their survey to identify true 

changes in channel morphology. 

Furthermore, we rarely use reach-wide morphological metrics, and thus we recommend further analyses of 

the DEMs to generate standard variables stratified by stream type, condition, and bed feature.  Longitudinal 

profiles and cross-sections for given bed features can be extracted from topographic survey data.  Typical 

dimension variables for a given bed feature (i.e., riffle, run, pool, glide, step) include bankfull cross-sectional 

area, width, mean depth, maximum depth, and width/depth ratio representative of given bed feature; in 

addition to average water surface slope, additional profile variables include low flow facet slopes and 

maximum depths by bed feature and riffle length, pool length, and pool spacing.  These standard variables 

are used in many morphological, sedimentological, hydraulic, and biological analyses.   

Even with further analyses, however, the DEM is not accurate enough to detect the level of geomorphic change 

at specific features necessary for trends and analysis of geomorphic function.  Thus, we recommend future 

surveys supplement the topographic survey with a typical geomorphic survey containing permanently 

monumented cross-sections (multiple cross-sections per bed feature to obtain range of values).  Monumented 

cross-sections allow for resurveys to be replicated by taking numerous points along the cross-section at the same 

locations to clearly outline the channel boundary and identify geomorphic change at a higher accuracy than 

found when cutting a cross-section from the CHaMP DEMs.  We consistently use both topographic surveys and 

geomorphic surveys (detailed cross-section and longitudinal profile) for river assessment and restoration. 

Channel Unit Level Attributes 

Fish Cover 

We recommend using fish cover metric values with caution when quantifying fish habitat status and trends as the 

metric values include large amounts of measurement error.  Assessments of fish cover should be put into a context 

of naturally-functioning reference conditions, stream types, and land use.  This would allow for more meaningful 

comparisons of high quality fish cover (reference conditions) with areas impacted by land use or other human or 

natural conditions that reduce or simplify fish cover.  In addition to these fundamentals, recombining original 

metrics (large instream wood, boulders, and undercut banks) and some measure of pool habitat into the definition 

of fish cover would improve the utility of the metrics.  The inclusion of these metrics would return fish cover to a 

more standard, understandable, and relevant dataset that relates to and defines fish cover. 

Large Woody Debris (LWD) 

Inventories of instream wood should include a classification of the riparian area by potential 

community/habitat type to expand ecological interpretations.  From both a short-term (e.g., active) and long-

term (e.g., passive) restoration perspective, it is important to understand the departure of the existing LWD 

condition from potential condition.  Where instream wood is present, putting it into a context of plant 

succession or seral stage and the existing and potential of the forest community would help gage the presence, 

volume, or recruitment of large wood into the channel.  The size of wood (length and diameter) could be put 

into a context of stream type, bankfull width, forest type, and land use to assess the habitat condition. 
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Undercut Banks 

Surveys based on wetted area represent a moving target in terms of undercut banks both laterally and 

vertically depending on the stage of the stream.  If percent area of undercut banks were put into the context of 

the bankfull area rather than wetted area, the variance around estimates of percent cover would be reduced 

(assuming quality assurance/control of bankfull identification).  We also recommend that data prior to the 

2014 surveys be analyzed further and potentially eliminated from trend estimates due to the significant field 

method changes that were made previously. 

Additionally, undercut bank inventories should be included within instream cover assessments.  Undercut bank 

interpretations would also be improved if considered within the context of natural stream functioning (e.g., 

reference versus impairment), and thereby would provide a basis for restoration, including the effects of land 

use on undercut banks.  Also, the qualification of one meter limit above water surface should be eliminated as 

many undercut banks occur on meander bends where the terrace bank is often higher than the one meter limit.  

Thus, this limit would underestimate the amount of undercut streambanks available for salmonids. 

Ocular Substrate Composition 

For status and trend analyses, accurate data can be produced from standard Wolman pebble counts using a 

ruler and conducted at the exact locations throughout all surveys.  Subjective estimates must be avoided in 

favor of measured particle counts.  Also, the counts should be conducted within the bankfull channel limits 

rather than the wetted channel area, which varies based on discharge and time of survey.  The current dataset 

should only be used for general applications that do not require high measurement accuracy or that do not 

pertain to specific channel units or bed features. 

Pool Tail Fines 

Although particle sizes less than 2 mm and less than 6 mm are appropriate to assessments of fine sediment in 

spawning areas, the ocular grid method is not preferred largely because of error associated with ocular 

estimates.  The use of pool tail fine metrics for quantifying status and trends and other applications that require 

a high level of accuracy is not recommended.  To improve data quality, 100-count Wolman pebble counts can 

be used to measure particle sizes for substrates in spawning areas (glide or riffle habitat).  However, due to the 

development of a pavement (coarse) and sub-pavement (finer) in streambeds comprised of heterogeneous 

materials, a common and more accepted method to answer specific questions related to substrates and 

spawning site quality is obtained through McNeil core samples. 

Particle Size Distribution 

Particle size distributions determined from the Wolman pebble count procedure (100 count) should be 

sampled from a specified bed feature location (rather than averaging multiple locations) so that future surveys 

can be replicated at the exact location (increase repeatability to accurately detect trends).  Rulers should be 

used rather than gravelometers to accommodate linear-shaped particle sizes where the average of the a-, b-, 

and c-axis is recorded.  For habitat monitoring, restoration, and management purposes, multiple pebble count 

surveys are typically conducted at permanently-monumented cross-sections (multiple cross-sections for each 

bed feature) to correspond with accurate estimates of geomorphic change. 

Cobble Embeddedness 

We see no advantage in using the cobble embeddedness metrics to relate to spawning habitat due to the 

inability to accurately quantify status and trends; other methods and metrics such as Wolman pebble counts 

at permanent sites and McNeil core samples correlate much stronger to spawning habitat and fisheries 

responses.  Embeddedness could be visually estimated and categorically ranked (e.g., high, moderate, low) 

in field notes or documented in photographs. 
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Site Level Attributes 

Riparian Structure 

General assessments of the riparian structure are adequate in habitat quality assessments if considered within 

the context of existing and potential vegetation with corresponding assessments of species composition of the 

overstory, understory, and ground cover layers.  Also, smaller woody material should be better described and 

incorporated within CHaMP.  The riparian conditions should also be assessed in terms of land use impacts 

(i.e., roads, farming, grazing practices, vegetation conversions, timber harvest, fires, floods, and direct 

disturbance).  Ultimately, such information could supplement other critical habitat information to direct 

management strategies and restoration related to habitat quality and river function. 

Water Temperature 

We recommend continuing water temperature data collections and sharing the dataset and CHaMP 

temperature model through an easily-accessible platform with local watershed groups and others. 

Stream Discharge 

Streamflow measurements and data should be significantly expanded for problem-solving needs associated 

with water withdrawal, dewatering, and minimum instream flow requirements for streams.  Stage and 

discharge should be continuously monitored using pressure transducers and data loggers for sites where 

instream flow depletions exist, and thus where stream discharge may be a critical habitat limiting factor.  In 

this way, the impacts of streamflow depletions can be assessed to determine whether there are sufficient 

flows during baseflow periods to provide natural biological function. 

Water Chemistry: Conductivity & Alkalinity 

We recommend evaluating specific land uses such as mining that may require additional water quality 

parameter sampling including toxic metals.  Water quality measures should be expanded from alkalinity and 

conductivity based on land use impacts to include N, P, DO, pH, and pesticides to help identify pollutants and 

impairments to inform mitigation actions and restoration planning.  Regardless, the water quality parameters 

should reflect the source of the potential pollutants. 

Macroinvertebrate Sampling 

From a water quality and restoration perspective, it would be better to collect and analyze benthic invertebrates 

from the substrate using more standard samples (e.g., kick net or surber samplers with replicates) in a repeatable 

manner to assess aquatic invertebrate production and food habits.  This would also accommodate other restoration-

related information needs (e.g., reference versus degraded stream conditions, water quality impairments such as 

sediment and organic enrichment, land uses, and riparian habitat) associated with various biotic indices. 

Recommended Watershed-Based Study Design 

We recommend a watershed-based study design as a framework to help direct the recovery of the Chinook Salmon 

and Steelhead within the Columbia River Basin and to monitor the effectiveness of restoration and management 

actions.  This approach fundamentally differs from the existing CHaMP study design that uses detailed 

inventories at the reach level that are then upscaled to assess watershed conditions.  In contrast, the watershed-

based approach initially assesses both biotic and watershed conditions to identify human-induced limiting factors 

and develop a master restoration plan that identifies locations to conduct detailed inventories to direct restoration 

and management treatments in high-priority areas.  We recommend first identifying high-priority watersheds 

within the Columbia River Basin followed by implementation of the watershed-based approach within these 

high-priority watersheds.  The watershed-based approach consists of seven phases as outlined in Figure i.  
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Figure i.  The framework and seven phases of the watershed-based approach for assessment and restoration of 
river systems and salmonid habitat/population recovery. 
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CONCLUSIONS 

We respect and applaud the extensive efforts to implement the CHaMP program, including exceptional 

coordination, training, and consistent applications with experienced personnel.  However, we discovered 

shortcomings that hinder the ability of CHaMP to successfully meet the overarching RPA (56 and 57) 

actions of: 

• Monitoring and evaluating tributary habitat conditions and limiting factors (RPA 56), including: 

‒ Quantifying relationships between habitat conditions and fish productivity (limiting factors) to 

improve development and parameterization of models for planning and implementation of habitat 

projects (RPA 56.1) 

‒ Implementing habitat status and trend monitoring as a component of pilot studies in various 

watersheds (RPA 56.2) 

‒ Facilitating an ongoing collaboration process to develop a regional strategy for habitat status and 

trend monitoring for key ESA fish populations (RPA 56.3) 

• Evaluating the effectiveness of tributary habitat actions (RPA 57) 

Regarding RPA 56, the CHaMP program has numerous limitations that impede efforts to accurately 

describe tributary habitat conditions and identify limiting factors.  CHaMP’s study design and field data 

collection do not explicitly address adverse human alterations or otherwise directly facilitate restoration 

actions, including the ability to identify human-induced limiting factors for target salmonids.  Various 

CHaMP habitat metrics clearly lend themselves to limiting factors analyses (e.g., pool frequency, channel 

complexity, fish cover, LWD volume, stream temperature, riparian vegetation), yet relevant metrics that 

more directly apply to human-induced impairment (e.g., bank stability, benthic invertebrate communities, 

DO, nutrients, Rosgen Classification, pesticides, and heavy metals) were excluded from CHaMP for 

varying reasons.  Lacking this type of information, the eight habitat attributes that affect the growth and 

mortality of salmonids identified in the CHaMP protocol (i.e., food, temperature, activity, starvation, 

predation, physical processes, water quality, and migration barriers) cannot be readily described in applied 

restoration terms or readily applied to restoration planning. 

Similarly, CHaMP’s study design parameters do not incorporate human-related habitat conditions (e.g., 

impaired streams versus reference streams) or consider the nonrandom and often patchy nature of human 

impairments within and among watersheds (e.g., EPA’s 303d impaired streams, diversion points, mining 

areas, agricultural bottom lands).  While CHaMP includes important habitat metrics that help describe 

anthropogenic aspects of habitat condition (e.g., riparian structure, instream fine sediment, water 

temperature), human land-use metrics that are also critically important are not included (e.g., overgrazed 

riparian areas, dewatering, and water quality impairments).  Efforts must utilize existing research available 

within the BiOp mitigation area to better focus restoration to specific problem areas.  The negative effects of 

harvest, hatcheries, habitat, and hydroelectric facilities on anadromous salmonids in the Columbia Basin 

represent one of most extensive bodies of scientific literature in fisheries biology.  Applied research specific 

to essential life history tactics, habitat conditions and requirements of anadromous salmonids, and human-

induced limiting factors have all been identified as a basis for advancing the concepts of restoration 

planning and implementation. 

Regarding RPA 56.1, although we did not explicitly investigate CHaMP-related models (NREI, HSI, QRF 

models), carrying capacity predicted from the NREI model was correlated with observed Steelhead 

densities at the reach level, and the NREI model has been used for planning and implementation of habitat 

actions.  However, the complexities inherent in CHaMP models along with absence of anthropogenic 
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stream condition data currently preclude widespread use of the tools by many field practitioners.  

Appropriate use of these tools requires better scientific communication of the models, their data inputs and 

assumptions, and model validation. 

In relation to RPA 56.2, CHaMP was implemented as a habitat status and trend monitoring program in eight 

pilot watersheds from 2011 through 2017.  However, field method changes and high sampling variability and 

errors (e.g., subjective field methods and temporal variability) limit opportunities to directly compare 

interannual surveys and accurately quantify habitat status and trends.  Nevertheless, much of the data can be 

used for local and general habitat assessments with further analyses to improve metric values; further 

analyses include stratifying data by fluvial landscape type, stream type, condition, and bed feature (e.g., 

rapids, riffles, runs, pools, glides, steps) to help explain variance.  Additionally, the DEMs can be reanalyzed 

to produce usable metrics for various assessments and have excellent utility for modeling applications.  Much 

of the auxiliary data can also be used for management, restoration, and modeling applications, including 

water temperature, conductivity, large woody debris, measured substrate, and discharge.  However, specific 

metrics were found to be largely unrepeatable and not standard to habitat assessments; these metrics should 

be eliminated from the dataset, including estimates of cobble embeddedness, certain fish cover elements, Fast 

Water Non-Turbulent channel units, and macroinvertebrate drift.  We also see no value in the “upscaled” or 

“rolled up” metrics that are intended to describe the watershed condition. 

Pertaining to RPA 56.3 — facilitating an ongoing collaboration process — we find that obtaining and 

applying CHaMP data has been difficult for many practitioners working toward solving on-the-ground 

problems that exist within CHaMP watersheds.  Unfortunately, CHaMP data is unused by many 

practitioners within the restoration community.  Reasons for this include the difficulty in obtaining data 

through the database or CHaMPmonitoring.org, the complex format of the underlying data (e.g., GIS-based 

topographic survey data), and the questionable utility of certain data from an applied perspective. 

Regarding RPA 57, we find that CHaMP’s study design (i.e., frequent sampling of sites randomly selected 

using GRTS) is poorly suited to evaluate the effectiveness of tributary habitat actions.  However, we do 

recognize certain restoration sites were added to the core CHaMP sampling frame for this purpose. 

To meet all RPA action items, we recommend that future efforts use a more efficient, practical, and cost-

effective watershed-based approach to produce more accurate data that is useful for both restoration and 

modeling applications.  This watershed-based approach has been successfully applied for decades to assess 

and restore river systems and salmonid habitat, including assessment, restoration, and 30 years of monitoring 

within the Blackfoot River Basin in Montana.  Future efforts must be aimed at understanding the human-

induced limiting factors of salmonid habitat and must include stakeholder involvement.  Geomorphic and 

biological assessments conducted at multiple spatial scales are critical to understand the sources of 

impairment and associated consequences as related to potential, functioning conditions.  Following such 

assessments, and based on the biological values and social conditions, restoration and management strategies 

can be prioritized and prescribed (with effectiveness monitoring) to offset the habitat limiting factors and 

ultimately assist in the recovery of high-valued fish populations. 
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A TECHNICAL REVIEW OF THE COLUMBIA RIVER HABITAT 
MONITORING PROGRAM’S PROTOCOL, DATA QUALITY & 

IMPLEMENTATION  
 

In response to the 2008 Federal Columbia River Power System (FCRPS) Biological Opinion (BiOp), 

and as a means of offsetting the mortality of salmonids imposed by the FCRPS, the Columbia Habitat 

Monitoring Program (CHaMP) was developed in 2010 to address reasonable and prudent alternatives 

(RPA) (RM&E Workgroup, 2010; Bouwes et al., 2011; CHaMP, 2016); these RPA actions include: 

• Monitoring and evaluating tributary habitat conditions and limiting factors (RPA 56), including: 

‒ Quantifying relationships between habitat conditions and fish productivity (limiting 

factors) to improve development and parameterization of models for planning and 

implementation of habitat projects (RPA 56.1) 

‒ Implementing habitat status and trend monitoring as a component of pilot studies in 

various watersheds (RPA 56.2) 

‒ Facilitating an ongoing collaboration process to develop a regional strategy for habitat 

status and trend monitoring for key ESA fish populations (RPA 56.3) 

• Evaluating the effectiveness of tributary habitat actions (RPA 57) 

Bonneville Power Administration (BPA) coordinated with the National Oceanic and Atmospheric 

Administration (NOAA) and other regional agencies to implement CHaMP as a statistically 

rigorous and consistent habitat survey protocol in watersheds across the Columbia River Basin that 

have perceived habitat impairments (Bouwes et al., 2011; CHaMP, 2016).  The CHaMP protocol was 

developed to capture habitat attributes that influence the demography of salmonid populations, 

including egg-to-fry survival, the growth and survival of juveniles, and the survival and 

reproductive success of adults/spawners (Bouwes et al., 2011).  CHaMP is intended to measure 

direct and indirect habitat attributes related to the limiting factors of food, temperature, activity, 

starvation, predation, physical processes, water quality, migration barriers, scour, and dissolved 

oxygen (Bouwes et al., 2011); the specific species of interest are anadromous Chinook Salmon and 

Steelhead as listed under the Endangered Species Act (ESA).  

This report provides a technical review of CHaMP to determine how well the program meets the 

intended goals associated with RPA 56 and RPA 57; the report documents the approach and 

methods used in our evaluation and provides results, discussions, and recommendations.  The 

evaluations and recommendations are based on our collective experience in developing, 

implementing, and monitoring habitat restoration and methodologies at a large watershed scale 

(e.g., Rosgen, 2006; Pierce and Podner, 2006, 2018; Pierce et al., 2007, 2013, 2014a, 2014b, 2015, 2017).  

The evaluation is organized by the four main study design components of CHaMP (Figure 1):  
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1. Spatial Design: Where samples are taken 

2. Temporal Design: When samples are taken 

3. Response Design: What and How samples are taken 

4. Inference Design: How indicators are estimated from 

site-level metrics across space and time 

We also evaluated the integrity of CHaMP habitat data, all of which are intended to be shared 

across various Columbia Basin fish management agencies, collaborators, and programs, 

including tribal, state, and federal agencies monitoring anadromous salmonids and/or their 

habitat (Bouwes et al., 2011; CHaMP, 2016).  Additionally, we recognize that CHaMP data 

collections are used for numerous modeling applications, including ecohydraulic and life cycle 

models (see ISEMP/CHaMP, 2015, 2016, 2017; Wheaton et al., 2017).  Although our review does 

not evaluate the specific models and associated assumptions and results, we identify which 

habitat metrics (or raw data products) are used in each biological model and discuss any 

potential issues that might stem from data collection problems. 

Overall, our evaluations investigate whether CHaMP meets its intended goals and specifically 

focus on determining how well: 

• CHaMP quantifies salmonid habitat status across space and detects trends through 

time across the Columbia River Basin 

• CHaMP identifies limiting factors of habitat associated with salmonid growth and 

survival and links the limiting factors to the sources of habitat impairment 

• CHaMP protocol follows design fundamentals and if it is implemented consistently 

• CHaMP data can be used for management, restoration, effectiveness monitoring, 

and modeling applications 
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Figure 1.  The primary goals and design components of CHaMP. 

 

Columbia Habitat Monitoring Program (CHaMP) 

CHaMP is being implemented as a statistically rigorous and consistent habitat survey protocol 

in watersheds across the Columbia River Basin that have perceived habitat impairments to 

meet the following primary goals:  

• Monitor & evaluate tributary habitat conditions and limiting factors (RPA 56) 

‒ Quantify relationships between habitat conditions and fish productivity (limiting 

factors) to improve development and parameterization of models for planning and 

implementation of habitat projects (RPA 56.1) 

‒ Implement habitat status and trend monitoring as a component of pilot studies 

in various watersheds (RPA 56.2)  

‒ Facilitate an ongoing collaboration process to develop a regional strategy for 

habitat status and trend monitoring for key ESA fish populations (RPA 56.3) 

• Evaluate the effectiveness of tributary habitat actions (RPA 57) 

1) Spatial Design: Where Samples are Taken 

• 45 sites selected per watershed using GRTS design (spatially-balanced random sample) 

• Sites are stratified by: 
- Ownership level (public and private) 
- Valley types (source, transport, and response valley segments) 

• 25 sites surveyed per year per watershed: 
- 15 sites are sampled annually 
- 30 sites are sampled on a 3-year rotation (10 sites on 3-year rotation surveyed annually) 

2) Temporal Design: When Samples are Taken 

3) Response Design: What & How Samples are Taken 

4) Inference Design:  How Indicators are Estimated from Site-Level Metrics 
Across a Population & Time Period 

• Channel Unit Level 

Attributes 

- Fish cover 
- Ocular substrate 

composition 
- Pool tail fines 
- Large woody debris 
- Undercut banks 
- Particle size distribution 
- Cobble embeddedness 

• Site Layout 

- New sites 
- Site revisits 

 

• Channel Segment & Side 

Channel Classification 

- Main channel & side 
channels 

  
• Topographic Survey 

- Digital Elevation 
Model (DEM) of 
topographic surface  

• Channel Unit Classification 
- Fast Water Turbulent, Fast 

Water Non-Turbulent, & 
Slow Water/Pool 

  

• Site Level Attributes  
- Site map 
- Photos 
- Solar Input 
- Riparian Structure 
- Water Temperature 
- Discharge 
- Water Chemistry 
- Macroinvertebrate 

Sampling 
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APPROACH 

To evaluate the CHaMP protocol, we reviewed numerous documents, including three annual 

ISEMP/CHaMP technical reports for 2014‒2016 (ISEMP/CHaMP, 2015, 2016, 2017), the CHaMP 

protocol for each survey year (Bouwes et al., 2011; CHaMP, 2012, 2013, 2015a, 2016), and numerous 

other CHaMP-related documents or publications (e.g., Ward et al., 2012; CHaMP, 2015b; Nahorniak, 

2017; Wheaton et al., 2017).  We interviewed field practitioners, watershed group leaders, agency 

staff, and consultants to help evaluate the CHaMP protocol and subsequent data collections (see 

Appendix A for list of interviews/correspondence with key personnel).  CHaMP datasets were also 

obtained from CHaMP personnel and CHaMPmonitoring.org for evaluation. 

In addition, the Lemhi Watershed was used as a case study for evaluating the CHaMP protocol and 

data quality with the assumption that findings within the Lemhi case study can be extrapolated to 

other CHaMP watersheds (given the time constraints of the contract, it was impossible to visit all 

CHaMP watersheds).  Specifically, we visited numerous CHaMP sites within the Lemhi Watershed 

and reviewed the field data collection methods by surveying three sites to compare CHaMP 

methods with standard methods used in river and habitat assessments and restoration (e.g., 

Harrelson et al., 1994; Rosgen, 1996, 2006).  

The evaluation was also conducted within the context of the Rosgen stream classification system 

(Rosgen, 1994, 1996), and thus specific Rosgen stream types are referenced throughout the report.  

A summary of the classification system is provided within the Recommendations for Watershed-Based 

Study Design section. 

Based on the evaluation of the CHaMP protocol and associated data, recommendations are provided 

regarding the utility of the existing data and how to better direct the recovery of native, migratory 

salmonids using a watershed-based approach that better incorporates geomorphic and biological 

assessments at various spatial scales.  The following sections include the approach we used to 

specifically evaluate CHaMP’s study design and implementation, followed by the methods, results, 

discussions, and recommendations. 

Spatial/Temporal Design 

The spatial and temporal design pertains to where and when samples are taken.  The spatial design 

selects 45 sites per watershed using the Generalized Random Tessellation Sample (GRTS) Design 

(Stevens and Olsen, 2003, 2004).  Sites are selected based on the presence of the target species 

(Chinook Salmon and Steelhead) on wadeable, perennial streams below impassable barriers that 

are safely accessible.  Sites are stratified by ownership (public or private) and valley segments 

(source, transport, or response), creating six unique subset categories that each receive four samples 

using GRTS (Bouwes et al., 2011).  The temporal design specifies that 15 of the 45 sites per 

watershed are surveyed annually and 30 of those sites are on a three-year rotation schedule (i.e., 10 

sites on panel 1 rotation, 10 sites on panel 2 rotation, and 10 sites on panel 3 rotation schedule); a 

total of 25 sites are surveyed annually.   



 
A Technical Review of CHaMP’s Protocol, Data Quality & Implementation 

5 

 

The spatial and temporal designs are intended to provide unbiased, representative samples and 

achieve a balance in site allocation across a stream network to estimate the habitat status at a point in 

time and to estimate habitat trends across time.  It is important to note that this represents the “core” 

CHaMP sampling design; in most basins, additional sites were sampled with varying intensity. 

To evaluate CHaMP’s spatial/temporal design, we investigated whether the GRTS design and annual 

and rotating panel design can be used to accurately quantify salmonid habitat status, detect trends in 

status over time, and ultimately provide robust data that can help inform habitat management, 

prioritize restoration efforts, and measure effectiveness; advantages and limitations are addressed.  

Additionally, we created an evaluation matrix to investigate the potential impacts that changes to the 

core spatial/temporal design among watersheds have on the ability to accurately quantify trends in 

status across time.  Yearly changes in the spatial/temporal design across major CHaMP watersheds 

were reviewed, as described at https://www.monitoringresources.org/Designer/Design/Index.   

Response Design 

The response design pertains to what and how samples are taken, including methods of field data 

collection and their associated data output.  Field instructions describe how crews identify 

sampling locations and classify channel segments, side channels, and channel units.  Topographic 

surveys are conducted to generate 3D Digital Elevation Models (DEMs).  Last, auxiliary surveys are 

conducted to obtain channel unit level attributes (i.e., fish cover, ocular substrate composition, pool 

tail fines, large woody debris, undercut banks, particle size distribution, and cobble embeddedness) 

and site-level attributes (i.e., site map, photos, solar input, riparian structure, water temperature, 

discharge, water chemistry, and macroinvertebrate sampling). 

To evaluate the response design, we created matrices to assess the field methods and associated 

data.   Temporal changes in field methodology and whether methods are inherently subjective or 

subject to temporal variability (e.g., due to varying discharge) were primary areas of focus.  The 

metrics produced from the field method were further evaluated to determine whether the data 

accurately quantifies habitat status and trends.  Appropriate applications of the data for 

management strategies, restoration, effectiveness monitoring, and modeling were also assessed. 

In addition to evaluating CHaMP’s field data collection methods and associated data, we 

evaluated CHaMP’s data management processes.  Given CHaMP’s mission and the extensive 

dataset produced by CHaMP, a thorough data management plan is essential to ensure efficient 

and accurate transfer of the raw data collected in the field to the final data used in analyses and 

reports.  Data processing and quality assurance measures and processes must be well defined to 

ensure the final data product is accurate, consistent, documented, and preserved so that the data 

can inform scientific research, restoration opportunities, and other applications (Benson, 2014).  

CHaMP’s data management process follows a standardized workflow involving pre-season, field-

season, and post-season activities that include site selection, field data collection, data processing 

and analysis, data review, and publication (Figure 2).  The intent of CHaMP’s data management 

plan is to document pre-season, field-season, and post-season activities within the CHaMP 

database to provide a direct linkage with the data and to support searching of data; documentation 

is expected in both narrative and database formats (CHaMP, 2016).  Data management of the 
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datasets typically follows a programmatic-, watershed-, and visit-level hierarchy with groups of 

data identified by ‘measurements’ (Carol Volk, personal communication).  In recent sampling 

years, the site-level attributes have been included in the QA/QC processing with the introduction 

of the ‘CHaMP Workbench’. 

Figure 2.  Workflow timeline for CHaMP’s data management activities (CHaMP, 2016). 

To evaluate CHaMP’s data management, we investigated the pre-season, field-season, and post-

season processes and associated data using various resources, including: 

• CHaMPmonitoring.org (website that attaches to CHaMP database that resides and is 

managed by Sitka Tech) 

• api.CHaMPmonitoring.org (website referring to the ‘API’ (Application Programming 

Interface) that was developed to interact with the CHaMP database (same database as 

CHaMPmonitoring.org) but it does not have filtering and it is easier to access the data; 

views between api.CHaMPmonitoring.org and CHaMPmonitoring.org may differ 

depending on what level access the user has) 

• CHaMP Workbench (a tool developed to access CHaMPmonitoring.org and synchronize 

data via the ‘API’ that facilitates moving the data processing off of the Sitka servers and 

provides an improved interface for QA/QC processing) 

• MonitoringResources.org (website that attaches to a different database than 

CHaMPmonitoring.org but is also managed and maintained by Sitka Tech) 

• Provided datasets (CHaMP_All_Measurements.MDB) 

• Interviews with CHaMP personnel 

• Online documentation, including http://champtools.northarrowresearch.com/, journal 

articles, and other published documents 

From this investigation, the processing of ‘raw data’ to ‘final data’ associated with pre-season, 

field-season, and post-season activities were analyzed to identify respective data inputs, data 

created or modified, QA/QC processes, and any issues or recommendations for improvements 

(Figure 3).  The QA/QC processes were evaluated from a generalized technology and data 

management perspective for presence/absence and ease of processing.  An evaluation matrix 

was developed to rate the data processing and quality assurance measures. 

Pre-Season
(April - June 15)

‒  Project information, 

study design, & site 

evaluation metadata

Field-Season
(June 15 - September 30)

‒  Field Data Collection

‒  QA procedures

‒  Generate TIN file

‒  Upload datasets to website

Post-Season
(October 1 - October 30)

‒   Data Processing &  
Metric Generation

‒   QA & Data Review

‒   Publication
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Figure 3.  Generalized workflow of data processing from ‘raw data’ to ‘final data’. 

Inference Design 

The inference design describes how indicators are estimated from site-level metrics across space 

and time (Bouwes et al., 2011; CHaMP, 2016).  The inference design defines the appropriate 

statistical methods for the spatial/temporal design of the underlying data collection.  Because 

CHaMP developed a status and trend monitoring design that incorporates spatially-balanced, 

stratified random sampling to select sites, CHaMP uses standard mean and variance estimators 

and can also apply neighborhood variance estimators (Bouwes et al., 2011; CHaMP, 2016; 

Nahorniak, 2017).  CHaMP generates habitat indicators from site-level metrics to quantify habitat 

status and trends at two spatial scales:  reach and watershed scale (Bouwes et al., 2011). 

Status, defined as the distribution of a CHaMP metric over a specified spatial domain and time 

range, is first estimated by averaging the metric of interest at the site level to obtain a single 

average response; status can then be described at the reach scale or at the watershed scale using 

appropriate methods in the R package spsurvey (Kincaid and Olsen, 2013). 

Trend is the average of the site-level linear trend (status) for a given metric over a specified 

spatial domain and temporal range; linear trends can be estimated by regressing a given metric 

at each sampling site against time in years (Nahorniak, 2017).  Individual site-level trend 

estimates can be upscaled using appropriate statistical methods in spsurvey to estimate trends 

across larger spatial domains (e.g., across a watershed).   

Thus far, six years (2011‒2016) of trend data for key metrics are reported for selected watersheds 

(Nahorniak, 2017; https://isemp.egnyte.com/dl/S0di3F6oFp).  For sites sampled annually, trend 

estimates include six annual measurements (one for each year) for a given metric; for sites sampled 

on the three-year rotating panel, there are two annual measurements available.  It is important to 

note that three sampling points are required to statistically develop trend estimates; thus CHaMP 

was developed to conduct site sampling over nine years to allow trends to be estimated for all 

rotating panel sites.  As such, CHaMP was designed to require nine years of data to distinguish 

long-term trends from small year-to-year differences that may reflect either true interannual 

“Raw Data” 
Review Raw 

Data

Final Raw 
Data (Value 

QA/QC for Input 
Into Process)

Computer 
Processing

QA/QC 
Processing 

Results

QA/QC Failure:

Return to Raw Data 
Review

QA/QC OK

Finalize Data

Crew Selects 
"Data Approved"
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variation (process variation) or variation due to the habitat collection methods (sampling variation) 

(Bouwes et al., 2011; Nahorniak, 2017).   

Our evaluation of CHaMP includes a broad assessment of the inference design as it relates to 

meeting CHaMP’s primary goals, including monitoring and evaluating tributary habitat 

conditions and limiting factors.  

METHODS 

The review focused on using the information gathered from numerous sources to investigate how 

well CHaMP meets its primary goals and quantifies salmonid habitat status and trends across the 

Columbia River Basin for habitat management strategies, restoration, and effectiveness monitoring.  

This review first identified potential advantages and shortcomings of the study design.  We also 

developed eight evaluation matrices to investigate specific questions of whether the study design 

and associated data are adequate to meet CHaMP goals: 

1. Evaluation Matrix A:  Do changes in study design (spatial or temporal data collection) 

potentially influence subsequent descriptions of habitat status or trend? 

2. Evaluation Matrix B:  Do temporal changes in field method potentially influence the 

ability to compare interannual surveys? 

3. Evaluation Matrix C:  Does the field method produce accurate data to describe habitat 

status and trends? 

4. Evaluation Matrix D:  Is the metric standard to habitat condition assessments? 

5. Evaluation Matrix E:  Do metric values accurately quantify habitat status at a given 

point in time? 

6. Evaluation Matrix F: Do metric values produced over multiple surveys over time 

accurately quantify habitat trends?  

7. Evaluation Matrix G: Do metric values, either in current form or with further analyses, 

have utility for management strategies, restoration, effectiveness monitoring, and/or 

modeling applications? 

8. Evaluation Matrix H: How effective, consistent, and accurate are the data processing 

and quality assurance measures related to data management? 

Evaluation Matrix A: Do Spatial/Temporal Design Changes 
Influence Descriptions of Habitat Status or Trend? 

While most watersheds adopted the initial CHaMP spatial/temporal design, the sampling has 

been modified in many basins.  Matrix A evaluates temporal changes in the spatial and/or 

temporal designs among watersheds using criteria that address whether changes in design may 

influence measures of habitat status and trends.  Specific evaluation criteria include: 

a. Did the core spatial/temporal design change in any year (e.g., changes in the number of 

sites visited annually)? (no = 0; yes = 1)* 

b. Did the core spatial/temporal design change in multiple years? (no = 0; yes = 1)* 



 
A Technical Review of CHaMP’s Protocol, Data Quality & Implementation 

9 

 

c. Does the study design fail to meet or exceed the core CHaMP design of 15 annual sites 

and a three-year rotating panel of 10 sites per year for a total of 45 sites? (no = 0; yes = 1) 

d. Do changes in the spatial/temporal design potentially impact the ability to generate 

accurate habitat trends? (no = 0; yes = 1) 

* This does not include systematic changes to CHaMP design across all watersheds 

(e.g., the 10% site revisit implemented in 2016) 

The scores from a‒d are summed to generate an overall score from 0‒4.  A score of 0‒2 = likely no 

(i.e., study design changes likely do not influence subsequent descriptions of habitat status or 

trend); a score of 3 or 4 = likely yes (i.e., study design changes likely influence subsequent 

descriptions of habitat status or trend). 

Evaluation Matrix B: Do Temporal Changes in Field Methods 
Influence the Ability to Compare Interannual Surveys? 

Matrices B and C are used to evaluate the field data collection methodologies, which have also 

evolved following the 2011 pilot year surveys.  While field method changes are intended to improve 

repeatability among crews and allow for more accurate estimates of habitat status, the ability to 

compare interannual surveys may be compromised.  Matrix B evaluates whether field method 

changes potentially influence the ability to compare interannual surveys.  Evaluation criteria include: 

a. Did the field method change in any year? (no = 0; yes = 1) 

b. Did the field method change in multiple years? (no = 0; yes = 1) 

c. Do any changes in the field collection method impact the metrics generated from 

the respective field method? (no = 0; yes = 1) 

d. Are any changes in the field collection methods significant enough that the metrics 

generated before the change are likely different than the values produced after the 

change? (no = 0; yes = 1) 

Each criterion is evaluated for each field method and the associated habitat metrics.  The scores 

from a‒d are summed to generate an overall score from 0‒4.  A score of 0‒2 = likely no (i.e., field 

method changes likely do not influence the ability to compare interannual surveys); a score of 3 or 

4 = likely yes (i.e., field method changes likely influence the ability to compare interannual 

surveys).  The results of this matrix are used in Evaluation Matrix C to determine whether the 

field methods generate metrics that accurately quantify habitat status and trends. 

Evaluation Matrix C: Does Field Method Produce Accurate Data? 

In addition to changes in field data collection methods by sampling year, other factors may also affect 

measurement confidence and the ability to accurately quantify habitat status and trends.  Matrix C 

evaluates whether the field methods generate metrics that accurately quantify habitat status and 

trends or whether measurement error or bias is potentially present.  Evaluation criteria include:  



 

 

 10 

  

a. From Evaluation Matrix B, did the field methods change during the duration of the project 

in ways that influence the ability to compare interannual surveys? (yes = 0; no = 1) 

b. Is the field data collection methodology robust in the sense that it is highly repeatable from 

crew to crew and year to year (accounting for residual variation)? (no = 0; yes = 1) 

c. Does seasonal or yearly variation influence any metrics generated from the field method? 

(no = 0; yes = 1) 

d. Is the field method prone to subjectivity? (no = 0; yes = 1) 

The scores from a‒d are summed to generate an overall score from 0‒4.  A score of 0 = likely yes (i.e., 

the field method likely does generate metrics that accurately quantify habitat status and trends); a 

score of 1‒4 = likely no (i.e., the field method likely does not generate metrics that accurately 

quantify habitat status and trend).  Recommendations to improve or replace field methods and 

associated metrics will be made for the metrics that do not accurately quantify habitat status and 

trends; metrics are evaluated using Matrices D‒G. 

Evaluation Matrix D: Is the Metric Standard to Habitat Condition 
Assessments? 

The metrics produced from the field data collection are evaluated using Matrices D‒G.  Matrix D 

evaluates whether a given metric is standard to habitat condition assessments; the evaluation 

criteria include: 

a. Is the metric commonly used in habitat assessments? (yes = 0; no = 2) 

b. Does the metric represent a reach-wide (average) condition without consideration of a 

specified channel unit? (no = 0; yes = 1) 

c. If ‘yes’ for b., is the metric commonly reported by a specified channel unit or bed feature 

to account for variance? (no = 0; yes = 1); if ‘no’ for b., enter ‘N/A’ 

d. If ‘yes’ for c., can metric values be stratified by channel unit or bed feature from existing 

data? (yes = 0; no = 1); if ‘no’ or ‘N/A’ for c., enter ‘N/A’ 

e. Based on the metric definition, are metric values calculated in a standard way? 

(yes = 0; no =1) 

f. If ‘no’ for e., can a standard value be computed from existing data? (yes = 0; no = 1); 

if ‘yes’ for e., enter ‘N/A’ 

The scores from a‒f are summed to generate an overall score from 0‒7.  A score of 0 or 1 = likely yes 

(i.e., the metric is standard to habitat condition assessments), and scores of 2‒7 = likely no (i.e., the 

metric is not standard to habitat condition assessments).  For metrics that are not standard, 

recommendations will be made to replace the metric, stratify the metric by bed feature, and/or 

produce the metric differently.   
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Evaluation Matrix E: Do Metric Values Accurately Quantify Habitat 
Status? 

Matrix E evaluates whether metric values accurately quantify habitat status at a given point in 

time.  The replicate QC surveys conducted by different crews within the same year are used to 

evaluate the following criterion: 

a. Are observations subject to sampling variation stemming from observer error, 

timing of sampling, and/or equipment limitations? (no = 0; yes = 1) 

A score of 0 = yes (i.e., the metric values accurately quantify habitat status), and a score of 1 = no (i.e., 

the metric values do not accurately quantify habitat status).  For metric values that do not accurately 

quantify habitat status, recommendations will be made to improve or eliminate the metric values. 

Evaluation Matrix F: Do Metric Values Produced Via Multiple 
Surveys Over Time Accurately Quantify Habitat Trends? 

Matrix F evaluates whether metric values produced over multiple surveys accurately quantify habitat 

trends; the evaluation criteria include: 

a. Can any year-to-year changes in metric values be explained by a change in field method? 

(no = 0; yes = 1) 

b. Can any year-to-year changes in metric values be explained by a lack of crew-to-crew 

repeatability in the field data collection methodology? (no = 0; yes = 1) 

c. Can any year-to-year changes in metric values be explained by a lack of adequate QA/QC 

processes to ensure consistency and reliability of data? (no = 0; yes = 1) 

d. Can any year-to-year changes in metric values be explained by seasonal or yearly variability? 

(no = 0; yes = 1) 

The scores from a‒d are summed to generate an overall score from 0‒4.  A score of 0 = yes (i.e., the 

metric values accurately quantify habitat trends), and scores of 1‒4 = no (i.e., the metric values do not 

accurately quantify habitat trends).  For metric values that do not accurately quantify habitat trends, 

recommendations will be made to eliminate or improve metric values for trend analyses. 

Evaluation Matrix G: Do Metric Values have Utility for Numerous 
Applications? 

Matrix G evaluates whether metric values, either in current form or with further analyses, have 

utility for management strategies, restoration, effectiveness monitoring, or modeling applications; 

the evaluation criteria include: 

a. Are metric values usable in current form for applications that require a high level of accuracy? 

(yes = 0; no = 1)  

If rating = ‘yes’, skip remaining criteria and enter “N/A” in respective fields; if rating = ‘no’, 

continue with the following criteria 
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b. Are further analyses (e.g., fixing bankfull elevations based on regional bankfull hydrology 

curves, delineating values by bed feature, or eliminating outlier values) recommended to 

improve metric values? (yes = 0; no = 1) 

c. Following further analyses, are the metric values usable for application that require a 

high level of accuracy (e.g., trend monitoring)? (yes = 0; no = 1) 

d. Following further analyses, are the metric values usable for general applications that do not 

require a high level of accuracy (e.g., classification schemes and habitat condition assessments 

associated with ranges of values within the criteria)? (yes = 0; no = 1) 

The scores from a‒d are summed to generate an overall score from 0‒4.  Scores of 0‒3 = yes (i.e., the 

metric values have utility for numerous applications), and a score of 4 = no (i.e., the metric values 

likely do not have utility for numerous applications). 

Evaluation Matrix H: How Effective, Consistent, & Accurate are 
the Data Processing and Quality Assurance Measures? 

The project team focused on using the information gathered from CHaMP personnel and online 

resources to evaluate the data management processes by pre-season, field-season, and post-season 

activities.  Final datasets were also analyzed as archived within the Sitka Tech cloud 

(CHaMPmonitoring.org) (if additional datasets exist, these datasets were not evaluated as a final 

end product of the monitoring program).  Matrix H was developed to evaluate the effectiveness, 

consistency, and accuracy of the data processing and quality assurance measures related to data 

management using the following criteria: 

a. Is data documentation performed on the datasets? (yes = 0; no = 1) 

b. Is data documentation consistent across sites and metrics where appropriate? (yes = 0; no = 1) 

c. Is user documentation available to allow CHaMP personnel to effectively execute task? 

(yes = 0; no = 1) 

d. Are user group-level permissions appropriate for task? (yes = 0; no = 1) 

e. Is modified data documented? (yes = 0; no = 1) 

f. Can data be restored to raw state? (yes = 0; no = 1) 

g. Where appropriate, has automatic data documentation been implemented? (yes = 0; no = 1) 

h. Where appropriate, has automated QA/QC been implemented? (yes = 0; no = 1) 

i. Are all known datasets present? (yes = 0; no = 1) 

j. Does data management protocol reduce risk of lost data? (yes = 0; no = 1) 

The scores from a‒j are summed to generate an overall score from 0‒10; a score of 0 = very effective, 

consistent, & accurate…5 = slightly effective, consistent, & accurate…10 = ineffective, inconsistent, & 

inaccurate data processing and quality assurance measures related to data management. 
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CHaMP Datasets & Plots 

To investigate the repeatability of the field methods and the quality of the CHaMP data 

generated within the response design, we evaluated CHaMP data collected within the eight 

pilot watersheds (Entiat, John Day, Lemhi, Methow, South Fork Salmon, Tucannon, Upper 

Grande Ronde, Wenatchee) between 2011 and 2016; data from 2017 was not finalized as we 

began our evaluation in November 2017.  Our evaluations use two datasets: 1) replicate QC 

visits conducted within the same year (each QC site includes primary CHaMP survey and 

subsequent repeat surveys), and 2) CHaMP primary sites sampled annually or on a rotating 

panel (between year surveys).  Tables 1‒2 include the number of unique, replicate QC sites 

and number of QC surveys per year and by watershed; Table 3 includes the number of data-

approved, primary CHaMP sites surveyed per year and by watershed.  Figures 4‒5 display 

the locations of the between year CHaMP surveys by watershed and year.  The evaluations 

use CHaMP data downloaded February 5th, 2018, through the champmonitoring.org API; 

however, some of the bankfull channel metrics (e.g., bankfull volume) were not available due 

to the reprogramming of these metrics.  Thus, we used data sent by Carol Volk in November 

2017 to obtain the measurements not included in the February 2018 dataset.     

We produced 1:1 plots and Box and Whisker plots representative of the repeat QC surveys 

and the between year CHaMP survey sites.  In the 1:1 plots, the first survey is plotted on the 

X-axis, and all subsequent surveys are plotted on the Y-axis.  Values plotting on the line are in 

"Perfect Agreement" meaning no difference between surveys.  High variability in the replicate 

QC plots indicate the inability to repeat measurements as differences in the data likely reflect 

measurement error rather than true condition changes since the surveys are conducted within 

the same year.  This measurement error may stem from observer error, timing of sampling, 

and/or equipment limitations.  Plots comparing the day of year that surveys were conducted 

are displayed in Figures 6‒7, which may explain some of the variation within the data.  

Surveys were implemented between early June through December with numerous 

subsequent surveys not conducted within the same month or season; thus, sampling variation 

is likely present in data associated with discharge, the wetted channel, macroinvertebrate 

sampling, and water quality.  The overall sampling variation in the replicate QC plots is likely 

carried through to the plots of the between year CHaMP surveys, which are used to evaluate 

the sampling variation and overall quality of the dataset. 

The Box and Whisker plots summarize the data as absolute difference or percent change in 

metric estimates relative to the first survey.  The Box represents the data between the 25th and 

75th quartiles (50% of the values lie within the boxed area, 25% of the values lie above the 

Box, and 25% of the values lie below the Box); the line within the Box represents the median of 

the values.  The Whiskers represent 1.5 times the length of the inner quartile box; values that 

lie more than 1.5 times the length of the inner quartile box from either end are outliers and are 

represented by a data point. 
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Table 1.  Number of unique replicate QC sites sampled per year and by watershed. 

 

Table 2.  Number of replicate QC site visits (surveys) per year and by watershed. 

 

Table 3.  Number of data-approved, primary CHaMP sites by year and watershed.  

 

Watershed Name 2011 2012 2013 2014 2015 2016

Entiat 2 2 3 0 2 2 11

John Day 5 6 5 0 2 0 15

Lemhi 3 1 2 0 2 2 8

Methow 2 0 3 0 2 2 9

South Fork Salmon 2 3 2 0 2 2 10

Tucannon 3 3 3 0 2 2 11

Upper Grande Ronde 6 5 5 0 2 2 16

Wenatchee 2 1 2 0 2 2 8

TOTAL: 25 21 25 0 16 14 88

Number of Unique QC Sites Sampled per Year (all 

sites contain one primary and at least one subsequent survey)

TOTAL Unique 

Sites Across all 

Years

Watershed Name 2011 2012 2013 2014 2015 2016

Entiat 4 5 6 0 4 4 23

John Day 10 13 10 0 4 0 37

Lemhi 6 3 4 0 4 4 21

Methow 4 0 6 0 4 4 18

South Fork Salmon 4 7 4 0 4 4 23

Tucannon 6 7 6 0 4 4 27

Upper Grande Ronde 48 11 10 0 4 4 77

Wenatchee 4 2 4 0 4 4 18

TOTAL: 86 48 50 0 32 28 244

Number of QC Site Visits per Year (includes primary 

and subsequent surveys) TOTAL QC 

Visits

Watershed Name 2011 2012 2013 2014 2015 2016 Total

Entiat 75 55 75 49 49 32 335

John Day 58 92 66 46 60 20 342

Lemhi 43 50 48 25 23 27 216

Methow 24 20 25 24 14 7 114

South Fork Salmon 35 25 25 25 22 23 155

Tucannon 25 28 30 25 24 25 157

Upper Grande Ronde 54 55 69 69 54 58 359

Wenatchee 24 20 25 24 23 21 137

Total: 338 345 363 287 269 213 1,815

Data-Approved, Primary CHaMP Sites by Year & Watershed
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Figure 6.  Plot showing the day of year (Julian Day) that the replicate QC surveys 
were conducted, which may explain some variance in the CHaMP metrics. 

 
Figure 7.  Plot showing the day of year (Julian Day) that the between year CHaMP 
surveys were conducted, which may explain some variance in the CHaMP metrics. 
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RESULTS 

Results of the Spatial/Temporal Design Evaluation 

Changes in the spatial/temporal design occurred within the majority of watersheds (Table 3, 

Figure 8).  Many basins exceeded the core CHaMP study design of 15 annual sites and a three-year 

rotating panel of 10 sites per year (Table 3).  Although additional sampling was reduced in later 

years, sampling at core sites was robust.  In the Tucannon, South Fork Salmon, and Wenatchee 

river basins, significant changes in study design did not occur or were not likely to influence 

subsequent descriptions of habitat status or trend. 

However, changes in the study design were relatively extensive within the John Day, Upper 

Grande Ronde, Lemhi, Entiat, and Methow river basins.  Analyses from these watersheds must 

carefully consider the potential effects of changes in study design (sampling across space and time) 

on both habitat status and trends, and such changes should be discussed in any summary reports.  

For example, after review of the report that summarizes metric status and trend results from 2011‒

2016 (Nahorniak, 2017), we contacted M. Nahorniak to explain some of the results reported for the 

Entiat Watershed that seemed unrealistic.  M. Nahorniak explained that a major sample redesign 

that eliminated upper watershed sites occurred in 2014 in the Entiat Watershed, and consequently 

2011‒2013 data averages are not comparable to 2014‒2016 data. 

Although changes in the spatial/temporal design may impact trend analyses in the John Day, 

Upper Grande Ronde, Lemhi, Entiat, and Methow basins, this issue is likely minor relative to 

other shortcomings in the design as discussed in the following section. 

  
Figure 8.  Results of Evaluation Matrix A indicating changes in the study design by watershed. 

List all years that the spatial and/or temporal designs 

(i.e., what sites were sampled and how frequently) 

changed or N/A (Not Applicable) if no changes

2012 ‒ 

2016

2013, 

2015
N/A N/A 2014 N/A

2012 ‒ 

2014, 

2016

2015, 

2016

a. Did the core spatial/temporal design change in any 

year (e.g., changes in number of sites visited annualy)? 

(no = 0; yes = 1)*

1 1 0 0 1 0 1 1

b. Did the core spatial/temporal design change in 

multiple years? (no = 0; yes = 1)*
1 1 0 0 0 0 1 1

c.  Does the sampling fail to meet or exceed the core 

CHaMP design of 15 annual sites and a three-year 

rotating panel of 10 sites per year for a total of 45 

sites? (no = 0; yes = 1)

1 1 0 0 1 0 1 1

d. Do changes in the spatial/temporal design 

potentially impact the ability to generate accurate 

habitat trends? (no = 0; yes = 1)
1 1 0 0 1 0 1 1

DO CHANGE IN STUDY DESIGN POTENTIALLY 

INFLUENCE SUBSEQUENT DESCRIPTIONS OF HABITAT 

STATUS OR TREND? (Sum of a through d: 0‒2 = Likely 

No; 3 or 4 = Likely Yes)

4 4 0 0 3 0 4 4

CHaMP PILOT WATERSHEDS:

EVALUATION MATRIX A: Do Changes in Study Design (Spatial or Temporal Data Collection) Potentially Influence Subsequent 

Descriptions of Habitat Status or Trend?

*This does not include systematic changes to CHaMP design across all watersheds (e.g., the 10% site revisit implemented  in 2016)

Watersheds for CHaMP Sampling

MethowEntiat
John     

Day
Lemhi

South 

Fork 

Salmon

Tucannon

Upper 

Grande 

Ronde

Wenatchee
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Shortcomings with the Spatial/Temporal Design 

Overall, we found that CHaMP’s spatial/temporal design does not consider the patchy nature of 

human impairments on the landscape and the opportunity-based nature of many restoration 

projects.  Because CHaMP was specifically developed in response of the 2008 BiOP to monitor 

habitat actions intended to offset the mortality of salmonids imposed by the FCRPS (Bouwes et al., 

2011; CHaMP, 2016), not targeting restoration areas during site selection severely impedes the 

ability to evaluate the effectiveness of tributary habitat actions (RPA 57).  CHaMP’s spatial design 

also does not consider geomorphic stream type, condition, and land use disturbances, limiting the 

ability to identify human-induced limiting factors of habitat quality and link the habitat condition 

to fish populations.  The following sections discuss the specific shortcomings related to site 

selection and the number of sampling sites and visits. 

Site Selection 

The major shortcoming with CHaMP’s spatial design is related to not stratifying sites stringently 

enough using GRTS to minimize variance in selected sites.  Site selection is balanced by ownership 

level (public and private) and valley segments (source, transport, and response).  However, stream 

type and condition stratifications were not used, which result in sites that contain more than one 

stream type and/or vary in condition throughout the reach.  This is problematic as it will be difficult 

to link fisheries population data to habitat condition inferred from metrics produced from a site that 

contains multiple stream types and/or conditions.  Furthermore, sites cannot be compared in terms 

of impaired reaches versus reference reaches.  A reference reach is geomorphically- and biologically-

functioning and represents the potential condition of an impaired reach.  Geomorphic functioning 

refers to effectively transporting the sediment and flows of the watershed without aggrading or 

degrading over time; biological functioning refers to providing the potential habitat to support the 

appropriate salmonid life stages for that reach type.  Without understanding the potential, 

functioning conditions, the ability to properly identify, understand, and ultimately offset limiting 

factors of habitat is severely hindered (e.g., see reference reach and impaired reach photographs of 

the Blackfoot River, Montana, Figure 9).   

Interestingly, it is evident that the importance of stream type classification during CHaMP 

development was understood but ultimately was not incorporated into the spatial/temporal 

design.  The theoretical basis for CHaMP in Bouwes et al. (2011, p. 29) states that “Streams 

should be classified based on geomorphic criteria…such as sinuosity, entrenchment, valley 

width, etc.”  The discussion continues: 

“Work at the NWFSC shows promise for a prior stratification of a GRTS sample based on 

channel type.  Prior stratification by channel type should improve estimates of habitat 

condition, provide independent habitat condition parameters for each channel type, and 

improve the ability to extrapolate findings and make management recommendations.” 
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Figure 9.  Comparing a severely impaired, D4 stream type due to mining impacts on the Upper Blackfoot River, 
Montana, to its potential reference condition (i.e., C4 stream type located downstream on same river); we find 
it difficult to properly assess habitat limiting factors without understanding potential, functioning conditions. 

Results show that select CHaMP sites do contain more than one stream type and/or vary in 

condition throughout the study reach.  For example, Texas Creek (CHaMP site CBW05583-394703) 

in the Lemhi watershed contains two different stream types and conditions (Figures 10‒12): a 

Rosgen C4 stream type and E4 stream type.  The C4 stream type is impaired and is not functioning 

at its potential; the E4 stream type represents the potential, reference reach condition.  Combining 

data collected for these two different stream types and two different stability and habitat quality 

conditions is problematic for analysis and consistent interpretation of the data; without 

stratification by reach type and condition, CHaMP metrics associated with reach-wide averages 

may not reflect actual conditions that exist within the reach.  For example, we compared metrics 

generated from CHaMP to values produced from our 2017 geomorphic survey that stratified the 

CHaMP reach by stream type and condition on Texas Creek (CBW05583-394703); Table 4 compares 

average bankfull width to depth average values between the two surveys.  In this case, the bankfull 

width to depth average value of 13.7 from the CHaMP survey is not representative of either of the 

stream types within the reach (average width to depth ratio value of 24.15 for the C4 impaired 

reach and 10.19 for the E4 stable reach). 
 

Table 4.  Comparing data between CHaMP 2013 survey and Wildland Hydrology’s 
2017 survey on Texas Creek (CBW05583-394703), showing how CHaMP’s reach-
wide metric value is not representative of an actual condition within the site as 
indicated by stratifying the reach by stream type and condition.   

 

CHaMP 2013 Survey

C4 Impaired E4 Stable

Minimum: 15.45 10.03

Maximum: 33.00 10.38

Average: 24.15 10.19

Wildland Hydrology 2017 Survey

13.7*                                                        
*Isn't representative of 

either stream type

Texas Creek (CBW05583-394703)

Width to Depth RatioBankfull Width to 

Depth Average
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Figure 10.  Texas Creek aerial depicting location of CHaMP site CBW05583-394703 that contains two 
different stream types and conditions (E4 stable and C4 impaired stream types).  The locations of upstream 
stable and impaired stream types are also identified reach (aerial from Bing Maps, © Microsoft Corporation, 
© DigitalGlobe, © CNES (2018) Distribution Airbus DS).  
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Texas Creek (CHaMP Site CBW05583-394703) 
 

Rosgen C4 Stream Type: Impaired Condition 

 
 

Rosgen E4 Stream Type: Stable, Reference Condition 

 
 

Figure 11.  Comparison of two different stream types and conditions (C4 impaired and E4 
stable stream types) within Texas Creek CHaMP site CBW05583-394703 showing differences 
in bankfull width, mean depth, maximum depth, instream cover, undercut banks, and river 
hydraulics all for the same bankfull discharge (photos taken November 2017). 
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Texas Creek (CHaMP Site CBW05583-394703) 

                             

Rosgen E4 Stream Type: Stable, Reference Condition 

 

Rosgen C4 Stream Type: Impaired Condition 

 
 

Figure 12.  Two different stream types and conditions (C4 impaired and E4 stable stream 
types) on Texas Creek within the same CHaMP site (CBW05583-394703) showing major 
differences in habitat quality and stability due to riparian vegetation changes and bank 
stability processes (photos taken by CHaMP crew members during sampling). 
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In addition to the issues of lumping channel types, CHaMP did not address other important 

watershed characteristics that are critical in the selection of sites, including linking land use 

impacts and disturbances to stream type and conditions.  For example, an opportunity was lost 

on Texas Creek to understand the adverse physical and biological impacts (and limiting habitat 

factors) due to poor livestock grazing practices approximately 1,000 ft upstream of CHaMP site 

CBW05583-394703 (Figures 13‒14); this upstream reach is a poor condition, C4 stream type with 

an impaired riparian vegetation community from the overgrazing that resulted in accelerated 

streambank erosion.  Excess fine sediment due to streambank erosion was introduced into 

Texas Creek, and consequently, immediately downstream of the erosion, the stream type 

shifted from a C4 (gravel-dominated substrate) to a C6 stream type (silt-dominated substrate) 

(Figure 15) with obvious impacts to spawning habitat quality.  Unfortunately, the CHaMP 

protocol does not address streambank erosion processes, impeding the ability to identify habitat 

limiting factors and important sediment sources linked to land use activities.  In fact, interviews 

with agency personnel (Appendix A) from Salmon, Idaho, identified accelerated streambank 

erosion and associated increases in fine sediment due to livestock grazing and channelization as 

one of the two major limiting factors to habitat quality in the Lemhi basin.  Ideally, during site 

selection, the C4 reach impacted by grazing would have been selected in addition to the stable 

E4 reach (site CBW05583-394703).  This would have allowed the opportunity to monitor habitat 

differences between two sites with different land use activities and to assess the geomorphic 

and biological departure of the impacted C4 reach from the stable, E4 functioning reach.  The E4 

reach can further be used to directly inform habitat restoration on the C4 reach provided that 

grazing activities are well managed. 

Disturbances from streamflow diversions also affect habitat quality and must be considered 

prior to site selection.  Not considering streamflow diversions is problematic as it allows sites to 

be selected that may have flow diversions within the reach where habitat quality likely differs 

above versus below the diversion.  In fact, CHaMP site CBW05583-078287 located in the Lemhi 

watershed has a point of diversion in the middle of the reach (Figure 16).  All metrics related to 

the wetted channel will be different above versus below the diversion; however, the reported 

metrics are averaged for the reach and therefore will not identify such differences.  Interviews 

with Idaho Fish and Game and state personnel charged with restoration activities indicated that 

streamflow diversions are the second major limiting factor to habitat in the Lemhi watershed 

(also supported in Walters et al., 2013).   

Additional land use impacts or disturbances that must be identified at the watershed scale 

include those that impair water quality, such as from mining, or impact longitudinal 

connectivity, such as culverts and bridges.  Then, habitat can be better linked to fisheries data 

by understanding the sources of impairment, and areas for restoration or management actions 

can be better prioritized.  Ideally, CHaMP sites would be located above and below land use 

impacts with corresponding fisheries data to document habitat/population response and to 

inform habitat restoration. 
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Texas Creek: Photos taken ≈1,000 ft apart 
 

Rosgen E4 Stream Type: Reference Reach (within CHaMP site CBW05583-394703) 

 
 

Rosgen C4 Stream Type: Impaired Condition (≈1,000 ft upstream of CBW05583-394703) 

 

Figure 13.  Two different stream types (E4 reference reach and C4 impaired reach) within ≈1,000 ft of each 

other on Texas Creek ‒ a lost opportunity to compare habitats related to stream type and condition.  Note the 

extensive streambank erosion and fine sediment invasion due to poor riparian vegetation composition from 
grazing impacts on the C4 impaired reach (photos taken November 2017). 
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Texas Creek: Photos taken ≈1,000 ft apart 

Rosgen E4 Stream Type: Reference Reach (within CHaMP site CBW05583-394703) 

 
 

Rosgen C4 Stream Type: Impaired Condition (≈1,000 ft upstream of CBW05583-394703) 

 
 

Figure 14.  Comparing an E4 stream type, reference condition (pool feature) with a C4 impaired stream 
type with very high streambank erosion and poor riparian vegetation located ≈1,000 ft apart on Texas 
Creek (photos taken November 2017). 
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Texas Creek: Gravel Substrate vs. Silt Invasion 
Rosgen C4 Impaired Stream Type (Gravel Bed) 

 
Rosgen C6 Impaired Stream Type (Silt Bed) 

 

Figure 15.  Comparing two different stream types (Rosgen C4 and C6 stream types) on Texas 
Creek; accelerated streambank erosion resulted in fine sediment being introduced into the reach 
with a corresponding C4 to C6 stream type shift — the lower photo shows the preponderance of 
fine sediment (silt) overlaying gravels in a riffle (photos taken November 2017). 
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However, it is important to recognize that recent efforts (post-implementation of CHaMP) have 

been taken to classify geomorphic type and condition to extrapolate site-level data to the watershed 

scale using a River Styles Procedural Tree (Kasprak and Wheaton, 2012; O’Brien and Wheaton, 2015; 

ISEMP/CHaMP, 2015, 2016, 2017).  The River Styles framework subjectively delineates stream 

morphology and condition and is intended to provide context for informing restoration 

opportunities by identifying recovery potential and management plans for each CHaMP watershed 

(ISEMP/CHaMP, 2017).  Although recovery potential and management plan maps are not yet 

available for the Lemhi watershed, geomorphic condition and type maps were obtained and briefly 

analyzed (per ISEMP/CHaMP, 2017, p. 77, Table 15).  Figure 17 shows the geomorphic condition 

map based on River Styles with additional overlays of CHaMP sites and EPA’s 303d listed streams.  

However, when we look at Texas Creek as an example and analyze the geomorphic condition type 

and river style maps (Figure 18), the classifications are not accurate and misrepresent actual stream 

conditions.  Figure 19 depicts two different CHaMP sites with obvious differences in geomorphic 

type and condition; however, both were mapped as Moderate geomorphic condition.  Furthermore, 

CHaMP site CBW05583-394703 (partly a reference reach Rosgen E4 stream type) classified as 

Meandering Fine Grained, and site CBW05583-402895 (Rosgen F4 stream type) classified as a Low 

Sinuosity Gravel Bed.  However, the substrate size for both reaches is predominantly gravel (verified 

by CHaMP substrate metrics), and site CBW05583-394703 classifies as a Good condition (reference 

reach) and site CBW05583-402895 classifies as Poor condition using approaches adopted/developed 

elsewhere (e.g., Rosgen, 2006).  These two sites involving a stable, functioning E4 stream type and 

an entrenched, high width/depth ratio, impaired F4 stream type differ greatly in biological and 

physical river function, including differences in habitat quality, riparian vegetation, streambank 

erosion, water temperature, and channel morphology.  Overall, the River Styles approach does not 

provide sufficient detail to accurately describe or quantify stream morphology or condition. 

Figure 16.  Streamflow diversion in 
the middle of a CHaMP reach 
(CBW05883-078287, Lemhi watershed) 
that would change values above versus 
below the point of diversion (photo 
taken by CHaMP crew). 
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Figure 17.  Map for the Lemhi watershed showing geomorphic condition types using River Styles (courtesy of 
J. Wheaton and G. O’Brien), CHaMP sites, and EPA’s 303d-listed streams due to sedimentation impairment. 

 

Texas Creek Sites 
shown in Figure 19 
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Figure 18.  Two CHaMP sites on Texas Creek showing mapped geomorphic condition and type using the River 
Styles approach. Both sites rated as Moderate for geomorphic condition, and site CBW05583-394703 classified as 
a meandering fine grained type, and site CBW05583-402895 classified as low sinuosity gravel bed.  However, the 
substrate size for both reaches is predominantly gravel, and using approaches adopted/developed elsewhere 
(Rosgen, 2006), site CBW05583-394703 classifies as a Good condition (reference reach), E4 (gravel-bed) stream 
type, and site CBW05583-402895 classifies as a Poor condition, F4 (entrenched, gravel-bed) stream type (see 
photos in Figure 19). 

 

 

 

  

Rosgen E4 ST Rosgen E4 ST 

Rosgen F4 ST Rosgen F4 ST 
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Texas Creek CHaMP Sites that Rated Moderate Condition using River Styles 

Rosgen E4 Stream Type, Good Condition (CHaMP Site CBW05583-394703) 

 
Rosgen F4 Stream Type, Poor Condition (CHaMP Site CBW05583-402895) 

 
Figure 19. Two different CHaMP sites on Texas Creek with evident differences in morphology and condition 
that were both mapped as Moderate geomorphic condition using River Styles in Figure 18.  Also, gravel is 
the dominant substrate size in both reaches; however, the E4 stream type classified as a meandering fine 
grained type using river styles (Figure 18), misrepresenting the morphology (photos taken by CHaMP crew). 
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Number of Sampling Sites & Site Visits 

The number of CHaMP sites and site visits is based on the random sampling approach with 

annual and rotating panels that requires more sites (compared to opportunistic approaches) to 

describe habitat status and trends across a watershed; the assumption is that this larger number 

of sites is adequate to capture the varying conditions that exist within a watershed.  Wheaton et 

al. (2017) describe that from 2011‒2016, over 2,075 site visits were made comprised of 833 revisits 

of 400 annual sites and between 1‒2 revisits to 585 rotating panel sites.  In the eight CHaMP pilot 

watersheds we are evaluating, 1,815 sampling visits have occurred over six years of sampling 

(Table 3).  This requires an enormous amount of resources in personnel, time, and costs that 

would not be required with a more opportunistic design that would better direct effectiveness 

monitoring while accurately characterizing watershed conditions.  For example, CHaMP’s 

design is not based on the likelihood of channel change with normal events and is not directly 

focused on restoration sites (although some watersheds have added restoration sites to their 

sampling frame).  Stable condition sites only require one CHaMP survey to characterize status as 

these sites are likely to experience little change (although multiple years of fisheries data 

collection is recommended).  For monitoring and trends, sites slated for restoration/management 

actions (impaired sites) should be surveyed more frequently to directly assess effectiveness 

following a “before” versus “after” or an “above” versus “below” monitoring scheme.  CHaMP’s 

study design also does not explicitly sample in response to significant natural events (such as fire 

and floods) or land use disturbances. 

Results of the Response Design Evaluation 

Part of evaluating the response design includes investigating the potential impact of field 

method changes to measurement confidence.  Field data collection methods were updated as 

deemed necessary to improve metric accuracy and logistics.  The first CHaMP protocol was 

written for the 2011 field season.  Updating methods was an ongoing effort between 2012 and 

2014.  No changes in field methods occurred in 2015 and 2016, which indicates some comfort 

level with the 2014 protocol.  The 2014 report states that changes were carefully considered such 

that long-term CHaMP goals were not compromised.  Numerous field methods changed 

between 2012‒2014 (e.g., side channel classification, ocular substrate composition, fish cover, 

LWD, particle size distribution, riparian structure and macroinvertebrate sampling).  Though 

some methods changed little (e.g., discharge and water chemistry), others changed significantly 

(e.g., channel units, fish cover, undercut banks, and macroinvertebrate drift).  Depending on the 

specific use of the data, substantial changes in field protocols introduce questions regarding the 

reliability, comparability, and confidence of the overall dataset, especially data collected prior to 

2014.  That is, trend data for some metrics may reflect changes in the sampling methods rather 

than physical changes in the environment.  

Evaluating the response design also includes assessing different sources of variability that may 

influence status and trends.  CHaMP describes three sources of variability in its variance 

decomposition studies: 1) spatial variation: the fundamental differences among sites, 2) yearly 

temporal variation: the common yearly variation across all sites and the independent yearly 
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variation at each site driven by site-specific influences, and 3) residual variation: extraneous 

variation created during the yearly sampling season including within season temporal variation, 

imprecise sampling or measurements, and crew-to-crew differences in implementing or 

repeating a particular method (Ward et al., 2011).  Variance decomposition provides a 

quantitative means to describe the degree to which different sources of variation contribute to 

the overall variation in each of the CHaMP metrics.  The decomposition highlights which metrics 

possess high levels of measurement noise relative to overall variance across all sites; results 

indicate that measurement noise is low compared to other sources of variation (i.e., site, year, 

watershed, and valley class variation).  Though variance decomposition does provide some 

telling information about sources of variation influencing habitat metrics, the extreme 

differences in scale across reaches (i.e., very small reaches to very large reaches on mainstem 

rivers) largely influence the results across CHaMP reaches.  Thus, further analyses are needed to 

better understand metric accuracy within reaches rather than across reaches.  

Rather than using CHaMP’s variance decomposition results, we used the data generated from 

replicate QC surveys conducted within the same year by different crews to evaluate variability 

and repeatability associated with the metrics.  Because the replicate QC surveys were 

conducted within the same year, variation in the data likely reflects sampling variation rather 

than condition changes.  This sampling variation likely stems from observer error, timing of 

sampling (including streamflow differences), and/or equipment limitations.  The replicate QC 

survey data, in addition to the CHaMP dataset comprised of CHaMP primary site surveys 

from 2011‒2016, are used in the response design evaluations. 

The CHaMP response design is evaluated using Matrices B‒G.  Matrices B and C address the 

ability to compare interannual surveys and produce accurate data to describe habitat status and 

trends in terms of field method changes and the subjectivity, crew-to-crew and year-to-year 

repeatability, and temporal variation associated with a field method.  Metric values produced 

from the field data collection are also evaluated using Matrices D, E, and F.  These evaluations 

include whether the metric is standard to habitat condition assessments and whether metric 

values accurately quantify habitat status and trends based on the adequacy of the field method 

and QA/QC processes.  Matrix H evaluates whether metric values, either in current form or with 

further analyses, have utility for management strategies, restoration, effectiveness monitoring, 

and/or modeling applications.  Each field method and associated metrics are evaluated for 

multiple criteria; limitations to specific field methods are also identified where appropriate.  The 

results are presented in the following sections organized by field data collection method. 
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Channel Segment & Side Channel Classification 

This method is used to identify the main channel and classify side channels into qualifying or 

non-qualifying; qualifying side channels are further delineated as large side channels or small 

side channels.  Segment numbers are assigned to the main channel and qualifying side 

channels.  Instructions regarding what to measure in each channel type are provided.  The 

segment numbers and boundaries for the main channel and qualifying side channels are 

incorporated into the topographic survey. 

Figure 20 includes the results of the completed Matrices B and C that evaluate the method for 

channel segment and side channel classification.  The method changed significantly from 2011 to 

2014 by adding delineations and refining the method to increase repeatability and clarity.  In 

2012, recording the percent flow of a side channel was eliminated from the method as it was 

confusing, and instructions were divided into steps to improve clarity in classifying qualifying 

versus non-qualifying side channels.  In 2013, non-qualifying channels were further subdivided 

into Type I and Type II to identify which measurements will be collected in both types.  The 

number of steps also increased to add more detail to each of the steps.  In 2014, the data collection 

method was extracted from the “Channel Unit Attribute” section in the field book to be a 

standalone section.  Also in 2014, non-qualifying side channel Types I and II were removed and 

only channels located outside of the bankfull channel are classified as non-qualifying.  In 

addition, qualifying side channels were further delineated into small side channels and large side 

channels corresponding to the addition of “small side channels” to the Tier I channel unit 

classification scheme; a qualifying side channel decision tree was also added.  The consequences 

of the 2014 changes resulted in surveying all side channels within the bankfull channel for years 

2014‒2016; whereas only side channels with flows greater than 16% were surveyed in 2011‒2013.   

Furthermore, the method relies on properly identifying the bankfull elevation to appropriately 

classify side channels and visually estimate percentages of flow.  This introduces additional 

subjectivity in the method particularly without proper validation of the bankfull elevation.  

Overall, given the significant amount of changes in the method between 2011 and 2014 and the 

subjectivity inherent in identifying the bankfull stage, interannual surveys that contain side 

channels most likely were inconsistently delineated, which will affect all bankfull channel, 

wetted channel, and side channel metrics.  These metrics are discussed and evaluated within 

the topographic survey section.     
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Figure 20. Completed Matrices B and C that evaluate the Channel Segment & Side Channel Classification method. 

  

Qualifying Side 

Channel: Large 

or Small

Non-Qualifying 

Side Channel

List all years that field method changed or N/A if not applicable (If 

N/A, criteria A through D will score "0")

a. Did the field method change in any year? (no = 0; yes = 1)

b. Did the field method change in multiple years? (no = 0; yes = 1)

c.  Do any changes in the field collection method impact the metrics 

generated from the respective field method?  (no = 0; yes = 1)

d. Are any changes in the field data collection methods significant 

enough that the metrics generated before the change are likely 

different than the values produced after the change? (no = 0; yes = 1)

DO TEMPORAL CHANGES IN FIELD METHOD POTENTIALLY INFLUENCE 

THE ABILITY TO COMPARE INTERANNUAL SURVEYS? (Sum of a 

through d: 0‒2 = Likely No; 3 or 4 = Likely Yes)

a. From Evaluation Matrix B, did the field methods change during the 

duration of the project in ways that influence the ability to compare 

interannual surveys? (no = 0; yes = 1)

b. Is the field data collection methodology robust in the sense that it 

is highly repeatable from crew to crew and year to year (accounting 

for residual variation)? (yes = 0; no = 1)

c. Does seasonal or yearly variation influence any metrics generated 

from the field method? (no = 0; yes = 1)

d. Is the field method prone to subjectivity? (no = 0; yes = 1)

DOES THE FIELD METHOD PRODUCE ACCURATE DATA TO DESCRIBE 

HABITAT STATUS AND TRENDS? (Sum of a through d: 0 = Likely Yes; 

1‒4 = Likely No)

FIELD DATA COLLECTION METHODS:

EVALUATION MATRIX B: Do Temporal Changes in Field Method Potentially 

Influence the Ability to Compare Interannual Surveys?

EVALUATION MATRIX C: Does the Field Method Produce Accurate Data to 

Describe Habitat Status and Trends?

Channel Segment & Side Channel 

Classification

Side Channel

Main 

Channel

1

1

0

1

3

2012, 2013, 2014

1

1

1

1

4
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Channel Unit Classification 

The channel unit classification method is used to delineate distinct areas within a stream channel 

that differ in terms of morphology, hydraulic properties, and bed roughness due to the interactions 

among streamflow, the sediment regime, and channel resistance (CHaMP, 2016).  Channel units are 

classified based on a two-tiered approach modified from Hawkins et al. (1993): 

• Fast Water Turbulent (Tier I) 

‒ Riffle, Rapid, Cascade, and Falls (Tier II) 

• Fast Water Non-Turbulent (Tier I) 

• Slow Water/Pool (Tier I) 

‒ Scour Pool, Plunge Pool, Dam Pool, and Beaver Pool (Tier II) 

• Small Side Channel (Tier I) 

Table 5 includes the criteria to delineate and classify Tier I channel units. 

Table 5.  Criteria to delineate Tier I channel units (CHaMP, 2016, p. 53). 

Tier I 
Classification 

Gradient Bedform Profile Substrate Composition Flow Character 

Fast Water 
Turbulent 

> 1% 
Topographic high points in 

bed profile 

Generally have coarse 
substrate (cobbles and 

boulders) 
Fast, turbulent flow 

Fast Water 
Non-

Turbulent 
< 1% 

Uniform depth, low 
complexity 

Generally small cobble, 
gravels, and fine substrate 

Smooth, even flow 
(laminar), minimal 
surface turbulence 

Slow 
Water/Pool 

0 – 1% 

Pools are laterally and 
longitudinally concave. Off 
Channel units have little to 

no flow through them. 

Variable, general smaller 
sorted substrate 

Generally laminar 
flow 

Small Side 
Channel* 

NA NA NA NA 

*Small Side Channels are differentiated from other unit types using criteria in the “Side Channel Classification” Methodology 

 

Channel units are flagged in the field, assigned a unique number, and integrated into the 

topographic survey.  Metrics are produced for the count, frequency, percent, and volume of the 

Tier I units, including: 

• Fast Turbulent Count (FstTurb_Ct) 

• Fast Turbulent Frequency (FstTurb_Freq) 

• Fast Turbulent Percent (FstTurb_Pct) 

• Fast Turbulent Volume (FstTurb_Vol) 

• Fast NonTurbulent Count (FstNT_Ct) 

• Fast NonTurbulent Frequency (FstNT_Freq) 

• Fast NonTurbulent Percent (FstNT_Pct) 

• Fast NonTurbulent Volume (FstNT_Vol) 



 
A Technical Review of CHaMP’s Protocol, Data Quality & Implementation 

37 

 

• Slow Water Count (SlowWater_Ct) 

• Slow Water Frequency (SlowWater_Freq) 

• Slow Water Percent (SlowWater_Pct)  

• Slow Water Volume (SlowWater_Vol) 

• Residual Pool Depth (Pool ResidDpth) 

Metrics for the Tier I Small Side Channel are captured with large qualifying side channels as 

described and evaluated within the results for bankfull and wetted channel metrics.  

Figure 21 includes the results of the completed Matrices B and C that evaluate the channel unit 

classification method.  Side channels were added to Tier I classification scheme in 2014 with the 

intention of increasing data quality and repeatability; however, side channels do not fit the 

existing classification scheme that uses gradient, bedform profile, substrate composition, and 

flow character to delineate Tier I units (Table 5).  The methodology for channel unit 

classification in 2014 also added references to gradient and hydraulic processes to Tier II 

subclasses for clarity.  Tier II classification trees were also modified to include off-channel 

habitats connected to the main channel or side channel.        

The method is also subjective based on crew member estimates when flagging the start and end 

of channel unit features as no clear guidelines are provided.  Additionally, the volume and 

percentage metrics are calculated using the wetted channel and therefore include temporal 

variation since the wetted channel is dependent upon stream discharge at the time of survey.  

Discharge stage may also affect how crews classify channel units; as discharge increases, it 

becomes more difficult to distinguish channel units based on water surface gradient.   

Furthermore, the methodology does not include distinct categories to consistently classify the 

critical bed features of glides and runs that occur within riffle-pool systems (< 2% average channel 

slope).  Glides or runs do not fit within the existing classification and channel unit categories.  

Glides are often referred to as pool tailouts and are critical features for spawning and serve as a 

natural grade control that keeps pool water gradients flat and riffles steep.  The water surface 

gradients of glides are generally flat associated with low velocity flows (slow water), similar to 

pools; however, glides have shallow depths, which makes them different from pools.  Glides are 

also the only bed feature to have an adverse bed slope associated with hyporheic flow processes 

(exchange of surface water with ground water) resulting in high dissolved oxygen and well-sorted 

gravels or small cobble, all of which are desirable attributes for spawning redds.  Runs are the 

transition bed feature between riffles and pools.  Runs are generally 1.5 – 2.0 times steeper than the 

average channel slope and therefore do not fit the Tier I channel unit category of Fast Water Non-

Turbulent associated with water surface gradients less than 1%.  Runs are also deeper than riffles 

and are associated with strong downwelling currents with secondary circulation that create flow 

separation “seams” that are used by salmonids as resting areas providing instream cover 

(turbulence) and feeding lanes between the slow and faster moving flows. 
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Figure 21.  Completed Matrices B and C that evaluate the Channel Unit Classification method. 

 

Figures 22‒23 display the results of the metric evaluations (Matrices D‒G).  Evaluation Matrix D 

indicates that Fast Water Turbulent and Slow Water Pool metrics are standardly used in habitat 

assessments; however, Fast Water Non-Turbulent metrics are not standard as they do not relate to 

consistently-identified bed features (i.e., glides or runs) that have utility in habitat assessments.  

Therefore, we see no utility of the Fast Water Non-Turbulent metrics for any purposes.  Matrices E 

and F indicate that channel unit metrics do not accurately quantify habitat status or trends due to 

field method changes and the subjectivity and temporal variability associated with the method.  

However, Matrix G shows that the Fast Water Turbulent and Slow Water Pool metrics have some 

utility for applications if further analyses are completed to improve the metric values.  The 

following sections discuss the results of the channel unit metrics. 

List all years that field method changed or N/A if not applicable (If 

N/A, criteria A through D will score "0")

a. Did the field method change in any year? (no = 0; yes = 1)

b. Did the field method change in multiple years? (no = 0; yes = 1)

c.  Do any changes in the field collection method impact the metrics 

generated from the respective field method?  (no = 0; yes = 1)

d. Are any changes in the field data collection methods significant 

enough that the metrics generated before the change are likely 

different than the values produced after the change? (no = 0; yes = 1)

DO TEMPORAL CHANGES IN FIELD METHOD POTENTIALLY INFLUENCE 

THE ABILITY TO COMPARE INTERANNUAL SURVEYS? (Sum of a 

through d: 0‒2 = Likely No; 3 or 4 = Likely Yes)

a. From Evaluation Matrix B, did the field methods change during the 

duration of the project in ways that influence the ability to compare 

interannual surveys? (no = 0; yes = 1)

b. Is the field data collection methodology robust in the sense that it 

is highly repeatable from crew to crew and year to year (accounting 

for residual variation)? (yes = 0; no = 1)

c. Does seasonal or yearly variation influence any metrics generated 

from the field method? (no = 0; yes = 1)

d. Is the field method prone to subjectivity? (no = 0; yes = 1)

DOES THE FIELD METHOD PRODUCE ACCURATE DATA TO DESCRIBE 

HABITAT STATUS AND TRENDS? (Sum of a through d: 0 = Likely Yes; 

1‒4 = Likely No)

FIELD DATA COLLECTION METHODS:
Scour, Plunge, Dam, 

Beaver, and Off 

Channel Pools

Riffle, Rapid, 

Cascade, or Falls

EVALUATION MATRIX B: Do Temporal Changes in Field Method Potentially Influence the 

Ability to Compare Interannual Surveys?

EVALUATION MATRIX C: Does the Field Method Produce Accurate Data to Describe 

Habitat Status and Trends?

Fast Water 

Turbulent
Slow Water/Pool

Small 

Side 

Channel

Channel Unit Classification

Fast 

Water 

Non-

Turbulent

2014

1

0

1

1

1

1

1

4

1

3
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Channel Unit Counts 

Channel units were not consistently identified.  Table 6 and Figure 24 display the lack of 

repeatability in classifying channel units within a stable reference reach on Canyon Creek (Figure 

25, CHaMP site CBW05583-049615).  Due to the stable nature of the reach, significant changes in the 

bedform topography are not expected; Figure 26 shows the longitudinal thalweg profiles of the six 

CHaMP surveys, which indicate that bed features did not significantly change to explain the 

reported changes in the channel unit classifications.  For the six surveys conducted on Canyon 

Creek from 2011‒2016, Fast Water Turbulent counts varied from 2 to 9, Fast Water Non-Turbulent 

counts varied from 0 to 4, Slow Water Pool counts varied from 6 to 10, and Total Channel Unit 

counts varied from 10 to 20 (Table 6).  Note that discharge over the same time period varied by a 

factor of six (4.94 cfs to 31.08 cfs) and is negatively correlated to total channel unit counts 

(correlation coefficient of -0.83); this may explain the lack of repeatability in channel unit 

classification because it is more difficult to distinguish channel units during higher flow periods.  

Even though the 2012, 2014, and 2016 surveys had the same number of total channel unit counts, 

and the 2014‒2016 surveys had the same number of Slow Water/Pool counts, Figure 24 shows that 

the locations of the classifications changed.  In six years of surveys, the channel units were never 

classified the same way. 

 

Table 6.  Differences in channel unit counts among survey years on Canyon Creek (CBW05583-049615). 

 
 

 

 

 

 
  

CHaMP Survey 

Year

Fast Water 

Turbulent 

Count

Fast Water 

Non-Turbulent 

Count

Slow Water/ 

Pool Count

Total Channel 

Unit Count
Discharge (cfs)

2011 2 2 6 10 31.08

2012 3 4 8 15 7.77

2013 9 2 9 20 5.30

2014 5 0 10 15 4.94

2015 6 0 10 16 5.65

2016 4 1 10 15 12.71
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Figure 24. The differences in the number and locations of classified channel units in surveys on Canyon 
Creek (CBW05583-049615) from 2011‒2016 (flow direction is from top to bottom). 

 

 

 

2011 2012 2013 

 Slow Water/Pool   Fast Water Turbulent   Fast Water Non-Turbulent 

2015 2016 2014 
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Figure 25.  Canyon Creek (CHaMP site CBW05583-049615) showing excellent riparian woody vegetation, 
streambank stability, and a low width/depth ratio channel, qualifying as a stable and functioning reference 
reach and a Rosgen C4 stream type (first photo taken by review team in November 2017; subsequent photos 
taken by CHaMP crew members). 
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Figure 26.  Longitudinal thalweg (TH) profiles by station for surveys conducted from 2011‒2016 on Canyon 

Creek (CHaMP site CBW05583-049615), a stable C4 stream type, indicating that pools and riffles have not 
changed their relative location or frequency during the survey period, in contrast with the differences 
among reported channel unit counts (Figure 24). 

 

The inability to replicate channel unit classifications is also displayed in the replicate QC survey plot 

(Figure 27) where the same site is surveyed within the same sampling year by different crews.  

Differences in values stem from observer error and differences in discharge at the time of sampling 

rather than actual stream condition changes.  This sampling variation carries through to the primary 

CHaMP sites surveyed from 2011 to 2016 to quantify habitat status and trends as illustrated by the 

extreme  between year variations in channel unit counts in Figures 28‒31.  The large variability in these 

plots is inconsistent with the typical, observed variability in channel unit counts in rivers and does not 

represent true channel condition changes; rather, the variability represents the inability to consistently 

classify channel units due to the subjective manner of the classification methods.  The average change in 

the total number of channel unit counts between the first and subsequent surveys for the eight pilot 

watersheds is 51%, which is similar to the average change (62%) on Canyon Creek; the median change 

of channel unit counts for the eight pilot watersheds is 29%.  Approximately 18% of all comparisons in 

the eight pilot watersheds differed by at least 5 total channel unit counts.  Only 15% of the subsequent 

surveys had no change in the number of total channel units compared to the initial survey, and only 5% 

of the subsequent surveys matched the number of Fast Water Turbulent, number of Fast Water Non-

Turbulent, and number of Slow Water/Pool channel units identified in the first survey. 
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Figure 27.  Bivariate plot depicting the differences between total channel 
unit counts from replicate QC surveys. 

 

 
Figure 28.  Bivariate plot depicting the differences between Fast Water 
Turbulent counts from between year CHaMP surveys. 
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Figure 29.  Bivariate plot depicting the differences between Fast Water Non-
Turbulent counts from between year CHaMP surveys. 

 
Figure 30.  Bivariate plot depicting the differences between Slow Water/Pool 
counts from between year CHaMP surveys. 
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Figure 31.  Box and Whisker plots summarizing the absolute differences between the first survey and 
subsequent surveys of channel unit counts collected from 2011‒2016 on annual and rotating panel sites.  
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Frequency, Percent, & Volume Metrics 

The large variability and inconsistencies in the reported channel unit frequency, percent, and 

volume metrics between surveys are directly influenced by the inability to consistently classify 

channel units (Figures 32‒34).  Frequency metrics are calculated as the number of a specified 

channel unit type (i.e., Fast Water Turbulent, Fast Water Non-Turbulent, Slow Water/Pool) per 

100 meters; percent metrics refer to the percent of the wetted area identified as a specified 

channel unit type; and volume metrics are the total wetted volume of a specified channel unit 

type at a site.  The volume and percent metrics are calculated for the wetted channel boundary; 

thus, changes in these metric values also reflect differences in discharge at time of survey rather 

than true condition changes in the associated channel unit attribute. 

 

 
Figure 32.  Box and Whisker plots summarizing the absolute differences between the first survey and 
subsequent surveys of channel unit frequency collected from 2011‒2016 on annual and rotating panel sites. 

0

2

4

6

8

10

12

Fast Water Non-Turbulent (Freq) Fast Water Turbulent (Freq) Slow Water/Pool (Freq)

A
b

s
o

lu
te

 D
if

fe
re

n
c
e
 f

ro
m

 F
ir

s
t 

O
b

s
e
rv

e
d

 V
a
lu

e

CHaMP Primary Surveys (2011‒2016): Channel Unit Frequency



 
A Technical Review of CHaMP’s Protocol, Data Quality & Implementation 

49 

 

 
Figure 33.  Box and Whisker plots summarizing the absolute differences between the first survey and 
subsequent surveys of channel unit percent collected from 2011‒2016 on annual and rotating panel sites. 

 

 
Figure 34.  Box and Whisker plots summarizing the absolute differences between the first survey and 
subsequent surveys of channel unit volume collected from 2011‒2016 on annual and rotating panel sites. 

0

10

20

30

40

50

60

70

80

90

100

Fast Water Non-Turbulent (Pct) Fast Water Turbulent (Pct) Slow Water/Pool (Pct)

A
b

s
o

lu
te

 D
if

fe
re

n
c
e

 f
ro

m
 F

ir
s
t 

O
b

s
e
rv

e
d

 V
a
lu

e

CHaMP Primary Surveys (2011‒2016): Channel Unit Percent

0

1000

2000

3000

4000

5000

6000

7000

8000

9000

10000

Fast Water Non-Turbulent (Vol)  Fast Water Turbulent (Pct) Slow Water/Pool (Pct)

A
b

s
o

lu
te

 D
if

fe
re

n
c
e
 f

ro
m

 F
ir

s
t 

O
b

s
e
rv

e
d

 V
a
lu

e
 (

m
3
)

CHaMP Primary Surveys (2011‒2016): Channel Unit Volume (m3)



 

 

 50 

  

Residual Pool Depth 

Residual pool depth is calculated as the average difference between the maximum depth and 

downstream end depth of all Slow Water/Pool channel units.  Although residual pool depth is 

commonly used in habitat assessments, the standard definition is the difference in bed elevation 

between the deepest point in a pool and the downstream riffle crest (Lisle, 1987).  Using the 

common definition and the thalweg profile for calculations, residual pool depth measurements 

are consistent and repeatable.  However, CHaMP’s residual pool metrics rely on the inconsistent 

classification of Slow Water/Pool units in addition to problems in properly identifying the pool 

tail-out location and surveying the deepest point in the pool.  Figure 35 illustrates the inability to 

repeat residual pool depth estimates (i.e., measurement error) for replicate QC surveys conducted 

on the same reach within the same sampling year. 

 
Figure 35.  Bivariate plot depicting the differences between estimates of residual 
pool depth from replicate QC surveys. 

 

The measurement error displayed as variance in Figure 35 is also apparent in the residual pool 

depth estimates from the six surveys on the stable Canyon Creek site (CBW05583-049615), which 

was previously introduced (see the photos in Figure 25); the plotted longitudinal thalweg profiles 

for all surveys on Canyon Creek indicate that pool and riffle feature locations did not significantly 

change from 2011‒2016 (see longitudinal profile in Figure 26).  However, residual pool depths 

ranged from 0.66 ft to 1.21 ft for the survey period (Table 7).  Figure 36 shows how the location of 

channel unit influences the residual pool depth value for 2014 and 2015.  Note the single pool with 

a value of 0.68 ft in 2015 is split into two separate pools in 2014 reducing the values to 0.17 ft and 
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0.066 ft from upstream to downstream.  The resulting average of this bend is 0.68 ft in 2015 and 0.20 

ft in 2014.  These changes are more representative of the inability to consistently classify Slow 

Water/Pool features rather than true channel condition changes.  Table 7 shows that as the Slow 

Water/Pool counts increase, residual pool depth decreases due to reporting residual pool depths as 

reach-averaged values; this trend, in addition to the negative relationship between Slow Water/Pool 

counts and discharge, is consistent across study sites.  In the Upper Grande Ronde (CBW05583-

321338, Figure 37), residual pool depth ranged from 1.28 ft to 4.66 ft for seven replicate surveys 

performed in the same month (Table 8) with similar inverse relationships apparent between 

residual pool depth and pool count and between discharge and pool count.  

The high sampling variation associated with subjectivity and temporal variability is apparent across 

all watersheds for the between year comparisons (Figures 38‒39).  Stream size and discharge may 

possibly explain some of the observer error, particularly when pool depths exceed wadable values as 

displayed in Figure 38 for the Methow watershed.  Figure 39 shows the distribution in the range of 

percent change in residual pool depth estimates between the first and subsequent surveys for the 

eight pilot watersheds.  The median percent change in residual pool depth ranges from 20% in the 

Wenatchee to 32% in the Methow and is 25% for all watersheds.  Replicate QC surveys show a similar 

trend where the median percent change for all watersheds is 24%. 

 

 Slow Water/Pool   Fast Water Turbulent   Fast Water Non-Turbulent 

2015 2014 

0.89 

0.38 

0.17 

0.93 

0.17 
0.22 

0.20 

0.88 

0.16 

1.12 

0.14 
0.75 

0.31 

1.52 

0.68 

0.46 

1.22 

0.72 

1.05 

1.42 

Figure 36. The differences in the number and locations of classified channel units and associated 
residual pool depths (ft) in surveys on Canyon Creek (CBW05583-049615) between 2014 and 2015 

(flow direction is from top to bottom). 
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Table 7. Comparison of Slow Water/Pool count, residual pool depth, 
and discharge for Canyon Creek (CBW05583-049615) for 2011‒2016. 

 
 
 

  
Figure 37.  Upper Grande Ronde CHaMP site (CBW05583-321338) (photos taken by CHaMP crew members). 

 

Table 8. Comparison of Slow Water/Pool count, residual 
pool depth, and discharge for replicate QC surveys in 
the Upper Grande Ronde (CBW05583-321338). 

   

Year

Slow 

Water/Pool 

Count

Residual Pool 

Depth (ft)
Discharge (cfs)

2011 6 1.21 31.08

2012 8 1.05 7.77

2013 9 0.92 5.30

2014 10 0.66 4.94

2015 10 0.89 5.65

2016 10 0.95 12.71

Visit 

Type

 Number of 

Slow 

Water/Pools

Residual 

Pool Depth 

(ft)

Discharge 

(cfs)

Primary 4 1.87 20.1

QC 6 1.57 16.9

QC 5 1.28 13.8

QC 3 3.05 32.8

QC 3 2.76 29.7

QC 3 2.95 31.8

QC 2 2.46 26.5

QC 1 4.66 50.1

2011 Upper Grande Ronde Site:                          

CBW05583-321338 
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Figure 38.  Bivariate plots at two different scales depicting the differences between 
residual pool depth estimates from between year CHaMP surveys. 
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Figure 39.  Box and Whisker plots summarizing percent change in residual pool depth between the first 
survey and subsequent surveys for between year CHaMP surveys. 

 

  

Y-axis cut off at 500% (outliers extend to 2,410%)  
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Key Findings: Channel Unit Summary 

Channel units are not properly or consistently classified; the lack of repeatability due to 

measurement error and temporal variability precludes the use of channel unit metrics for habitat 

and trend analyses that require high accuracy.  In addition, channel unit classification drives the 

framework for collecting the auxiliary channel unit level data, and thus, all associated metrics are 

adversely affected (Table 9).  For example, particle size distribution is estimated in Fast Water 

Turbulent areas, and therefore it is difficult to ascertain if changes in the metric values reflect true 

condition changes or are due to estimates obtained from a different channel unit and/or location.   

A major shortcoming of the channel unit classification method, and the entire CHaMP protocol in 

general, is not using data from first surveys to drive subsequent survey classifications and 

measurements; consequently, status is being redefined in all surveys rather than using the first 

survey classifications or measurements as a reference baseline.  Also, a lack of QA/QC processes 

and data analyses that compare channel unit classifications to the longitudinal thalweg profile as a 

check for reasonableness will result in inconsistent classifications and measurements. 

Further data analyses using topographic survey data will allow Fast Water Turbulent and Slow 

Water/Pool units to be properly classified.  The topographic survey data will also allow run and 

glide features to be delineated.  Following such analyses, the data will have utility for 

management, restoration, and modeling applications. 

Table 9.  List of metrics directly affected by channel unit classification; these metrics contain 
measurement error due to the inability to properly and consistently classify channel units. 

Metrics Directly Affected by Channel Unit Classification 

• Fast Water Non-Turbulent Area • Substrate: D16 

• Fast Water Non-Turbulent Count • Substrate: D50 

• Fast Water Non-Turbulent Frequency • Substrate: D84 

• Fast Water Non-Turbulent Percent • Substrate Est: Boulders 

• Fast Water Non-Turbulent Volume • Substrate Est: Cobbles 

• Fast Water Turbulent Area • Substrate Est: Coarse and Fine Gravel 

• Fast Water Turbulent Count • Substrate Est: Sand and Fines 

• Fast Water Turbulent Frequency • Percent Undercut by Area 

• Fast Water Turbulent Percent • Percent Undercut by Length 

• Fast Water Turbulent Volume • Percent Undercut by Length 

• Residual Pool Depth • Fish Cover: Aquatic Vegetation 

• Slow Water/Pool Area • Fish Cover: Artificial 

• Slow Water/Pool Count • Fish Cover: Large Wood 

• Slow Water/Pool Frequency • Fish Cover: None 

• Slow Water/Pool Percent • Fish Cover: Terrestrial Vegetation 

• Slow Water/Pool Volume • Fish Cover: Total 

• Substrate < 2 mm • Substrate: Embeddedness Avg 

• Substrate < 6mm  

 



 

 

 56 

  

 

Topographic Survey 

The topographic survey is used to create a 3D Digital Elevation Model (DEM) of the stream 

channel and surrounding floodplain.  The DEM is derived from the survey points that are 

attributed with X, Y, and Z coordinates and a description code; lines can be created by connecting 

points with the same description codes, referred to as breaklines.  Field crews process the 

topographic survey data as they have the best idea whether the DEM represents reality in the 

field.  The DEM is used to generate numerous metrics, including:  

• Bankfull channel metrics (includes main channel and side channels)  

• Wetted channel metrics (includes main channel and side channels) 

• Side channel metrics 

• Longitudinal (reach length) metrics 

• Channel unit metrics 

Figure 40 includes the results of the completed Matrices B and C that evaluate the topographic 

survey method.  Detailed instructions are given for establishing a new site survey, surveying 

revisit sites, traversing, backsight checks, and collecting points.  Numerous changes and 

refinements were made to the survey method between 2011‒2014.  These changes are included 

in the following discussion. 

Establishing a New Site Survey:  The method for setting up a survey includes instructions 

for location, file naming convention, error tolerance and general set up steps relative to the 

equipment (i.e., Nikon vs. Topcon).  In 2012, troubleshooting steps were added relative to 

station setup and backsight errors. 

Revisit Site Surveys:  This survey procedure was added in 2012 for site resurveys.  The 

procedure lists options relative to error tolerance, benchmarks found/not found, and the 

various options for the scenarios encountered. 

Traversing:  This procedure provides steps for moving the instrument, which was refined in 

2012 to include error tolerances and how to handle errors if they are encountered.  

Backsight Checks:  The 2011 procedure for backsight checks was limited as it only directed 

crew members to check backsight by distance and record the error.  In 2012, the procedure 

was significantly refined regarding when to check the backsight, what were acceptable error 

levels, and what to do if backsight errors were encountered. 

Side Channels and Islands:  The methods on how to survey side channels and islands were 

refined in 2012, 2013, and 2014 to improve clarity and consistency.  Qualifying small side channels 

(< 16% flow) were added as a Tier I channel unit in 2014, and therefore, instructions are provided 

referring to how to survey large and small side channels.  In 2014‒2016, small side channels (< 

16% flow) and large side channels (16‒49% flows) are encompassed in the topographic survey.  
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However, side channels with less than 16% flow were not included in the 2011‒2013 topographic 

surveys as they were not yet designated as a qualifying small side channel. 

Point Collection Methods:  This method provides details on the features to survey, including the 

bottom and top of site cross-sections, water surface features, top and toe of bank features, 

bankfull elevation, main channel thalweg, channel unit perimeter, topographic points, breaklines, 

and side channels and islands.  In 2011, the survey extent (sx) feature code identified the upper 

and lower extent of the survey (cross sections 1 and 21) and gave general instructions as to the 

level of detail needed at those sites.  The ‘sx’ code was replaced in 2012 by adding ‘in’ and ‘out’ 

feature codes identifying the thalweg at cross section 21 (in) and the thalweg at cross section 1 

(out).  The top and bottom cross-section survey instructions were also refined by indicating the 

minimum number of points to be surveyed (9) and what features should be included.  In 

addition, top (tos) and bottom (bos) site control points (rebar) were added to the control, and 

instructions were provided to “close” the survey using the site rebar (this pin was not used to 

occupy the site and instead was shot at the end of the survey, and the error was examined to see if 

it fell within the tolerance).  The water surface (ws) feature code was also added in 2012 to help 

develop a water surface DEM; in 2013, clarifications were made to account for areas where water 

surface could not be measured against left or right banks (e.g., under overhanging bank 

conditions).  A mid-channel island (mw) point was also added.  Last, discharge points (q) were 

also added in 2012 but removed in 2013 because the points were not consistently measured and 

there wasn’t a clear understanding how the data points would be used. 

The topographic survey method was also refined in 2012 by identifying the number of points 

necessary to describe a simple survey (500‒600) versus a complex survey (1000‒1200), and the 

direction to extend the surveys into the floodplain to better define the difference between 

channel and floodplain.  This is important as differences in point density can influence the 

accuracy of the DEM and the metrics derived from the DEM. 

Overall, the point collection methods are adequate to define features in the DEM to analyze 

channel attributes and produce associated metrics.  The field method change in 2014 associated 

with encompassing small side channels in the topographic survey is the most significant change 

that directly affects the ability to compare interannual surveys among sites with side channels.  

Also, the methods to identify certain points, such as bankfull (bf), are subjective and thus 

introduce sampling variation.  Other points, such as water surface (ws), left edge of water (lw), 

and right edge of water (rw), are dependent on discharge stage at time of survey and thus 

introduce temporal variation.  The levels of subjectivity and temporal variability are discussed 

further in the metric evaluations, grouped by bankfull channel, wetted channel, side channel, and 

longitudinal (reach length) metrics; these metric evaluations follow our investigation of the DEM 

to produce accurate metrics. 
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Figure 40.  Completed Matrices B and C that evaluate the Topographic Survey method. 

 

 

 

 

 

 

 

 

 

Bankfull 

Channel 
(includes main 

channel & side 

channels)

Longitudinal 
(Reach Length)

Wetted 

Channel 
(includes main 

channel & side 

channels)

Side 

Channels

Channel 

Units

List all years that field method changed or N/A if not applicable (If 

N/A, criteria A through D will score "0")

a. Did the field method change in any year? (no = 0; yes = 1)

b. Did the field method change in multiple years? (no = 0; yes = 1)

c.  Do any changes in the field collection method impact the metrics 

generated from the respective field method?  (no = 0; yes = 1)

d. Are any changes in the field data collection methods significant 

enough that the metrics generated before the change are likely 

different than the values produced after the change? (no = 0; yes = 1)

DO TEMPORAL CHANGES IN FIELD METHOD POTENTIALLY INFLUENCE 

THE ABILITY TO COMPARE INTERANNUAL SURVEYS? (Sum of a 

through d: 0‒2 = Likely No; 3 or 4 = Likely Yes)

a. From Evaluation Matrix B, did the field methods change during the 

duration of the project in ways that influence the ability to compare 

interannual surveys? (no = 0; yes = 1)

b. Is the field data collection methodology robust in the sense that it 

is highly repeatable from crew to crew and year to year (accounting 

for residual variation)? (yes = 0; no = 1)

c. Does seasonal or yearly variation influence any metrics generated 

from the field method? (no = 0; yes = 1)

d. Is the field method prone to subjectivity? (no = 0; yes = 1)

DOES THE FIELD METHOD PRODUCE ACCURATE DATA TO DESCRIBE 

HABITAT STATUS AND TRENDS? (Sum of a through d: 0 = Likely Yes; 

1‒4 = Likely No)

EVALUATION MATRIX B: Do Temporal Changes in Field Method Potentially Influence the Ability 

to Compare Interannual Surveys?

EVALUATION MATRIX C: Does the Field Method Produce Accurate Data to Describe Habitat Status 

and Trends?

FIELD DATA COLLECTION METHODS:

Topographic Survey

(Creates a DEM to Generate Metrics)

4

1

1

2012, 2013, 2014

1

1

1

1

4

1

1
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DEM Accuracy 

DEMs undoubtedly have utility for numerous applications, such as hydraulic modeling and 

quantifying volumetric changes across a site between surveys.  However, uncertainties and errors in 

DEMs to represent topographic surfaces have been well documented and analyzed (e.g., Williams, 

2012; Bangen et al., 2014; Bangen et al., 2016).  Factors contributing to DEM errors include survey 

instrument, control points, survey point quality, sampling strategy, topographic complexity, surface 

roughness, grid resolution, and interpolation, processing, and resolution methods (Lane et al., 1994; 

Lane, 1998; Wise, 1998; Wechsler and Kroll, 2006; Heritage et al., Schwendel et al., 2012; Williams, 

2012; Bangen et al., 2016).  Many errors are accounted for when quantifying volumetric changes 

between topographic surveys using DEM of Difference (DoD) techniques to distinguish true 

channel changes from measurement noise (Wheaton et al., 2010; Williams, 2012).  The Geomorphic 

Change Detection (GCD) tool, for example, accounts for many errors and has been utilized to 

analyze volumetric changes in CHaMP DEMs (Wheaton et al., 2010; ISEMP/CHaMP, 2015).   

Although we see utility in GCD for general analyses at the reach level, we find that the errors in 

DEMs limit the ability to generate highly accurate morphological metrics for habitat trends, 

impeding the ability to compare surveys and distinguish true channel changes from measurement 

noise.  Thus, it is difficult to derive detailed form and process analyses to properly identify limiting 

factors of habitat within a site.  From a geomorphic perspective, highly accurate longitudinal 

profiles and cross-sections at specific locations throughout a reach are required to link any bed and 

bank instability to the sources of impairment and consequences to habitat quality.  For example, 

detailed cross-sections in glides are necessary to determine the slightest of changes in the bed that 

may affect spawning habitat quality; any fine sediment deposition must be linked to the source, 

such as upstream streambank erosion, to properly address the limiting factor with restoration and 

management actions.  We explored the utility and accuracy of DEMs to detect channel change using 

Canyon Creek (CBW05583-049615) located in the Lemhi watershed and Lake Creek (CBW05583-

235154) located in the South Fork Salmon watershed, both being sites where little to no geomorphic 

change is expected to occur. 

Canyon Creek (CBW05583-049615) 

We evaluated DEM data from six surveys (2011‒2016) on Canyon Creek (CBW05583-049615), a 

stable reference reach as previously shown (see photographs in Figure 25).  We extracted 

longitudinal profiles and numerous cross-sections from CHaMP DEMs (see Appendix B for 

procedure used to extract DEM data) to compare to the longitudinal profile and cross-sections we 

surveyed on Canyon Creek in 2017.  We investigated breakline quality and point densities, 

frequencies, and locations as related to defining major bed features using the thalweg profile and 

defining the streambed, streambanks, and floodplains using cross-section dimensions. 

Pertaining to the thalweg profile, results show that the number of points in CHaMP surveys is 

inadequate to define bed features (i.e., riffles, runs, pools, glides) and distinguish true changes in 

the thalweg from shifts due to interpolation error; we found that approximately 176 points were 

necessary to define the thalweg profile in out 2017 survey, whereas the number of points in 

CHaMP surveys ranged from 44 to 91 thalweg points (Table 10).  The CHaMP topographic field 

method states that a minimum of 20 thalweg points is required per reach, which is inadequate.  

The longitudinal profiles previously shown for Canyon Creek in Figure 26 display the differences 
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in the thalweg elevations among years (2011‒2016), which range from 0.2 ft to 0.9 ft in many 

locations.  These shifts in thalweg elevations mostly reflect survey error (i.e., inadequate number 

of points to accurately define bed features and breaks in slope) rather than true thalweg changes.   

We also evaluated the point densities and frequencies for CHaMP surveys within the bankfull 

polygon area and within the total survey area that includes points taken on floodplain and 

terrace features (Table 11).  In general, the total number of points taken increased over time, 

especially outside of the bankfull polygon.  Within the bankfull polygon, the area per point 

ranged from 8.32 ft2 to 12.77 ft2 per point (an average of 11.04 ft2).  We also extracted six cross-

sections from the CHaMP DEMs to compare point frequencies to our cross-sections we surveyed 

in 2017; we found that 27‒39 points were required to accurately define dimensions, whereas the 

number of points within 1.0 ft of the cross-sections in CHaMP surveys ranged from 5‒10 points 

(Table 12).  Overall, the point locations and frequencies are inconsistent and inadequate to 

accurately define channel features to detect true changes in the channel bed, streambanks, and 

floodplain among surveys.   

Comparing CHaMP cross-sections in run and pool cross-sections located along meander bends 

shows lateral erosion/deposition of the streambanks between surveys (Figures 41‒42).  In the 

pool cross-sections (Figure 41), lateral deposition of the streambank is shown to occur on the 

outside bank (left bank) in survey years 2015 and 2016 in reference to the previous year’s survey; 

this is a reflection of the lack of points taken to define streambanks rather than true sediment 

deposition that rarely occurs on the outside of bends due to high shear stress in the near-bank 

region.  Similarly, the run cross-sections (Figure 42) also show lateral deposition of the 

streambank on the outside bank in survey years 2013, 2014, and 2015.  The cross-sections also 

show changes in channel widths as the channel in the pool cross-section widened by 1.89 ft 

between 2011 and 2012 and narrowed between 2012 and 2013 by 2.4 ft (Figure 41).  The vertical 

elevation changes shown among survey years on the top of streambanks and on the floodplain 

are also highly unlikely and were not supported by field observations on this stable reference 

reach.  Last, comparing channel thalweg elevations among the surveys also indicate changes that 

did not occur, such as approximately 0.5 ft of deposition between 2015 and 2016 surveys shown 

in the run cross-section (Figure 42); field observations in 2017 do not support this sediment 

deposition due to the existing high bankfull shear stress and cobble substrate in this location. 

Although we conclude that CHaMP DEMs cannot be used to accurately define key features 

and generate highly accurate metrics within a reach, the DEM does provide an adequate 

portrayal of the channel boundary for general applications that do not require high accuracy.  

Overall, the Canyon Creek longitudinal profiles (Figure 26) and cross-sections (Figures 41‒42) 

define the general form of the channel and thus have utility for many geomorphic and 

biological assessments and modeling applications.  
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Table 10.  Comparison of the number of thalweg points, length of 
thalweg, and average thalweg point spacing taken from the raw data 
point file used to generate CHaMP DEMs for Canyon Creek (CBW05583-
049615) for years 2011 to 2016 and Wildland Hydrology’s 2017 survey. 

 

Table 11. Annual comparison of point densities and frequencies taken from the raw data point file used to 
generate CHaMP DEMs for Canyon Creek (CBW05583-049615) for years 2011‒2016. 

Survey 
Year 

Number 
of Total 
Points 

Number 
of Points 

in 
Bankfull 
Polygon 

 Total 
Survey 

Area (ft2) 

Bankfull 
Polygon 

Area (ft2)  

Total 
Point 

Density 
(pt/ft2) 

Bankfull 
Point 

Density 
(pt/ft2) 

Total 
Area per 

Point 
(ft2/pt) 

Bankfull 
Area per 

Point  
(ft2/pt) 

2011 657 528 12,171 6,641 0.05 0.08 18.52 12.58 

2012 537 403 51,807 5,145 0.01 0.08 96.47 12.77 

2013 670 449 22,572 5,436 0.03 0.08 33.69 12.11 

2014 747 529 24,380 5,350 0.03 0.10 32.64 10.11 

2015 1,019 677 44,261 5,630 0.02 0.12 43.44 8.32 

2016 1,000 645 25,909 6,684 0.04 0.10 25.91 10.36 

 

Table 12.  Comparing the number of cross-section points between CHaMP 2016 
survey (cross-sections extracted from DEM) and Wildland Hydrology 2017 survey, 
indicating an insufficient number of points in the CHaMP topographic survey to 
accurately define dimensions within key features of a reach. 

 

Survey Year

Number of 

Thalweg 

Points

Length of 

Thalweg (ft)

Average 

Thalweg Point 

Spacing (ft/pt)

2011 52 453 9

2012 69 463 7

2013 51 451 9

2014 38 446 12

2015 91 476 5

2016 44 462 10

2017 (Wildland 

Hydrology)
176 558 3

CHaMP 2016 Survey
Wildland Hydrology 

2017 Survey

Number of Points 

(within 1 foot of XS)
Number of Points

Pool 4+65 5 31

Riffle 3+86 6 39

Glide 1+98 9 28

Run 1+75 6 27

Riffle 1+52 5 31

Pool 1+20 10 31

Cross-Section (XS)



 

 

 62 

  

 

 

Lateral Erosion/Deposition: Horizontal Difference from Previous Survey 

    2012 2013 2014 2015 2016 

P
o

o
l 4

+6
2
 Left Bank 

(Outside Bank)  
0.56 ft    
Erosion 

0.03 ft       
Erosion 

0.49 ft   
Erosion 

0.86 ft   
Deposition 

0.61 ft    
Deposition 

Right Bank  
(Inside Bank)  

1.33 ft    
Erosion 

2.43 ft    
Deposition 

0.25 ft    
Erosion 

No Change 
0.44 ft   

Deposition 

Change in Width 
at Top of Bank 

+1.89 ft -2.40 ft +0.74 ft -0.86 ft -1.05 ft 

Figure 41.  Pool cross-section at station 4+62 on Canyon Creek (CBW05583-049615) extracted from CHaMP 
2011‒2016 DEMs with table showing lateral changes in the of bank relative to the previous year’s survey. 
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Lateral Erosion/Deposition: Horizontal Difference from Previous Survey 

    2012 2013 2014 2015 2016 

R
u

n
 1

+7
5
 

Left Bank 
(Outside Bank)  

0.13 ft     
Erosion 

0.53 ft   
Deposition 

0.29 ft  
Deposition 

0.43 ft 
Deposition 

0.89 ft     
Erosion 

Right Bank  
(Inside Bank)  

1.21 ft   
Deposition 

0.48 ft  
Erosion 

0.25 ft    
Deposition 

0.59 ft         
Deposition 

0.56 ft   
Deposition 

Change in Width 
at Top of Bank 

-1.08 ft -0.05 ft -0.04 ft -1.02 ft +0.33 ft 

Figure 42. Run cross-section at station 1+75 on Canyon Creek (CBW05583-049615) extracted from CHaMP 
2011‒2016 DEMs with table showing lateral changes in the bank relative to the previous year’s survey. 
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Lake Creek (CBW05583-235154) 

We evaluated DEM accuracy from three surveys on Lake Creek (CBW05583-235154, Figure 43) in 

2012.  Little geomorphic change is expected since the surveys were all conducted the same year 

during low flows and the reach is stable and functioning (i.e., a reference reach).  We extracted two 

cross-sections per bed feature (riffles, runs, pools, and glides) from the DEMs (Figures 44‒47).  We 

calculated bankfull cross-section values using the bankfull elevation from the first survey as a 

baseline (Table 13).  Results show that overall the DEM adequately approximates the bankfull 

channel boundary as bankfull values are mostly acceptable to use for condition assessments (with a 

few exceptions as percent changes relative to the first survey approach and exceed 20%).  However, 

the bankfull values are not highly accurate as required for monitoring and to detect true 

geomorphic change as changes in the bankfull values among surveys range from 0% to 27%.  Also 

note that comparing features above the bankfull channel across surveys is discouraged as it is 

apparent that larger survey error exists above the bankfull stage (Figures 44‒47) due to less points 

taken to adequately define floodplain and terrace features. 

 

 
Figure 43.  The stable and functioning Lake Creek site (CBW05583-235154) (photo 
taken by CHaMP crew member, 2012). 
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Figure 44.  Riffle cross-section overlays from the three surveys on Lake Creek in 2012. 
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Figure 45.  Run cross-section overlays from the three surveys on Lake Creek in 2012. 
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Figure 46.  Pool cross-section overlays from the three surveys on Lake Creek in 2012. 
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Figure 47.  Glide cross-section overlays from the three surveys on Lake Creek in 2012. 
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Bankfull Points & Metric Evaluations 

The bankfull stage and associated discharge are related to the formation, maintenance, and 

dimensions of the channel (CHaMP, 2016).  The bankfull point collection method is used to define the 

boundary of the bankfull channel including the main channel and any side channels.  The field 

method instructs crews on how to survey bankfull points and lines to represent the bankfull elevation 

and to capture a minimum of 20 points distributed throughout the site using good bankfull indicators.  

Field crews are instructed to identify bankfull features using definitions from Leopold et al. (1964), 

delineation techniques from Harrelson et al. (1994), and additional instruction from “CHaMP Camp.”  

If bankfull features are not evident, crew members are instructed to move upstream or downstream of 

the site to find reliable indicators (CHaMP, 2016).  The bankfull points are reflected in the DEM that is 

used to produce the bankfull channel metrics: 

• Bankfull Channel Count (BfChnl_Ct) 

• Bankfull Area (Area_Bf) 

• Bankfull Volume (BfVol)  

• Bankfull Width Avg (BfWdth_Avg) 

• Bankfull Width Integrated (BfWdthInt) 

• Bankfull Depth Avg (DpthBf_Avg) 

• Bankfull Depth Max (DpthBf_Max) 

• Bankfull Width to Depth Ratio Avg (BfWDRat_Avg) 

A major concern regarding the bankfull method is the lack of instruction for field crews to identify 

bankfull features.  Based on numerous interviews (Appendix A), bankfull was not adequately 

emphasized during training camps and was not considered by many in oversite roles to be a critical 

element to appropriately define the channel boundary.  Unfortunately, this lack of instruction and de-

emphasis of the importance of bankfull resulted in large observer errors in the bankfull metrics due to 

the inconsistency of properly identifying the bankfull stage.  The observer errors are directly transferred 

to all metrics dependent on the bankfull boundary (Table 14), including numerous auxiliary metrics 

such as large woody debris counts that are measured within the bankfull channel prism. 

Table 14.  List of metrics affected by the identified bankfull stage; these metrics all contain 
measurement error due to the inability to properly and consistently identify the bankfull elevation. 

Metrics Affected by Bankfull Elevation 

• Bankfull Channel Count • Riparian Cover: Big Tree 

• Bankfull Area • Riparian Cover: No Canopy 

• Bankfull Depth Avg • Riparian Cover: Coniferous 

• Bankfull Depth Max • Riparian Cover: Ground 

• Bankfull Volume • Riparian Cover: Non-Woody 

• Bankfull Width Avg • Riparian Cover: Understory 

• Bankfull Width Integrated • Riparian Cover: Woody 

• Bankfull Width To Depth Ratio • Substrate: D16 

• Bankfull Side Channel Width • Substrate: D50 

• Bankfull Side Channel Width To Depth Ratio Avg • Substrate: D84 

• Large Wood Frequency: Bankfull • Substrate: Embeddedness Avg 
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The CHaMP method also does not provide instructions to validate the field-identified bankfull 

elevation, including using regional hydrology curves developed by hydro-physiographic province.  

Not using regional curves of bankfull discharge versus drainage area and cross-sectional area 

versus drainage area in CHaMP is a major oversight.  Regional curves are especially critical to use 

at sites that are actively incising where bankfull indicators are nonexistent due to the lack of 

depositional features.  Once the bankfull elevation is identified and validated with regional curves, 

the difference between water surface and the bankfull elevation is measured; this difference can be 

used as the crew surveys additional bankfull points to ensure consistency among the surveyed 

bankfull features.  Prior to our field investigation and geomorphic surveys conducted at CHaMP 

sites within the Lemhi basin, we visited several USGS and state-run streamgages and developed 

preliminary regional curves for both bankfull discharge and bankfull cross-sectional area (Figure 

48).  The locally-developed curves must be established or at least compared with previously 

published regional curves.  For example, the regional curves for the Lemhi watershed are much 

lower than the Salmon River curves as published by Emmett (1975), likely due to annual 

precipitation differences and historic irrigation streamflow diversions.  These curves were critical 

to validate our field-identified bankfull points and to evaluate CHaMP data. 

The CHaMP method also lacks QA/QC measures during post-processing analyses to ensure that 

the final bankfull surface is representative of the field conditions.  The final bankfull elevation is 

set using the “slider tool” in the River Bathometry Toolkit (RBT), which depicts the lateral extents 

of bankfull in relation to the surveyed bankfull points.  The QA/QC process does not provide 

guidance to confirm that the surveyed bankfull points and final bankfull elevation are consistent 

or accurate.  Typical data processing includes analyzing the bankfull elevations among cross-

section and longitudinal profile plots (which can be extracted from the DEM) to ensure that: 

• The bankfull elevations are consistent between the cross-sections and longitudinal profile  

• The average water surface slope is parallel to the average bankfull slope  

• Differences between water surface and bankfull on the longitudinal profile are consistent  

• The bankfull cross-sectional area of riffle cross-sections are consistent throughout the 

reach and comparable to the area determined using the appropriate regional curve 

(assuming stream type and condition is the same throughout the reach) 

Last, the CHaMP method does not use the bankfull elevation of the first survey as a control for all 

subsequent surveys.  Using a controlled bankfull elevation across surveys is required to detect 

true channel adjustments as reflected in the bankfull metrics.  Thus, new surveys must be 

especially rigorous in identifying and validating the bankfull elevation. 

Overall, the identified shortcomings in the field methods and QA/QC measures result in metrics 

that contain large amounts of observer error and sampling variation.  The results of the bankfull 

metric evaluations using Matrices D‒G are summarized in Figures 49‒50 and are discussed 

further and highlighted using case examples in the following sections. 
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Figure 48.  Preliminary regional curves of bankfull discharge versus drainage area and bankfull cross-sectional 
area versus drainage area established for the Lemhi watershed compared to the main Salmon River, Idaho. 
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General Metric Evaluations 

While the underlying survey data and DEM adequately represent within-channel topography (less 

accurate beyond bankfull), the automatically-generated bankfull metrics are not accurate.  Evaluating 

the geomorphic change in stream channels using CHaMP’s bankfull metrics would indicate gross 

geomorphic changes were occurring in stream channels in all eight of the CHaMP pilot watersheds 

during the period 2011 to 2016.  While some stream channels may have experienced true geomorphic 

change as a result of fire and/or flooding since 2011 (Methow/Lee Creek), most of the sites evaluated 

had little more than natural geomorphic change that would be expected to occur under normal 

hydrograph conditions.  The inability to accurately quantify bankfull metrics and the large disparity 

in metrics among surveys can be explained by several factors: 

1) Reporting a single, reach-averaged metric per site rather than stratifying by bed feature 

2) Lack of continuity among bankfull metrics  

3) Inconsistencies in identifying bankfull among surveys 

4) Changes in field data collection methods 

5) Reported metric discrepancy in database versions 

6) Lack of stratification by stream type and condition to explain variance 

Each of these factors influencing bankfull metrics must be addressed to improve the utility of the 

metrics for restoration and modeling applications.  These factors are further discussed in the 

following sections and within the evaluations of specific metrics. 

Reach-Averaged Metrics.  CHaMP bankfull metrics represent a single, reach-average value that is 

insufficient to represent the range of conditions at a site.  Stratification of bankfull channel metrics by 

bed feature is essential to provide meaningful information about stream morphology and 

geomorphic and biological functioning.  For example, CHaMP’s maximum bankfull depth is reported 

as a single metric taken from one location (Table 15); however, in geomorphic surveys, it is standard 

to report max bankfull depth values by the range and average of a given bed feature (e.g., Rosgen, 

2006, 2014).  This stratified data is helpful for assessing habitat quality and channel stability (physical 

and biological functioning).   

Table 15.  Comparing maximum depth measurements on Canyon Creek (CHaMP 
site CBW05583-049615) between the CHaMP 2016 resurvey and our geomorphic 
2017 survey; stratifying data by the ranges and averages of bed features 
increases the utility and interpretive value of the data for numerous applications. 

  

CHaMP Survey 

(2016)

Mean: 1.84

Max: 2.2

Min: 1.63

Mean: 2.89

Max: 3.48

Min: 2.16

Mean: 1.45

Max: 1.65

Min: 1.21

Mean: 2.23

Max: 2.5

Min: 1.86

M
ax

im
um

 D
ep

th
 (f

t)

Wildland Hydrology 

Survey (2017)

Riffle

Pool

Glide

Run

3.31
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Lack of Continuity Among Bankfull Metrics.  Continuity and consistency among metric estimates 

are important in river datasets to instill confidence in the analyses that use these metrics.  It is 

expected that the morphological parameters of the surveyed reaches are consistently represented by 

the metrics reported in the database.  Unfortunately, CHaMP lacks continuity among many of the 

reported metrics, which calls into question both the accuracy and the value of the metrics.  For 

example, there is a clear lack of continuity among the reported ‘Bankfull Depth Average’, ‘Bankfull 

Area’, and ‘Bankfull Volume’ metrics, where it is expected that the following equations hold true:  

Bankfull Area = Length x Bankfull Width Average 

Bankfull Volume = Bankfull Area x Bankfull Depth Average 

Bankfull Volume / Bankfull Depth Average = Bankfull Area 

However, when we use the last equation and compare the reported ‘Bankfull Area’ estimates to 

the calculated values of ‘Bankfull Volume’ divided by ‘Bankfull Depth Average’ for single-thread 

streams, 1,359 out of 1,711 (80%) site visits surveyed between 2011 and 2016 had more than a 1% 

change between the reported and the calculated values; the expected difference is zero.  

Likewise, there is a clear lack of continuity among the reported ‘Bankfull Width Average’, ‘Bankfull 

Depth Average’, and ‘Bankfull Width to Depth Ratio Average’ metrics, where it is expected that the 

following equation holds true: 

 Bankfull Width Average = Bankfull Depth Average x Bankfull Width to Depth Ratio Average 

However, 1,552 out of 1,711 (90%) site visits had more than a 1% change between the reported ‘Bankfull 

Width Average’ and the calculated values of ‘Bankfull Depth Average’ divided by ‘Bankfull Width to 

Depth Ratio Average,’ and 35% of the visits had more than a 10% change.  Figure 51 displays the 

distribution of the absolute percent change between the reported ‘Bankfull Width Average’ metric and 

the calculated width values for the 1,711 single-thread channel sites visited between 2011 and 2016; the 

expected percent change between the reported and the calculated values is zero.   

 

Figure 51.  Box and Whisker plot 
comparing the ‘Bankfull Width Average’ 
estimates to a calculated Width using 
CHaMP metrics (‘Bankfull Width to Depth 
Ratio Average’ multiplied by ‘Bankfull 
Depth Average’) for single-thread streams, 
indicating the lack of continuity among 
the CHaMP bankfull metrics as the 
comparisons should be equal and thus the 
variance in the plot should be zero. 
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Inconsistencies in Bankfull Identification Among Surveys on Canyon Creek.  Bankfull was 

inconsistently identified among surveys on Canyon Creek (CBW05583-049615), which was previously 

discussed as being a stable, functioning stream with minimal geomorphic change expected.  We 

compared longitudinal profiles and cross-sections extracted from CHaMP DEMs to evaluate the 

bankfull elevations across surveys (see Appendix B for the procedure used to extract DEM data).  

During post-processing activities, however, the final bankfull elevation selected with the “slider tool” is 

not stored and as such cannot be easily referenced to the DEM.  Thus, to obtain a representation of 

CHaMP’s final bankfull elevation by station, the team sampled the DEM at the intersections with the 

bankfull extent polygon.  These intersection points are displayed with the plus (+) symbol in the 

longitudinal profile plot in Figure 52; a linear trendline was fit to these intersection points to represent 

the “final” bankfull elevation selected during post-processing of the data.  The longitudinal profile also 

shows the 2011 channel thalweg profile, water surface, and 2011 and 2012 bankfull points surveyed in 

the field.  Comparing the 2011 and 2012 bankfull field points shows that the 2012 points are more 

representative of the 2011 water surface; it is apparent that the 2012 field crew underestimated 

bankfull.  Inconsistencies among the bankfull elevations across all CHaMP surveys (2011‒2016) are also 

shown in the longitudinal profile plots with the best-fit bankfull trendlines in Figure 53.  

 

 
Figure 52.  Longitudinal profile from CHaMP Data for Canyon Creek (CBW05583-049615) extracted from DEM 
and point files (2011‒2012), indicating that bankfull was underestimated in the 2012 survey. 
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Figure 53.  Longitudinal profiles extracted from the 2011 to 2016 CHaMP DEMs at Canyon Creek (CBW05583-
049615), showing thalweg elevations and best-fit bankfull trendlines, indicating major inconsistencies among 
bankfull elevations. 

 

The same inconsistencies among bankfull elevations displayed longitudinally are also observed in 

cross-sections.  Riffle cross-sections cut at the same location from the 2011 to 2016 CHaMP DEMs are 

displayed against the our cross-section surveyed at the same location in 2017, showing the difference 

in bankfull elevations and channel shape between surveys (Figure 54); the bankfull elevation for each 

cross-section was determined using the best-fit bankfull trendlines we used to represent CHaMP’s 

final bankfull elevation at station 1+52 in Figure 53.  Over the six years surveyed, CHaMP bankfull 

elevations differed by up to 0.64 ft, resulting in changes in bankfull cross-sectional area up to 45% with 

an average bankfull cross-sectional area of 11.88 ft2 (Table 16); bankfull cross-sectional area at this site 

from our 2017 survey is 17.34 ft2 (Table 16).  Also, bankfull mean depths ranged from 0.77 ft to 1.12 ft 

across CHaMP surveys.  Interestingly, the bankfull maximum depths decreased from 1.6 ft in 2011 to 

1.27 ft in 2013 — a reduction of 0.37 ft; however, this change contradicts the cross-section in Figure 54 

as the thalweg in 2013 is 0.2 ft deeper than the thalweg in 2011. 

Unfortunately, CHaMP did not advocate the use of regional curves to validate field-identified 

bankfull points, which would have alleviated the extreme variability in bankfull elevations among 

surveys in Canyon Creek.  We plotted the cross-sectional area values in Table 16 on the regional curve 

we developed for the Lemhi watershed (Figure 55); the drainage area at this site is 47.5 mi2, and the 

regional curve shows that the associated cross-sectional area is 17.6 ft2.  It is apparent that the plotted 

cross-sectional areas for CHaMP surveys in 2012‒2015 plot well below the Lemhi regional curve, 
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which could have prompted field crews to look for a higher, consistent bankfull indicator that existed 

on this site.  If we use our bankfull elevation as a control for all six CHaMP cross-sections, the average 

cross-sectional area across surveys is 17.25 ft2, less than 1% difference from our value of 17.34 ft2 

(Table 17).  In fact, all bankfull values in Table 17 are reasonable and adequately portray the cross-

section dimensions, indicating that it is essential to use a controlled bankfull elevation across surveys. 

 

 
Figure 54.  Comparing riffle cross-sections across CHaMP surveys (2011‒2016) surveys and our 2017 survey on 

Canyon Creek (CBW05583-049615), depicting the inconsistencies in the bankfull elevations. 

 

Table 16. Comparing bankfull dimension values produced using the bankfull elevations respective to the 
survey on Canyon Creek (CBW05583-049615) at a riffle cross-section location, indicating extreme variability in 
the values across surveys. 
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Bankfull Value

Wildland 

Hydrology 

2017

CHaMP 

2011

CHaMP 

2012

CHaMP 

2013

CHaMP 

2014

CHaMP 

2015

CHaMP 

2016

CHaMP 

Average 

2011‒2016

Elevation less Wildland 

Hydrology Bankfull (6,548.59 ft)
0.00 -0.04 -0.68 -0.61 -0.48 -0.58 -0.09 -0.41

Width (ft) 16.43 14.06 11.07 11.31 11.25 12.53 15.15 12.56

Mean Depth (ft) 1.06 1.12 0.77 0.88 0.91 0.93 1.01 0.94

Maximum Depth (ft) 2.03 1.6 1.37 1.27 1.29 1.39 1.77 1.45

Width to Depth Ratio 15.5 12.55 14.38 12.85 12.36 13.47 15 13.44

Cross-Sectional Area (ft2) 17.34 15.68 8.58 9.9 10.21 11.66 15.25 11.88

Drainage Area associated with 

Lemhi Regional Curve (mi2)
39.9 34.3 14.3 17.6 18.4 22.3 33.1 22.9

Riffle Cross-Section 1+52: Comparing Bankfull Values Using Bankfull Elevations Respective to Survey
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Figure 55.  Regional bankfull curve of cross-sectional area/drainage area relations 
developed by the evaluation team for the Lemhi River compared to the published Salmon 
River curve, showing underestimated values for Canyon Creek by the CHaMP observers.   

 

 

Table 17.  Comparing bankfull dimension values produced using the same bankfull elevation as a control 
across surveys on Canyon Creek (CBW05583-049615) at a riffle cross-section location, indicating reasonable 
bankfull values across all surveys.   

 
 

  

Bankfull Value

Wildland 

Hydrology 

2017

CHaMP 

2011

CHaMP 

2012

CHaMP 

2013

CHaMP 

2014

CHaMP 

2015

CHaMP 

2016

CHaMP 

Average 

2011‒2016

Bankfull Elevation (ft) 6,548.59 6,548.59 6,548.59 6,548.59 6,548.59 6,548.59 6,548.59 6,548.59

Width (ft) 16.43 14.89 16.28 15.20 17.79 16.67 15.87 16.12

Mean Depth (ft) 1.06 1.12 1.01 1.16 0.95 1.18 1.03 1.08

Maximum Depth (ft) 2.03 1.67 2.00 1.87 1.77 1.97 1.84 1.85

Width to Depth Ratio (ft) 15.50 13.29 16.12 13.10 18.73 14.13 15.41 15.13

Cross-Sectional Area (ft2) 17.34 16.69 16.46 17.56 16.85 19.61 16.34 17.25

Riffle Cross-Section 1+52: Comparing Bankfull Values Across Surveys Using a Controlled Bankfull Elevation
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The inconsistencies in bankfull identification also translate to the reported bankfull metrics for 

Canyon Creek (CBW05583-049615).  Figure 56 shows the extreme variation in the reported bankfull 

area (i.e., surface area of the bankfull polygon) and bankfull volume metrics when analyzing the 

absolute percent changes in estimates relative to the 2011 survey; from 2011‒2016, bankfull surface 

area ranged from 478 to 621 m2, and bankfull volume ranged from 113 to 238 m3 on the stable reach.  

When comparing the 2011 and 2012 surveys, bankfull volume changed by 52% and bankfull surface 

area changed by 23% (Figure 56).   The discrepancies in bankfull area across surveys (and across 

other Lemhi sites) are also shown in the bivariate plot in Figure 57.  We visited these sites in 2017 

and reviewed the associated CHaMP data and concluded that the variation in the reported bankfull 

surface area metrics is a result of inconsistent bankfull calls in the field and is not reflective of 

morphological change in the channels. 

 

 
Figure 56.  The absolute percent change in the reported bankfull area and bankfull volume estimates relative 
to the 2011 survey on Canyon Creek (CBW05883-049615).  
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Last, in addition to the effects that inconsistent bankfull identification among surveys has on 

bankfull metrics, numerous auxiliary metrics that use the bankfull elevation as a frame of reference 

for data collections are also affected as previously listed in Table 14.  For example, large woody 

debris counts within the bankfull channel increased by 55% between 2012 and 2015 (Table 18) on a 

lower site on Canyon Creek (CBW05583-042447, Figure 58) due to increasing the bankfull extents 

and associated bankfull area polygons where LWD is counted (Figure 59).  Elevating the bankfull 

stage in 2015 also resulted in numerous side channels being included in the bankfull channel count 

(an increase of 1 count in 2012 to 5 counts in 2015).  If a new side channel developed between 2012 

and 2015, this new channel would be evident in the 2015 photograph (Figure 58) that was taken at 

the point of divergence for the first side channel (left bank). 

  

Figure 57.  Variation in 
bankfull area between 
first year survey and 
subsequent surveys for 
three sites in the Lemhi 
Watershed. 
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Table 18.  Comparing bankfull metrics and large woody debris counts 
between surveys conducted in 2012 and 2015 on Canyon Creek (CBW05583-
042447), indicating significant changes that did not occur but rather reflect 
the inconsistencies in bankfull identification.  

Metric 2012 2015 Percent Change 

Bankfull Area (m2) 383 m2 633 m2 63% 

Bankfull Volume (m3) 112 m3 158 m3 41% 

Bankfull Channels Count 
(main plus side channels) 

1 5 500% 

Large Woody Debris 
Count (Bankfull) 

86 133 55% 

 

 

 
Figure 58. Canyon Creek (CBW05583-042447) photos taken by CHaMP crews in 2012 and 2015 at top of site and 
facing downstream, indicating insignificant changes in the bankfull morphology and large woody debris counts. 

 

 
Figure 59.  Comparing bankfull areas and centerlines between the 2012 and 2015 surveys on Canyon Creek 
(CBW05583-042447), indicating a significant increase in the bankfull area in the 2015 survey. 

2012 2015 
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Bankfull Channel Count  

Bankfull channel count refers to the number of channel segments (mainstem and side channels) 

identified in the bankfull channel.   Channel counts displayed in Figure 60 both increased and 

decreased in number from the initial survey.  The consistency in bankfull channel counts across 

surveys differs between streams initially classified as single-thread versus multiple-thread (Table 

19).  In single-thread systems, 87% of revisits did not change channel count relative to the first 

survey; however, channel counts in multi-thread systems changed by 79% when comparing 

subsequent surveys to first surveys, indicating the difficultly to consistently classify channel 

segments in multi-thread systems.  For sites where the channel count varied between surveys, 

59% of the comparisons varied by 1 channel count.  However, there were also extreme differences 

in channel counts among surveys; on the Tucannon (CBW05583-481459), channel counts 

decreased from 15 to 1 between 2011 and 2012, and on the Methow (CBW05583-035097), channel 

counts increased from 1 to 8 between 2011 and 2014. 

Although there are likely instances where channel counts did change between surveys at a site, the 

variability in the channel count comparisons (Figure 60) can be explained largely by differences in 

the bankfull elevations between visits in addition to changes in the field methods where small side 

channels were surveyed starting in 2014.  Sites associated with differing bankfull channel counts 

among surveys require further analyses to improve the accuracy of the metrics, including 

correcting bankfull elevations and reclassifying side channels.   

 
Figure 60. Bivariate plot depicting the differences between bankfull channel 
counts from between year CHaMP surveys. 
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Table 19.  Comparing single-thread and multi-thread channels and changes in total channel counts 
between first year and subsequent year surveys in eight CHaMP pilot watersheds 2011‒2016. 

 
 

Bankfull Area  

Bankfull area is the total bankfull surface area of a site generated from the DEM and bankfull 

polygon.  Like channel counts, bankfull surface area of the reach varies as a function of differing 

bankfull calls in the field.  Additional error is introduced during post-processing of the data where 

the final bankfull polygon is defined using the RBT slider tool in addition to errors found during 

metric regeneration processes.  The sampling variability and post-processing errors are inherent in 

the replicate QC visit data where sites are surveyed within the same year, and thus, changes in the 

site condition are assumed to be minimal.  Table 20 shows that the median absolute percent 

change in bankfull area in subsequent surveys relative to the first survey is 9.9% for all 

watersheds.  This variation is similar to the between year comparisons of primary CHaMP surveys 

where the median absolute percent change in bankfull area is 9.1%; Figure 61 displays the 

variability in bankfull surface area for all primary visit comparisons.  The inset plot shows the 

relative scatter of the data encompassing the entire dataset (axes extend to 55,000 m2) with the 

larger plot limiting the axes to 2,000 m2 to display the variability within smaller streams.  Overall, 

further analyses are required to improve the accuracy of the bankfull area data, including 

correcting bankfull elevations and post-processing errors. 

Table 20. Comparing between year and within year median values of the absolute percent change in bankfull 
area values (First Survey ‒ Subsequent Survey)/First Survey) for the eight pilot watersheds, 2011‒2016. 

Watershed 

Primary Visits – Between 
Year Median Values 

Replicate QC Visits – Within 
Year Median Values 

Absolute 
Percent 
Change 

Bankfull Area 

Number of 
Pairs 

Absolute 
Percent 
Change 

Bankfull Area 

Number of 
Pairs 

Entiat 7.7% 175 9.5% 11 

John Day 14.6% 75 12.2% 11 

Lemhi 13.2% 86 7.4% 7 

Methow 8.9% 61 7.3% 4 

South Fork Salmon 9.4% 93 3.7% 8 

Tucannon 8.2% 92 10.2% 10 

Upper Grande Ronde 8.6% 201 12.4% 55 

Wenatchee 7.5% 56 11.3% 7 

All Watersheds 9.1% 839 9.9% 114 

Change/No Change in 

Bankfull Channel Count
Number Percent Number Percent

No Change in Count 834 87% 26 21%

Change in Count 128 13% 95 79%

Total: 962 100% 121 100%

Single-Thread Streams Multi-Thread Streams 
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Figure 61. Bivariate plot depicting the differences between bankfull area estimates from between 
year CHaMP surveys with axes scaled to 2,000 m2 (inset graph extends to 55,000 m2). 

 

 

The discrepancy in bankfull area due to measurement and post-processing errors in addition to data 

management is illustrated comparing 2012 and 2015 surveys on Agency Creek (CBW05583-019295).  

Table 21 indicates a significant increase in bankfull area between the surveys (2.5‒3 times greater in 

2015).  The increase is due to incorporating a surface well outside and unconnected to the stream 

channel into the bankfull area calculation (Figure 62).  This area should not be included in the 2015 

calculation, but it remains in the database despite QA/QC checks by field personnel and office 

analysts.  In addition, note the difference in the reported 2012 area metric in Table 21 for different 

database versions.  The shape file from the 2012 survey has an area of 407.41 m2, the same value as 

reported in the November 2017 dataset.  However, the February 2018 database reports a value of 

545.35 m2 — a value not supported by the 2012 shape file. 

Table 21. Comparing bankfull area estimates between two datasets 
for 2012 and 2015 surveys on Agency Creek (CBW05583-019295). 

 

2012 2015

November, 2017 407.41 m2 1,336.36 m2

February 5, 2018 545.35 m2 1,336.36 m2

Dataset 
Bankfull Area (m

2
)
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Figure 62. Overlay of 2012 and 2015 bankfull polygon shape files for Agency Creek (CBW05583-019295). 

 
An additional example illustrating the discrepancy in bankfull area due to measurement and post-

processing errors is shown when comparing 2011 and 2014 surveys on the Lemhi River mainstem 

(CBW05583-020943).  In this case, the extents of the survey were increased in 2014 despite the field 

method emphasizing the importance of starting and ending surveys at the same location (Figure 63).  As 

reported in the November 2017 dataset, the bankfull area in 2011 was 5,190.18 m2, and in 2015 the 

bankfull area was 9,930.92 m2.  It also appears from the overlay in Figure 63 that the bankfull elevation 

in 2011 may be higher than 2014.  Furthermore, the February 2018 dataset reports larger bankfull areas 

for both surveys compared to the November 2017 dataset (an increase of 6 m2 in the 2011 reported value 

and an increase of 4 m2 in the 2014 reported value), indicating issues in metric regeneration processes. 

 
Figure 63. Overlay of 2011 and 2014 bankfull area polygon shape files for the mainstem Lemhi River 
(CBW05583-020943). 
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Bankfull Volume 

The bankfull volume metric that incorporates a vertical dimension shows even larger 

variability between survey comparisons than bankfull area metric as displayed in Table 22.  

For all watersheds, 50% of the 1,083 comparisons had at least a 24% change in bankfull 

volume between the first and subsequent surveys compared to a median change of 9.7% for 

bankfull area.  Without permanent cross-sections and controlled bankfull elevations at each 

site, the between year bankfull metric comparisons cannot discern actual changes in channel 

morphology from sampling variation.  The extreme variability among bankfull volume 

comparisons is displayed in the bivariate plots at different scales in Figures 64‒65 (note that 

bankfull volume and bankfull depth metrics were obtained from the November 2017 dataset 

as these metrics were not available in the February 2018 dataset).  While some variability is 

expected between surveys, the extreme variability displayed in Figures 64‒65 is mostly due to 

sampling variation attributed to inconsistent bankfull identification among surveys.  Further 

analyses are required to improve the accuracy of the bankfull volume data, including 

correcting bankfull elevations.     

 

Table 22. Comparing the difference in the median absolute percent change in bankfull 
volume and area for primary visits in the eight CHaMP pilot watersheds, 2011 —2016. 

 

Entiat 244 21.8% 7.4%

John Day 143 38.0% 14.1%

Lemhi 96 31.0% 13.1%

Methow 95 21.8% 9.2%

South Fork Salmon 100 16.5% 9.4%

Tucannon 106 20.6% 8.6%

Upper Grande Ronde 227 20.7% 8.8%

Wenatchee 72 27.5% 9.0%

All Watersheds 1,083 24.0% 9.7%

Bankfull Volume Bankfull Area

Watershed

Year-to-Year 

Comparisons 

(n)

Percent Change (Absolute) of 

Median Values
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Figure 64.  Bivariate plot depicting the differences between bankfull 
volume estimates from between year CHaMP surveys (all data). 

 
Figure 65. Bivariate plot with axes scaled to 1,000 m3 depicting the differences 
between bankfull volume estimates from between year CHaMP surveys. 
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Bankfull Width, Depth, & Width to Depth Ratio Metrics 

All other bankfull metrics (average width, integrated width, maximum depth, average depth, and 

width to depth ratio) are derived from or defined by the interaction between the bankfull area polygon 

and the DEM and are influenced by the same factors described in the preceding bankfull metric 

evaluations.  Bankfull average width, depth, and width to depth ratio are calculated using cross-

sections generated at 0.5 m intervals along the bankfull centerline and filtered for accuracy.  Average 

bankfull width is the average top width of the cross-section.  Bankfull integrated width is calculated 

from the bankfull surface area of the bankfull polygon divided by the centerline length of the bankfull 

polygon.  Average depth is measured at 10 cm intervals across the cross-section then averaged for all 

cross-sections.  While the standard calculation of average depth is the cross-sectional area divided the 

width, CHaMP generates comparable values.  Average width to depth ratio is calculated using the 

average width divided by the average depth at a single cross-section, then averaged for all the cross-

sections.  Maximum depth is measured from the single deepest part of the bankfull channel.  Large 

variation within the metrics is shown in Figure 66.  The associated bivariate plots (Figures 67‒71) also 

display the scatter between first and subsequent surveys, which is similar to the scatter in other 

bankfull metric plots.  Similar to the other bankfull metrics, further analyses are required to improve 

the accuracy of the bankfull width, depth, and width to depth ratio data. 

 
Figure 66.  Box and Whisker plots depicting absolute percent change in bankfull metrics between primary 
CHaMP surveys conducted from 2011‒2016 on annual or rotating panel sites. 

Y-axis scaled to 200%; outliers extend to 700% 
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Figure 67.  Bivariate plot depicting the differences between bankfull width 
average estimates from between year CHaMP surveys. 

 
Figure 68.  Bivariate plot depicting the differences between bankfull width 
integrated estimates from between year CHaMP surveys. 
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Figure 69.  Bivariate plot depicting the differences between bankfull average 
depth estimates from between year CHaMP surveys. 

 
Figure 70.  Bivariate plot depicting the differences between bankfull max depth 
estimates from between year CHaMP surveys. 
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Figure 71.  Bivariate plot depicting the differences between estimates of bankfull 
width to depth ratio from between year CHaMP surveys.  
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Wetted Channel Points & Metric Evaluations 

The points and lines to define the wetted channel include water surface ‘ws’, left edge of 

water ‘lw’, and right edge of water ‘rw.’  The DEM is used to produce multiple metrics 

associated with the wetted channel consisting of the main channel and side channels; 

these metrics include: 

• Thalweg Depth Avg (DpthThlwg_Avg) 

• Wetted Area (Area_Wet) 

• Wetted Depth SD (DpthWet_SD) 

• Wetted Volume (WetVol) 

• Wetted Width Avg (WetWdth_Avg) 

• Wetted Width to Depth Ratio Avg (WetWDRat_Avg) 

• Thalweg to Centerline Length Ratio (Lgth_ThlwgCLRat) 

The wetted channel metrics are evaluated using Matrices D‒G as summarized in Figures 72‒

73.  The wetted channel boundary identified with the DEM is likely produced from the most 

accurate measurements at time of survey since the water surface points are easy for observers 

to identify.  However, the ability to compare interannual surveys is hindered because the 

wetted channel is dependent on the discharge at time of survey (i.e., temporal variability 

inherent in wetted channel metrics).  Thus, all metrics associated with the wetted channel 

boundary identified in Table 23 will include this temporal variation and any trend analyses 

will be problematic as changes in the metric values over multiple surveys reflect changes in 

discharge rather than true channel condition changes.   

Large variation is shown in Figures 74‒75 for most wetted metrics; the least amount of 

variation is associated with the thalweg length to centerline ratio.  Reporting many of the 

metrics as reach-wide averages limits the interpretive value of the metrics.  Also, the reported 

metric of wetted depth standard deviation has little value without reporting the mean depth 

value as a metric.  Furthermore, assessing limiting factors of habitat associated with varying 

discharges is hindered because the discharge captured at the time of survey is not related to 

flow stage to understand the magnitude, frequency, duration, and timing of flows.  

Nonetheless, the wetted channel metrics have utility for general applications and habitat 

assessments that do not require high accuracy; the DEM and wetted channel boundary can 

also be used to generate standard metrics stratified by bed feature.    
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Table 23.  List of metrics directly affected by wetted channel boundary/discharge stage at 
time of survey (i.e., temporal variability). 

Metrics Affected by Water Surface/Wetted Channel Boundary 

• Wetted Area • Sinuosity 

• Wetted Depth SD • Thalweg Depth Avg 

• Wetted Volume • Thalweg to Centerline Length Ratio 

• Wetted Width Avg • Substrate Est: Cobbles 

• Wetted Width to Depth Ratio Avg • Substrate Est: Coarse and Fine Gravel 

• Wetted Side Channel Percent By Area • Substrate Est: Sand and Fines 

• Wetted Side Channel Width • Substrate Est: Boulders 

• Fast Water Non-Turbulent Area • Substrate < 2mm 

• Fast Water Non-Turbulent Count • Substrate < 6mm 

• Fast Water Non-Turbulent Frequency • Percent Undercut by Area 

• Fast Water Non-Turbulent Percent • Percent Undercut by Length 

• Fast Water Non-Turbulent Volume • Alkalinity 

• Fast Water Turbulent Area • Conductivity 

• Fast Water Turbulent Count • Drift Biomass 

• Fast Water Turbulent Frequency • Discharge 

• Fast Water Turbulent Percent • Fish Cover: Aquatic Vegetation 

• Fast Water Turbulent Volume • Fish Cover: Artificial 

• Slow Water/Pool Area • Fish Cover: LW 

• Slow Water/Pool Count • Fish Cover: None 

• Slow Water/Pool Frequency • Fish Cover: Total 

• Slow Water/Pool Percent • Fish Cover: Terrestrial Vegetation 

• Slow Water/Pool Volume • Large Wood Frequency: Wetted 

• Residual Pool Depth  
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Figure 74.  Box and whisker plots depicting absolute percent changes in wetted channel metrics from 
replicate (within year) surveys largely reflecting changes in flow rather than stream channel adjustments.  

 
Figure 75.  Box and Whisker plots depicting the variation and absolute percent changes in wetted channel 
metrics from between year CHaMP surveys; the large changes in metric values are mainly due to differences 
in discharge rather than stream condition adjustments. 
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Side Channel Metrics 

The bankfull and wetted channel boundaries in the DEM are used to produce side channel 

metrics comprised of qualifying large and small side channels, including: 

• Bankfull Side Channel Width (BfSCWdth) 

• Bankfull Side Channel Width to Depth Ratio Avg (BfSCWDRat_Avg) 

• Wetted Side Channel Width (WetSCWdth) 

• Wetted Side Channel Percent by Area (WetSC_Pct) 

The side channel metrics are evaluated using Matrices D‒G as summarized in Figures 76‒77.  As 

previously discussed, the wetted metrics are dependent of time of survey (i.e., temporal 

variation), and bankfull metrics are associated with subjectivity in identifying bankfull stage.  

Furthermore, changes to the topographic survey method associated with how to survey side 

channels occurred in 2012, 2013, and 2014, including qualifying small side channels being added 

as a Tier I channel unit in 2014 and included within the topographic survey.  Thus, surveys 

conducted from 2011‒2013 did not include qualifying small channels (flow < 16%) within the 

topographic survey, which will affect the ability to compare 2011‒2013 data with 2014‒2016 data.  

Due to observer error and inconsistent bankfull identification, measurements of bankfull side 

channel width and bankfull side channel width to depth ratio are not repeatable across all 

surveys (Figures 78‒79).  For example, within the replicate QC surveys conducted within the 

Grande Ronde in 2011, the bankfull side channel width measurements ranged from 6.3‒15.4 m, 

and the width to depth measurements ranged from 14.8‒43.2.  Similarly, the bivariate replicate 

QC plots for wetted side channel width and percent by area (Figures 80‒81) show the inability to 

repeat measurements; the variability in these plots is larger than the variation within the 

bankfull side channel metrics, likely due to the differences in discharge at the time of surveys 

(i.e., temporal variability).   

The sampling variation inherent in the replicate QC surveys is also reflected within the 

interannual comparisons of the primary CHaMP surveys (Figure 82); hence, side channel metric 

values are not highly accurate for status and trends.  Any use of the data requires further 

desktop analyses to address the sources of sampling variation and to improve metric values, 

such as analyzing bankfull elevation and eliminating outliers. 
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Figure 76.  Completed Matrices D‒F that evaluate the side channel metrics. 

FIELD DATA COLLECTION METHODS:

GENERATED METRICS:

Bankfull Side 

Channel 

Width 
(BfSCWdth)

Bankfull Side 

Channel Width to 

Depth Ratio Avg 
(BfSCWDRat_Avg)

Wetted Side 

Channel 

Percent By 

Area 
(WetSC_Pct)

Wetted Side 

Channel 

Width 
(WetSCWdth)

EVALUATION MATRIX D: Is the Metric (In Current Form) Standard to Habitat Condition Assessments? 

a. Is the metric commonly used in habitat assessments? 

(yes = 0; no = 2)
0 0 0 0

b. Does the metric represent a reach-wide (average) 

condition without consideration of a specified channel 

unit? (no = 0; yes =1)

1 1 1 1

c. If 'yes' for b., is the metric commonly reported by a 

specified channel unit or bed feature to account for 

variance? (no = 0; yes = 1); if 'no' for b., enter 'N/A'

0 0 0 0

d. If 'yes' for c., can metric values be stratified by channel 

unit or bed feature from existing data? (yes = 0; no = 1); if 

'no' or 'N/A' for c., enter 'N/A'

N/A N/A N/A N/A

e. Based on the metric definition, are metric values 

calculated in a standard way? (yes = 0; no = 1)
0 0 0 0

f. If 'no' for e., can a standard value be computed from 

existing data? (yes = 0; no = 1); if 'yes' for e., enter 'N/A'
N/A N/A N/A N/A

IS THE METRIC (IN CURRENT FORM) STANDARD TO 

HABITAT CONDITION ASSESSMENTS? (Sum of a‒e: 0 or 1 = 

Likely Yes; 2‒7 =  Likely No)

1 1 1 1

EVALUATION MATRIX E: Do Metric Values Accurately Quantify Habitat Status at a Given Point in Time? 

a. Are observations subject to sampling variation 

stemming from observer error, timing of sampling, 

and/or equipment limitations? (no = 0; yes = 1)

1 1 1 1

DO METRIC VALUES ACCURATELY QUANTIFY HABITAT 

STATUS AT A GIVEN POINT IN TIME? (from a: 0 = Yes; 1  =  

No)

1 1 1 1

EVALUATION MATRIX F: Do Metric Values Accurately Quantify Habitat Trends?

a. Can any year-to-year changes in metric values be explained by 

a change in field method? (no = 0; yes = 1)
1 1 1 1

b. Can any year-to-year changes in metric values be explained by 

a lack of crew-to-crew repeatability in the field data collection 

methodology? (no = 0; yes = 1)
1 1 1 1

c. Can any year-to-year changes in metric values be explained by 

a lack of adequate QA/QC processes to ensure consistency and 

reliability of data? (no = 0; yes = 1)

1 1 1 1

d. Can any year-to-year changes in metric values be explained by 

seasonal or yearly variability? (no = 0; yes = 1)
0 0 1 1

DO METRIC VALUES PRODUCED OVER MULTIPLE SURVEYS OVER 

TIME ACCURATELY QUANTIFY HABITAT TRENDS? (Sum of a 

through d: 0 = Yes; 1‒4 = No)
3 3 4 4

Side Channel Metrics
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Figure 77.  Completed Matrix G that evaluates the side channel metrics. 

 

 
Figure 78.  Bivariate plot depicting the differences between bankfull side 
channel width estimates collected from the same site in the same year. 

FIELD DATA COLLECTION METHODS:

EVALUATION MATRIX G: Do Metric Values have Utility for Numerous Applications?
a. Are metric values usable in current form for applications that 

require high level of accuracy? (yes = 0; no = 1)

If Rating = '0' or 'yes' (i.e., values usable in current form), skip 

remaining criteria and enter "N/A" in respective fields; If Rating 

b. Are further desktop analyses (e.g., fixing bankfull elevations 

based on regional bankfull hydrology curves, delineating values 

by bed feature, or eliminating outlier values) recommended to 

improve metric values?  (yes = 0; no = 1)

0 0 0 0

c. Following further analyses, are the metric values usable for 

applications that require a high level of precision (e.g., trend 

monitoring)? (yes = 0; no = 1)
1 1 1 1

d. Following further analyses, are the metric values usable for 

broad-level applications that do not require a high level of 

accuracy (e.g., classification schemes and habitat condition 

assessments associated with ranges of values within the 

criteria)? (yes = 0; no = 1)

0 0 0 0

DO THE METRIC VALUES HAVE UTILITY, EITHER IN CURRENT FORM 

OR WITH FURTHER ANALYSES, FOR MANAGEMENT STRATEGIES, 

RESTORATION, EFFECTIVENESS MONITORING, AND/OR 

MODELING APPLICATIONS? (Sum of a through d: 0‒3 = Yes; 4 = 

Likely No)

2 2 2 2

Side Channel Metrics

1 1 11
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Figure 79.  Bivariate plot depicting the differences between estimates of bankfull side 
channel width to depth ratio average collected from the same site in the same year. 

 
Figure 80.  Bivariate plot depicting high variability and the differences between 
wetted side channel width estimates collected from the same site in the same year. 
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Figure 81.  Bivariate plot depicting high variability and the differences between estimates 
of wetted side channel percent by area collected from the same site in the same year. 

 
Figure 82.  Box and Whisker plots depicting the high variability and the percent changes between primary 
CHaMP surveys of side channel metric estimates collected from 2011‒2016 on annual or rotating panel sites. 
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Longitudinal (Reach Length) Metrics 

The longitudinal metrics generated from the DEM are dependent on the reach length, including: 

• Thalweg Site Length (Lgth_Thlwg) 

• Sinuosity (Sin and Sin_CL) 

• Gradient (Grad) 

The longitudinal metrics are evaluated using Matrices D‒G as summarized in Figures 83‒84.  These 

metrics depend on where the survey crew starts and ends their survey.  While resurvey instructions 

in 2012 emphasized the importance of beginning and ending surveys at the previous top and bottom 

of site locations, surveys were not consistent thereby affecting reach lengths.  Nevertheless, the 

longitudinal metrics are prone to less variability as shown in Figures 85‒86 than the other metrics 

obtained from the topographic survey.  However, there is still more variability in the metrics than 

expected given the technology used to perform the survey, particularly in the gradient metric that is 

sensitive to changes in the survey extent.  Evaluation discussions for each metric are provided. 

 
Figure 83.  Completed Matrices D‒E that evaluate the longitudinal metrics. 

GENERATED METRICS: Sinuosity (Sin)

Thalweg Site 

Length 

(Lgth_Thlwg)

Gradient (Grad)

EVALUATION MATRIX D: Is the Metric (In Current Form) Standard to Habitat Condition Assessments? 

a. Is the metric commonly used in habitat assessments? (yes = 0; no = 2) 0 0 0

b. Does the metric represent a reach-wide (average) condition without 

consideration of a specified channel unit? (no = 0; yes =1)
1 1 1

c. If 'yes' for b., is the metric commonly reported by a specified channel 

unit or bed feature to account for variance? (no = 0; yes = 1); if 'no' for 

b., enter 'N/A'

0 0 0

d. If 'yes' for c., can metric values be stratified by channel unit or bed 

feature from existing data? (yes = 0; no = 1); if 'no' or 'N/A' for c., enter 

'N/A'

N/A N/A N/A

e. Based on the metric definition, are metric values calculated in a 

standard way? (yes = 0; no = 1)
1 0 1

f. If 'no' for e., can a standard value be computed from existing data? 

(yes = 0; no = 1); if 'yes' for e., enter 'N/A'
0 N/A 0

IS THE METRIC (IN CURRENT FORM) STANDARD TO HABITAT CONDITION 

ASSESSMENTS? (Sum of a‒e: 0 or 1 = Likely Yes; 2‒7 =  Likely No)
2 1 2

EVALUATION MATRIX E: Do Metric Values Accurately Quantify Habitat Status at a Given Point in Time? 

a. Are observations subject to sampling variation stemming from 

observer error, timing of sampling, and/or equipment limitations? (no = 

0; yes = 1)

1 1 1

DO METRIC VALUES ACCURATELY QUANTIFY HABITAT STATUS AT A 

GIVEN POINT IN TIME? (from a: 0 = Yes; 1  =  No)
1 1 1

Profile MetricsFIELD DATA COLLECTION METHODS:
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Figure 84.  Completed Matrices F‒G that evaluate the longitudinal metrics. 

GENERATED METRICS: Sinuosity (Sin)

Thalweg Site 

Length 

(Lgth_Thlwg)

Gradient (Grad)

EVALUATION MATRIX F: Do Metric Values Accurately Quantify Habitat Trends?

a. Can any year-to-year changes in metric values be explained by a change in field 

method? (no = 0; yes = 1)
0 0 0

b. Can any year-to-year changes in metric values be explained by a lack of crew-to-

crew repeatability in the field data collection methodology? (no = 0; yes = 1)
1 1 1

c. Can any year-to-year changes in metric values be explained by a lack of 

adequate QA/QC processes to ensure consistency and reliability of data? (no = 0; 

yes = 1)

1 1 1

d. Can any year-to-year changes in metric values be explained by seasonal or 

yearly variability? (no = 0; yes = 1)
0 0 0

DO METRIC VALUES PRODUCED OVER MULTIPLE SURVEYS OVER TIME ACCURATELY 

QUANTIFY HABITAT TRENDS? (Sum of a through d: 0 = Yes; 1‒4 = No)
2 2 2

EVALUATION MATRIX G: Do Metric Values have Utility for Numerous Applications?
a. Are metric values usable in current form for applications that require high level 

of accuracy? (yes = 0; no = 1)

If Rating = '0' or 'yes' (i.e., values usable in current form), skip remaining criteria 

and enter "N/A" in respective fields; If Rating = '1' or 'no', continue with criteria 

b. Are further desktop analyses (e.g., fixing bankfull elevations based on regional 

bankfull hydrology curves, delineating values by bed feature, or eliminating 

outlier values) recommended to improve metric values?  (yes = 0; no = 1)
0 0 0

c. Following further analyses, are the metric values usable for applications that 

require a high level of accuracy (e.g., trend monitoring)? (yes = 0; no = 1)
0 0 0

d. Following further analyses, are the metric values usable for general 

applications that do not require a high level of accuracy (e.g., classification 

schemes and habitat condition assessments associated with ranges of values 

within the criteria)? (yes = 0; no = 1)

0 0 0

DO THE METRIC VALUES, EITHER IN CURRENT FORM OR WITH FURTHER ANALYSES, 

HAVE UTILITY FOR MANAGEMENT STRATEGIES, RESTORATION, EFFECTIVENESS 

MONITORING, AND/OR MODELING APPLICATIONS? (Sum of a through d: 0‒3 = 

Yes; 4 = Likely No)

1 1 1

FIELD DATA COLLECTION METHODS:

1 11

Profile Metrics
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Figure 85.  Box and Whisker plots depicting the absolute percent changes between QC samples of 
profile metric estimates collected from the same site in the same year by different crews. 

 
Figure 86.  Box and Whisker plots depicting the absolute percent changes between primary CHaMP 
surveys for profile metrics measured from 2011‒2016 on annual or rotating panel sites from the 
February 2018 dataset (outliers extend to 400%). 
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Thalweg Site Length 

Figure 87 shows the between year variability in thalweg site length for the eight pilot watersheds 

using primary visits between 2011 and 2016.  The scatter is more than expected given the 

emphasis in starting and ending surveys at the same locations as previous surveys.  Small 

differences in thalweg length are likely a function of subjective survey rod placement and point 

frequency between years; large differences are likely due to changes in the length of channel 

surveyed.  Any sampling error in thalweg site length is directly transferred to the sinuosity and 

gradient metrics.  For trend analyses that require high accuracy, thalweg site length for each site 

can be recalculated using the same extents of the survey to improve metric values. 

 

 
Figure 87.  Bivariate plot depicting the differences between thalweg site length 
estimates from between year CHaMP surveys.  
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Sinuosity 

Sinuosity is calculated as the ratio of the thalweg site length to the straight-line distance between the 

start and end points of the thalweg.  Standard calculations of sinuosity use the centerline of the 

bankfull channel because it is more consistent and reflective of the energy that influences channel 

pattern rather that the thalweg site length; using the thalweg length in the calculation can lead to 

inconsistent measurements because thalweg length can be laterally erratic.  Nevertheless, the overall 

variability in sinuosity between first and subsequent surveys is relatively low (Figure 88), and the 

variation that is present is most likely a result of changes in the length of channel surveyed.  Note that 

CHaMP also calculates sinuosity using the ratio of the wetted centerline length and the straight-line 

distance between the start and end points of the wetted centerline (Sin_CL); variation in the bivariate 

plot for this calculation of sinuosity is also low even with the influence of varying discharges among 

surveys.  Overall, sinuosity has great utility for restoration and modeling applications.  For 

applications that require high accuracy including trend analyses, sinuosity can be recalculated using 

centerline distances and the same start and end points of the thalweg among surveys.   

 
Figure 88. Bivariate plot depicting the differences between sinuosity (thalweg site length/straight-line 
length) estimates from between year CHaMP surveys (the inset plot depicts sinuosity calculated using 
wetted centerline length/straight-line length indicating similar variability for the same scale). 
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Gradient 

CHaMP’s gradient is calculated as the difference in elevation between the water surface at top of 

site and bottom of site divided by thalweg site length.  Standard calculations measure stream 

gradient as the elevation difference between like bed features (e.g., top of riffle to top of riffle) 

(Harrelson et al., 1994) divided by the centerline length of the bankfull channel.  Thus, CHaMP’s 

gradient estimates may not reflect the true channel gradient if surveys start and end at different 

channel features or locations within a channel feature (e.g., starting survey at the mid-point of a 

riffle and ending the survey at the tailout of a pool).  When comparing CHaMP surveys, 

measurement error is likely present for surveys that started and ended in different locations and 

for surveys that have differing thalweg site lengths due to changing the extents of the survey. 

However, perhaps more concerning than the potential measurement error in the gradient values 

is the variability in the reported gradients between dataset versions.  We compared gradient for 

CHaMP primary visits from 2011 to 2016 between the November 2017 dataset (Figure 89) and the 

February 2018 dataset (Figure 90), and we found that as CHaMP metrics are regenerated, the 

values reported in the dataset change or vanish completely.  For example, although the plots in 

Figures 89‒90 represent the same data, they appear completely different.  In the November 2017 

dataset (Figure 89), the gradient values above one percent were truncated to the nearest whole 

number.  The February 2018 dataset reported appropriate significant figures for gradient 

following project inquiries to CHaMP personnel; however, the dataset now includes several 

negative slope values (Figure 90).  Furthermore, in the November 2017 dataset, the reported 

gradient for site visit 300 in 2011 (Methow River CBW05583-005753) was 0.242%; the February 

2018 dataset lists the gradient for this site visit as 1.1754%, about five times greater, which is 

displayed in the Figure 90 plot. 

The bivariate plot representative of the February 2018 dataset using the absolute value for all 

reported gradients (no negative values) is shown in Figure 91.  Although the variability in 

gradient appears low in the Box and Whisker plots (Figures 85‒86) and bivariate plots (Figure 91) 

compared to other metrics, gradient is sensitive to slight changes; the plots also display an 

extensive number of outlier values.  Although gradient can change (e.g., avulsions, headcuts, 

aggradation), the variability in the plots is larger than expected among surveys and is attributed 

to measurement error and database reporting/metric generation rather than true changes in 

gradient.  Further desktop analyses can improve gradient values with the removal of outliers and 

negative values.  The DEM can also be used to produce a longitudinal profile to calculate gradient 

by measuring elevation differences between similar bed features; facet slopes of individual bed 

features can also be determined.  Following desktop analyses, gradient has excellent utility for 

restoration and modeling applications.   
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Figure 89.  Between year comparisons gradient for eight CHaMP pilot watersheds for 
primary visits from 2011 to 2016 using the November 2017 dataset. Note discrete 
data from 1‒10% (values truncated). 

 
Figure 90.  Bivariate plot depicting the differences between gradient estimates from 
between year CHaMP surveys using the February 2018 dataset. Note continuous data 
from 1‒10% and the negative slope values. 
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Figure 91.  Between year comparisons gradient for eight CHaMP pilot watersheds 
for primary visits from 2011 to 2016 using the February 2018 dataset with absolute 
values for slope (no negative numbers). 
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Key Findings: Topographic Survey Summary 

The topographic survey method is used to create a DEM of the stream channel and surrounding 

floodplain; the DEM is used to generate numerous metrics, including bankfull channel, wetted 

channel, side channel, longitudinal, and channel unit metrics.  While the DEM undoubtedly has 

utility for numerous applications, we find that the documented uncertainties and errors in 

DEMs to represent topographic surfaces limit the ability to accurately define key features and 

generate highly accurate metrics within a reach.  However, the DEM does provide an adequate 

portrayal of the channel boundary for general applications that do not require high accuracy 

(although comparing features above the bankfull channel across surveys is discouraged as 

floodplain and terrace features are often not adequately defined). 

Changes to the topographic survey method also limit the ability to compare interannual 

surveys; the most significant change to the method was adding small side channels associated 

with less than 16% of the flows to the survey in 2014; prior to 2014, small side channels were 

not encompassed in the survey.  Also, the methods to identify certain points are subjective 

and dependent on discharge stage at time of survey and thus introduce sampling variation.  

Bankfull Channel Points & Metrics.  The bankfull point collection method is used to define 

the boundary of the channel, including the main channel and any side channels.  We find 

many shortcomings in the method that impede the ability of field crews to appropriately and 

consistently identify bankfull features, including: 

• Lack of emphasis and understanding of the bankfull channel boundary and its 

important relation to the formation, maintenance, and dimensions of the channel 

• No validation of the field-identified bankfull points with regional hydrology curves 

• Resurveys intended to detect geomorphic change do not use the bankfull 

elevation from the first survey as a control 

• Lack of data processing and QA/QC measures to ensure bankfull points and the 

final bankfull elevation are accurate and representative of field conditions 

In addition to significant impacts to the bankfull metrics, the inability to consistently identify 

bankfull also impacts auxiliary data collections, such as large woody debris counts, that use the 

bankfull channel boundary as a frame of reference. 

Overall, the bankfull metrics are not accurate with large disparities in metrics among surveys 

and limited utility for numerous applications due to several factors:   

1) Reporting a single, reach-averaged metric per site rather than stratifying by bed feature 

2) Lack of continuity among bankfull metrics  

3) Inconsistencies in identifying bankfull among surveys 

4) Changes in field data collection methods 

5) Reported metric discrepancy in database versions 

6) Lack of stratification by stream type and condition to explain variance 
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Each of these factors can be addressed to improve metric utility.  The DEM can be used to 

produce cross-sections and longitudinal profiles for analyses and generating standard variables 

stratified by bed feature, including riffles, runs, pools, and glides.  Regional hydrology curves 

can also be used to verify field-identified bankfull elevations.  Following further analyses, the 

bankfull metrics will have utility for general applications that do not require high accuracy. 

Wetted Channel Points & Metrics.  The wetted channel points are dependent on discharge 

stage at time of survey and thus introduce temporal variation into the generated metrics.  This 

impedes the ability to compare interannual surveys as the variation in metric comparisons 

across surveys is large.  Reporting many of the wetted channel metrics as reach-wide averages 

also limits the interpretive value of the metrics.  Furthermore, assessing limiting factors of 

habitat associated with varying discharges is hindered because the discharge captured at the 

time of survey is not related to flow stage to understand the magnitude, frequency, duration, 

and timing of flows.  Nonetheless, the wetted channel metrics have utility for general 

applications and habitat assessments that do not require high accuracy; the DEM and wetted 

channel boundary can also be used to generate standard metrics stratified by bed feature. 

Side Channel Metrics.  The bankfull and wetted channel boundaries in the DEM are used to 

produce side channel metrics comprised of qualifying large and small side channels.  The 

metrics include sampling variation attributed to temporal variation and subjectivity in 

identifying the bankfull stage.  Moreover, the surveys conducted from 2011‒2013 did not include 

qualifying small side channels within the topographic survey, which will affect the ability to 

compare interannual surveys across survey years.  Overall, large sampling variation is inherent 

in the metrics, and hence, the metrics are not highly accurate for status and trends.  Any use of 

the data requires further analyses to address the sources of sampling variation and to improve 

metric values, such as analyzing bankfull elevation and eliminating outliers. 

Longitudinal Metrics.  The longitudinal metrics are dependent on the reach length and thus 

depend on where the survey crew starts and ends their survey.  Despite emphasizing the 

importance of beginning and ending surveys at the previous top and bottom of site locations, 

surveys were not consistent thereby affecting reach lengths.  Nevertheless, the longitudinal 

metrics are prone to less variability than the other metrics obtained from the topography survey.  

However, there is still more variability in the metrics than expected, and metric values can be 

improved with further analyses.  These analyses include recalculating site lengths using similar 

reach extents across surveys and recalculating the metrics that use non-standard definitions. 
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Channel Unit Level Attributes  

Completed Matrices B and C that evaluate all the auxiliary methods for channel unit level attributes 

are shown in Figure 92.  These results are discussed by field data collection method.  Within each 

field data collection method, further evaluations of the metric values are provided. 

 
Figure 92.  Completed Matrices B and C that evaluate the auxiliary methods for channel unit level attributes. 

 

  

List all years that field method changed or N/A if not applicable (If 

N/A, criteria A through D will score "0")

2012, 2013, 

2014, 2015
2013, 2014 2012

2012, 

2013, 

2014

2012, 

2013, 

2014

2012, 

2013
2012

a. Did the field method change in any year? (no = 0; yes = 1) 1 1 1 1 1 1 1

b. Did the field method change in multiple years? (no = 0; yes = 1) 1 1 0 1 1 1 0

c.  Do any changes in the field collection method impact the metrics 

generated from the respective field method?  (no = 0; yes = 1)
1 1 1 1 1 1 1

d. Are any changes in the field data collection methods significant 

enough that the metrics generated before the change are likely 

different than the values produced after the change? (no = 0; yes = 1)

1 1 1 1 1 1 1

DO TEMPORAL CHANGES IN FIELD METHOD POTENTIALLY INFLUENCE 

THE ABILITY TO COMPARE INTERANNUAL SURVEYS? (Sum of a 

through d: 0‒2 = Likely No; 3 or 4 = Likely Yes)

4 4 3 4 4 4 3

a. From Evaluation Matrix B, did the field methods change during the 

duration of the project in ways that influence the ability to compare 

interannual surveys? (no = 0; yes = 1)

1 1 1 1 1 1 1

b. Is the field data collection methodology robust in the sense that it 

is highly repeatable from crew to crew and year to year (accounting 

for residual variation)? (yes = 0; no = 1)

1 1 1 1 1 1 1

c. Does seasonal or yearly variation influence any metrics generated 

from the field method? (no = 0; yes = 1)
1 1 1 1 1 0 0

d. Is the field method prone to subjectivity? (no = 0; yes = 1) 1 1 1 1 1 1 1

DOES THE FIELD METHOD PRODUCE ACCURATE DATA TO DESCRIBE 

HABITAT STATUS AND TRENDS? (Sum of a through d: 0 = Likely Yes; 

1‒4 = Likely No)

4 4 4 4 4 3 3

EVALUATION MATRIX B: Do Temporal Changes in Field Method Potentially Influence the Ability 
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Fish Cover 

Assessments of fish cover are among the most important components of salmonid habitat 

surveys.  The nature of fish cover is a function of various geological, geomorphic, hydrologic, 

vegetative, and land use conditions, all of which impact pool depths, surface turbulence, water 

clarity (including shade and darkness), instream wood, streambank undercuts, and overhanging 

riparian vegetation.  Fish cover can influence the survival, carrying capacity, size structure, 

community composition, and seasonal use of habitat of many salmonids. 

The field data collection method visually estimates five fish cover elements (i.e., woody debris, 

overhanging vegetation and live tree roots, aquatic vegetation, artificial structures, and total no 

fish cover) within each channel unit and within the wetted channel or less than one meter above 

the water surface; estimates are rounded to the nearest 5% and are summed to equal 100% 

(CHaMP, 2016).  Observer subjectivity is inherent in the field method as cover elements are 

visually estimated within each channel unit.  Although subject to observer error, visual estimates 

of fish cover expressed as a percent to the nearest 5% represent a common method in habitat 

assessments (McMahon et al., 1996); thus, some error is inherent and should be an expected 

outcome of a standard method.  However, the visual estimates also depend on the wetted channel 

area, which will result in additional sampling variation based on time of survey. 

The field data collection method changed significantly between 2011 and 2014.  In 2011, cover 

elements included total no fish cover, large woody debris (> 0.3 m diameter), overhanging 

vegetation and live trees or roots, undercut banks, and artificial structures (including rip-rap, 

structures placed in the channel for fish restoration, tires, old cars, and those placed for 

diversions, impoundments, channel stabilization and other purposes).  In 2012, CHaMP removed 

undercut banks from the fish cover attributes in favor of a standalone method for undercut banks.  

Woody debris was redefined as having no size requirements to be considered fish cover in 

addition to incorporating boards, railroad ties, and wood placed for restoration within the wood 

category.  Methods changed again in 2013 to exclude boulders and to include ‘non-qualifying’ 

undercuts.  In 2014, the definitions of artificial structures removed language associated with 

certain artificial structures (i.e., materials placed in the stream for diversions, impoundment, 

channel stabilization, or other purposes), but included rip-rap or logs placed for restoration.  

Also, ‘qualifying’ undercuts were added to the ‘no fish cover’ element.  In 2015, cover elements 

included instream woody debris, overhanging vegetation and live tree roots, aquatic vegetation, 

and certain artificial structures (e.g., tires, cars, concrete), though other artificial structures (e.g., 

rip-rap or logs placed for restoration) are not included in the category.  With these changes, 

definitions of ‘no fish cover’ shifted markedly in 2012, 2013, and 2014.     

Overall, the observer and temporal variability and the changes to the field method significantly 

influence the accuracy of the fish cover metrics.  Metrics are generated for each of the five cover 

element categories representing the percent of wetted area that has the respective fish cover 

element within the reach; the total fish cover metric is also generated for the entire reach defined 

as the percent of wetted area with aquatic vegetation, artificial structures, woody debris, and 

terrestrial vegetation.  The following are the specific metrics: 
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• Fish Cover: Aquatic Vegetation (FishCovAqVeg) 

• Fish Cover: Artificial (FishCovArt) 

• Fish Cover: LW (FishCovLW) 

• Fish Cover: None (FishCovNone) 

• Fish Cover: Terrestrial Vegetation (FishCovTVeg) 

• Fish Cover: Total (FishCovTotal) 

The fish cover metrics are evaluated using Matrices D‒G as summarized in Figures 93‒94.  

These metrics are not consistently estimated due to the lack of repeatability in the field method.  

Although absolute differences in each of the fish cover metrics appear small (median absolute 

differences for replicate surveys are < 10% for all metrics; Figure 95), it is important to highlight 

that the data themselves mostly vary from 0% to 25%.  Thus, an absolute error of 10% can span 

most of the observed distribution of the data (e.g., Figure 96).  Furthermore, the observed 

deviations are positively skewed, with many large errors observed for each metric.  As such, the 

dataset provides a limited representation of accurate habitat status. 

Nevertheless, there is a positive relationship between the first and subsequent surveys for 

important metrics that are directly relevant to salmon populations (e.g., large wood fish cover, 

Figure 97).  Thus, some of the fish cover data are potentially of use for identifying general fish 

habitat relationships in the Columbia River Basin.  We strongly suggest that users carefully 

consider the inherent variability in these metrics prior to modeling applications but note that the 

dataset has utility in this context, particularly values in the upper and lower quartiles.  Modeling 

applications may want to consider treating the data as a binary (no/low vs. high) representation 

of habitat condition and acknowledge limitations in the data. 
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Figure 95.  Box and Whisker plots depicting the absolute differences between replicate QC samples of 
fish cover estimates collected from the same site in the same year by different crews. 

 
Figure 96.  Box and Whisker plots depicting the absolute differences between primary CHaMP surveys of 
fish cover estimates collected from 2011‒2016 on annual or rotating panel sites. 
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Figure 97.  Bivariate plot depicting the differences between large wood fish cover 
estimates from between year CHaMP surveys. 

 

Fish Cover: Aquatic Vegetation (FishCovAqVeg) 

Though aquatic vegetation can be a seasonal form of fish cover in certain stream environments, 

aquatic vegetation surveys are more common to valley bottom streams or lentic (lake/pond) 

environments.  Following a review of the literature, mention of aquatic vegetation surveys for 

streams is limited in standard habitat protocol reference manuals (Murphy and Willis, 1996; Bain 

and Stevenson, 1999; Kaufmann et al., 1999), regional surveys (Overton et al., 1995), and regional 

methods (Overton et al., 1997; Heitke et al., 2008).  In addition, CHaMP 2011 (Bouwes et al., 2011) 

made no mention of aquatic vegetation in the original survey methods for fish cover.  Also, we 

were unable to obtain the fish cover survey methods (Peck et al., 2001) cited in CHaMP 2011 

because the EPA link is no longer supported.  Based on this review (and field experience), aquatic 

vegetation is not considered to be a common habitat metric for salmonid habitat assessments for 

streams, especially mountain streams. 

Recognizing the limitations of this metric is important.  In some cases, the potential use of this 

metric may apply to fine-grained streams, water quality impaired streams or spring creeks with 

high macrophytic or algae growth, or as a means of differentiating stream productivity.  Given 

the inaccuracy of the measurement (Figure 98), we suggest this information could be summarized 

qualitatively (e.g., high, moderate, low) or as presence/absence (e.g., Kaufmann et al., 1999). 
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Figure 98.  Bivariate plot depicting the differences between estimates of aquatic 
vegetation fish cover from replicate QC surveys. 

Fish Cover: Artificial (FishCovArt) 

Fish cover metrics usually include water depth, water turbulence, large substrates, overhanging 

or undercut banks, riparian vegetation, and woody debris.  Though certain artificial structures 

(structures placed for restoration) could technically be defined as fish cover, we found little 

mention of artificial structures in standard habitat assessment literature (Bjornn and Reiser, 1991; 

Overton et al., 1995, 1997; Stevenson and Bain, 1999; McMahon et al., 1996; but see Kaufmann et 

al., 1999).  Also, because we were unable to obtain the fish cover link to the EPA methodology 

(Peck et al., 2001), we could not review the methods cited by Bouwes et al. (2011) regarding the 

integration of artificial structures in the habitat surveys. 

In the general literature, most habitat surveys describe natural conditions; whereas, several 

artificial structures defined by CHaMP appear to be indicators of degradation and adverse habitat 

change with the exception of those used for restoration.  For most surveys, artificial structures 

would be ancillary information relative to natural conditions.  Therefore, without clear habitat 

survey objectives with respect to natural versus human-induced stream conditions, we do not 

understand how artificial structures defined under the CHaMP protocol can be considered a 

standard technique.  As a result, this information does not appear to be useful at a large spatial 

scale but may have some value at the scale at which the data was collected. 
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Fish Cover: LW (FishCovLW) 

Large instream wood represents an important habitat component in many cold and warm water 

streams and for many life stages of salmonids.  Though the size of wood classifications may vary 

depending on the purpose of the survey, estimates of instream cover in the form of large wood are 

standard to most stream habitat assessments (e.g., Platts et al., 1987; Bjornn and Reiser, 1991; 

McMahon et al., 1996; Overton et al., 1997; Gregory et al., 2003).  According to McMahon et al. (1996), 

the typical definition of large wood is pieces greater than 1‒2 m long and 10 cm in diameter.  The 

original fish cover metric produced from the 2011 protocol defines large wood greater than 0.3 m in 

diameter, which represents woody stems with strong and controlling influence on channel 

morphology and in creating and maintaining important habitat features.  This large wood 

classification was removed from the fish cover methodology in 2012 in favor of wood with no size 

requirement.  Though not explicit, LWD counts in other metrics are standard (> 0.10 m diameter, 1.0 

m length), and we assume these could apply to the fish cover metric.  In our review of the standard 

literature, wood counts that are not classified by size are not considered standard nor entirely useful 

with respect to a fish cover assessment. 

Fish Cover: None (FishCovNone) 

Following review of the fish habitat assessments methods (Platts et al., 1987; Bjornn and Reiser, 1991; 

McMahon et al., 1996; Overton et al., 1997; Bain and Stevenson, 1999; Kaufmann et al., 1999), we found 

little reference to a ‘no fish cover’ category.  Nonetheless, the type of information would be a common 

output of habitat methods that rely on areal estimates of fish cover.  As a result, the ‘no fish cover’ 

metric could be considered a useful product to many standard habitat survey methods.  However, ‘no 

fish cover’, as applied in CHaMP in recent years, is problematic because major elements of what 

typically define fish cover were removed from the methodology or redefined.  As a result, the use of 

the ‘no fish cover’ would be challenging without a thorough understanding of the data.  As an 

example of this, a stream with boulders and large wood (e.g., > 0.3 m diameter) or frequent pools 

would have very low fish cover using the current metric elements and definitions, when in fact fish 

cover could be considered abundant using more standard methods.  Though problematic, other 

metrics in CHaMP captured habitat features that could be included in a fish cover metric. 

Fish Cover: Terrestrial Vegetation (FishCovTVeg) 

Terrestrial vegetation, including live tree roots suspended over the water and/or submerged, is an 

appropriate and useful fish cover metric.  Additional improvements associated with this metric relate 

to a broader methodology, which should consider human effects and stream condition so that a 

terrestrial vegetation metric could be interpreted within a context of impairment.  Currently, the 

methods do not adequately separate the effects of land use from natural conditions and thereby 

provide little beneficial information from a restoration/recovery perspective.  Reclassifying the stream 

by stability and identifying land uses would improve the overall methods.  The metric would have 

value at the local level where it was collected if put into a context of natural functioning streams.  It is 

unclear how this information would be useful at larger spatial scales because terrestrial plant 

communities change across the landscape.  For example, plant communities could vary dramatically 

from densely-forested headwaters to shrub-dominated reaches and graminoid-dominated (e.g., 

Carex/Juncus) community types within the same watershed.  Though regional stratifications (e.g., 
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mountain, foothills, plain ecoregions) could make use of the vegetative cover type, the metric itself 

appears to have more value at the local level where it was collected.  

Fish Cover: Total (FishCovTotal) 

Though a total fish cover metric is important to habitat assessments, the changing metrics, 

inconsistent definitions regarding individual metrics (including the total fish cover metric), and 

the removal of undercut streambanks, large wood (> 0.3 m), and boulders substantially complicate 

the interpretation and usability of these data.  Changes in total areal coverage that exceeds 100% 

are confusing.  Although fish cover habitat and its importance to fish communities is well-

supported in the scientific literature, the problematic field method and total fish cover metric are 

not useful or standard.  The original fish cover method in 2011 (Bouwes et al., 2011) was more 

useful and standard than the current version (CHaMP, 2016).    

As a summed metric of all the individual metrics, Total Fish Cover could have provided a simple 

summary of fish cover elements.  However, from our evaluation, it appears much of earlier data 

(2011, 2012, 2013) is largely unusable for trend applications.  In some respects, the 2011 data 

elements provided the most useful information as a fish cover metric; the 2011 information likely 

has some utility at a local scale to characterize conditions that are meaningful to field practitioners.  

The more recent data (2014, 2015, 2016) were collected using a consistent methodology; however, 

undercut banks, cover-forming large wood, and boulders are not adequately incorporated as fish 

cover elements.  The 2014‒2016 metrics may provide value if combined with other data inventories 

(e.g., large wood, boulders, undercut banks, and pool area).  

Improved methods would include clearly-stated objectives and simpler, more standard methods for 

measuring fish cover.  Fish cover should also be considered within a context of naturally, 

functioning reference conditions, stream types, specific habitat needs of the target species, and land 

use impacts.  This would allow the ability to compare high quality (natural) fish cover with areas 

impacted by land use or other human or natural conditions that degrade or simplify fish cover.  

Ocular Substrate Composition 

The ocular substrate composition method visually estimates the percentage of each substrate size 

class (i.e., bedrock, boulders, cobbles, coarse gravel, fine gravel, sand, and fines) by channel unit (i.e., 

Fast Water Turbulent, Fast Water Non-Turbulent, and Slow Water/Pool) within the wetted surface 

area (CHaMP, 2016).  The estimates are weighted by channel unit area and reported as the percentage 

of each major substrate size class for the reach (i.e., boulders, cobbles, gravel, and sand and fines). 

The major limitation of the ocular substrate composition field method is that it is visually estimated 

and therefore biased high; ocular estimates tend to overestimate larger particle size classes and 

underestimate smaller size classes.  Additionally, the estimates are based on the wetted area site, 

which is influenced by discharge stage at time of survey.  Also, substrate is estimated within each 

channel unit area, which further increases the amount of variability associated with visually 

estimating channel units. 

Changes to the field method also occurred in 2013 to better account for bedrock and again in 2014 that 

added language that separates a veneer of sediment from coarser material and counts the veneer 

material as bed material.  This change would describe a stream with a veneer of silt over gravel as a 
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silt-bed stream.  This characterization is counter to standard techniques, whereby a veneer of silt over 

a coarser substrate (e.g., gravel) is generally recognized as a coarse substrate stream (e.g., gravel-bed 

stream; Rosgen, 1994, 1996) while notating that a veneer of silt exists over the gravel.  This type of 

mischaracterization would lead to various interpretation problems involving the stream condition 

related to a true silt-bed stream versus a gravel-bed stream with a veneer of silt that is transported 

with the first freshet streamflow.  In addition to the field method changes, the method for channel 

unit classification also changed in 2014 to include side channels as a Tier I unit (e.g., Fast Water 

Turbulent).  The changes in assessing fine sediment along with changes in channel unit classifications 

would make direct comparisons of fine sediment challenging before and after 2014, especially in 

streams with side channels. 

Overall, the level of observer subjectivity and temporal variability associated with the field method in 

addition to field method changes will affect the following metrics:   

• Substrate Estimate: Boulders (SubestBldr) 

• Substrate Estimate: Cobbles (SubEstCbl) 

• Substrate Estimate: Coarse and Fine Gravel (SubEstGrvl) 

• Substrate Estimate: Sand and Fines (SubEstSandFines) 

The substrate estimates are evaluated using Matrices D‒G as summarized in Figures 99‒100.  The 

size class categories (i.e., boulders, cobbles, gravel, and sand and fines) are commonly used in 

habitat assessments.  Unfortunately, the size classes are not consistently estimated due to the lack 

of repeatability in the field method.  Figure 101 displays high levels of sampling variation within 

replicate QC surveys where the same site is surveyed within the same sampling year by different 

crews.  Because the surveys were conducted within the same sampling year, differences in values 

likely stem from observer error and differences in discharge at time of sampling rather than actual 

condition changes. 

The sampling variation carries through to the primary CHaMP sites surveyed between 2011‒2016 to 

quantify habitat status and trends.  In addition to the sampling variation, changes in field methods 

are likely contributing to the metric variation in Figure 102.  Thus, interannual differences in metric 

values do not necessarily reflect true changes to substrate size classes.  Consequently, the metrics 

cannot be used for trend analyses or applications that require high accuracy.   

However, following analyses to eliminate outlier values, the current dataset may be useful for general 

applications, such as stream classification schemes that utilize the dominant particle size class of the 

reach (e.g., Rosgen, 1994, 1996).  Although variation is high, positive relationships are evident within 

bivariate plots of the substrate metrics (e.g., Figure 103).  Nevertheless, researchers and biologists 

should be cautious about the use of such data in modeling applications (e.g., NREI; Wall et al., 2016, 

2017) as sampling variation is considerable.  That said, the data likely have some utility for such 

purposes provided that uncertainty in the substrate measures is made explicit.  
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Figure 99.  Completed Matrices D‒F that evaluate the ocular substrate metrics. 

GENERATED METRICS:
Substrate Est: 

Boulders 

(SubEstBldr)

Substrate Est: 

Coarse and 

Fine Gravel 

(SubEstGrvl)

Substrate Est: 

Cobbles 

(SubEstCbl)

Substrate Est: Sand 

and Fines 
(SubEstSandFines)

EVALUATION MATRIX D: Is the Metric (In Current Form) Standard to Habitat Condition Assessments? 

a. Is the metric commonly used in habitat assessments? (yes = 0; no = 2) 0 0 0 0

b. Does the metric represent a reach-wide (average) condition without 

consideration of a specified channel unit? (no = 0; yes =1)
1 1 1 1

c. If 'yes' for b., is the metric commonly reported by a specified channel 

unit or bed feature to account for variance? (no = 0; yes = 1); if 'no' for 

b., enter 'N/A'

0 0 0 0

d. If 'yes' for c., can metric values be stratified by channel unit or bed 

feature from existing data? (yes = 0; no = 1); if 'no' or 'N/A' for c., enter 

'N/A'

N/A N/A N/A N/A

e. Based on the metric definition, are metric values calculated in a 

standard way? (yes = 0; no = 1)
0 0 0 0

f. If 'no' for e., can a standard value be computed from existing data? 

(yes = 0; no = 1); if 'yes' for e., enter 'N/A'
N/A N/A N/A N/A

IS THE METRIC (IN CURRENT FORM) STANDARD TO HABITAT CONDITION 

ASSESSMENTS? (Sum of a‒e: 0 or 1 = Likely Yes; 2‒7 =  Likely No)
1 1 1 1

EVALUATION MATRIX E: Do Metric Values Accurately Quantify Habitat Status at a Given Point in Time? 
a. Are observations subject to sampling variation stemming from 

observer error, timing of sampling, and/or equipment limitations? (no = 

0; yes = 1)

1 1 1 1

DO METRIC VALUES ACCURATELY QUANTIFY HABITAT STATUS AT A 

GIVEN POINT IN TIME? (from a: 0 = Yes; 1  =  No)
1 1 1 1

EVALUATION MATRIX F: Do Metric Values Accurately Quantify Habitat Trends?
a. Can any year-to-year changes in metric values be explained by a change in field 

method? (no = 0; yes = 1)
1 1 1 1

b. Can any year-to-year changes in metric values be explained by a lack of crew-to-

crew repeatability in the field data collection methodology? (no = 0; yes = 1)
1 1 1 1

c. Can any year-to-year changes in metric values be explained by a lack of 

adequate QA/QC processes to ensure consistency and reliability of data? (no = 0; 

yes = 1)
1 1 1 1

d. Can any year-to-year changes in metric values be explained by seasonal or 

yearly variability? (no = 0; yes = 1)
0 0 0 0

DO METRIC VALUES PRODUCED OVER MULTIPLE SURVEYS OVER TIME ACCURATELY 

QUANTIFY HABITAT TRENDS? (Sum of a through d: 0 = Yes; 1‒4 = No)
3 3 3 3

Ocular Substrate CompositionFIELD DATA COLLECTION METHODS:
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Figure 100.  Completed Matrix G that evaluate the ocular substrate metrics. 

 
Figure 101.  Box and Whisker plots depicting the absolute differences between repeat QC samples of 
substrate size class estimates collected from the same site in the same year by different crews. 

GENERATED METRICS:
Substrate Est: 

Boulders 

(SubEstBldr)

Substrate Est: 

Coarse and 

Fine Gravel 

(SubEstGrvl)

Substrate Est: 

Cobbles 

(SubEstCbl)

Substrate Est: Sand 

and Fines 
(SubEstSandFines)

EVALUATION MATRIX G: Do Metric Values have Utility for Numerous Applications?
a. Are metric values usable in current form for applications that require high level 

of accuracy? (yes = 0; no = 1)

If Rating = '0' or 'yes' (i.e., values usable in current form), skip remaining criteria 

and enter "N/A" in respective fields; If Rating = '1' or 'no', continue with criteria 

b‒d

b. Are further desktop analyses (e.g., fixing bankfull elevations based on regional 

bankfull hydrology curves, delineating values by bed feature, or eliminating 

outlier values) recommended to improve metric values?  (yes = 0; no = 1)
0 0 0 0

c. Following further analyses, are the metric values usable for applications that 

require a high level of precision (e.g., trend monitoring)? (yes = 0; no = 1)
1 1 1 1

d. Following further analyses, are the metric values usable for broad-level 

applications that do not require a high level of accuracy (e.g., classification 

schemes and habitat condition assessments associated with ranges of values 

within the criteria)? (yes = 0; no = 1)

0 0 0 0

DO THE METRIC VALUES HAVE UTILITY, EITHER IN CURRENT FORM OR WITH 

FURTHER ANALYSES, FOR MANAGEMENT STRATEGIES, RESTORATION, 

EFFECTIVENESS MONITORING, AND/OR MODELING APPLICATIONS? (Sum of a 

through d: 0‒3 = Yes; 4 = Likely No)

2 2 2 2

1 1 1 1

Ocular Substrate CompositionFIELD DATA COLLECTION METHODS:
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Figure 102.  Box and Whisker plots depicting the absolute differences between primary CHaMP surveys of 
substrate size class estimates collected from 2011‒2016 on annual or rotating panel sites. 

 
Figure 103.  Bivariate plot depicting the differences between coarse and fine 
gravel estimates from between year CHaMP surveys. 
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Pool Tail Fines 

The data collection protocol for pool tail fines identifies the percentage of the surface substrate that 

is less than 2 mm and less than 6 mm at the tails of Slow Water/Pools and Fast Water Non-

Turbulent channel units (CHaMP, 2016).  The substrate sizes are intended to be appropriate for 

assessing spawning site quality as it relates to percent fines and egg survival. 

The field method changed was refined in 2012 to alleviate confusion associated with size categories, 

which may limit the use of the 2011 dataset for interannual comparisons.  Also, any sampling in Fast 

Water Non-Turbulent units may not be appropriate to represent spawning sites.  In addition, the 

locations of where to place the grids are dependent on the wetted channel, and thus grid placement 

will differ among surveys based on discharge at time of survey. 

Furthermore, although CHaMP size classes (< 2 mm and < 6 mm) of fine sediment are standard and 

appropriate for assessing spawning site quality, estimates of size from ocular estimates are subjective, 

generally unreliable, and may not be reproducible among different investigators (Kondolf et al., 2008).  

That said, the basic technique is used in certain habitat assessment programs (Kershner et al., 2004; 

Overton et al., 1997).  Interestingly, within CHaMP’s theoretical basis for development, Bouwes et al. 

(2011, p. 39) state that improvements could be made to commonly-used methods to determine the 

percent fines and particle distributions in gravel- and cobble-bed streams; these “easily-applied” 

improvements include conducting the counts within geomorphic habitat units, increasing the number 

of particles counted, measuring the particles rather than visually estimating them, and using less 

subjective methods to select the particles.  Yet, three of the four CHaMP substrate methods use visual 

and subjective estimates (i.e., pool tail fines, ocular substrate composition, and cobble embeddedness) 

and none of the methods ensure that measurements are taken at the same location or transect. 

Rather than the CHaMP grid method, conducting Wolman pebble counts (Wolman, 1954) that 

measure particles at potential spawning sites (e.g., glides and riffles) represents an improved 

methodology.  Wolman pebble counts are repeatable when counts are stratified by bedform feature 

and are conducted within the same area (e.g., glide cross-section location).  Like the grid method, 

Wolman counts can be put into a context of fine sediment size classes (e.g., < 2 mm and < 6 mm) as 

well as other size classes relevant to assessments of spawning substrates.  

However, even if CHaMP metric values are precisely measured, surficial sampling (i.e., pool tail 

fines method and Wolman counts) is incapable of accurately describing subsurface substrates used 

by spawning salmonids, especially as it relates to many Chinook Salmon and Steelhead species that 

often dig redds that are more than 20 cm deep (Quinn, 2005; Jensen et al., 2009; Bouwes et al., 2011).  

In general, intergranular dispersive grain stress promotes coarser particles on the surface 

(pavement) and smaller grain size distributions in the sub-surface (sub-pavement) in heterogeneous 

bed material compositions (Bagnold, 1954).   

Therefore, one of the best practical methods to investigate important spawning site questions involves 

the use of bulk (i.e., McNeil core) samples (McNeil and Ahnell, 1964; Lotspeich and Everest, 1981).  

Because McNeil core samples can directly measure all substrate to the depth of a redd, this method is 

appropriate for questions pertaining to spawning site selection, spawning substrates, and spawning 
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success.  Within this context, the sampler can core to various depths, and the size of substrate particles 

(sieves) can be adjusted to specific size classes relative to spawning success of target species based on 

published embryo and egg-to-fry survival rate studies.  As a result, McNeil core samples can help 

target species-specific questions for Chinook Salmon and Steelhead (e.g., Waters, 1995; Jensen et al., 

2009).  McNeil cores can be taken in known spawning areas, adjacent to redds, in redds (preferably 

post-emergence), or in riffle crests (to improve the repeatability of survey methods as a sediment 

monitoring tool) to more closely examine restoration-related questions, such as when investigating 

anthropogenic sediment influxes and egg-to-fry survival.  

To evaluate the CHaMP grid method and compare it to Wolman pebble count and McNeil core 

sample methods in pool tailouts, we sampled two streams at two riffles (six sites total) in the Lemhi 

drainage, Idaho, using the three methods.  We followed the 2016 CHaMP field methods of grid 

placement at three sites in one glide in Upper Canyon Creek (a confined reference C4 stream type, 

Rosgen, 1994, 1996) and at three sites in one glide in Texas Creek (an unconfined C4 stream type).  

Ocular grid estimates of particle size (< 2 mm and < 6 mm) were taken first, followed by the extraction 

of McNeil cores at the midpoint of each grid location, and then followed by pebble counts across the 

pool tailout.  Table 24 includes the survey results for particle sizes < 2 mm and < 6 mm. 

Table 24.  Comparison of three sediment survey methods to generate percent fines (CHaMP ocular 
grid method, McNeil core samples, and Wolman pebble counts) in pool tailouts of two streams in 
the Lemhi watershed.  

 

Focusing on the ocular grid estimates and the McNeil core samples, the six samples showed the grid 

estimate were 45% lower than McNeil core samples (14.6% vs. 26.5% respectively) for sediment < 2 

mm.  Likewise, the average values for the six grid samples were 19% lower than McNeil core samples 

(30.3% vs. 37.4% respectively) for sediment < 6 mm.  In this comparison, the ocular estimates 

underestimated fine sediment especially for material < 2 mm.  It is unclear the degree to which 

observer error influenced these results.  It did appear that post-runoff surficial fines accumulated in 

the mid-channel area may have influenced the comparison between surface and subsurface material.  

Conversely, the Wolman pebble counts seemed to overestimate the amount of sediment < 6 mm, 

especially in Texas Creek.  This is likely due to the full wetted width of the glide being included in the 

pebble counts, including shallow channel margins that are typically not suitable as spawning habitat 

(i.e., not sampled in the grid or core methods).  In the case of Texas Creek, extreme bank erosion 

upstream of the sampling area would have further contributed to high levels of fine sediment on the 

surficial sediments across the full wetted width as shown in Figure 104. 

Stream Site Grid McNeil Wolman Grid McNeil Wolman

Texas Creek 1 12% 30.8% 22% 41.6%

2 6% 14.4% 16% 17.7%

3 2% 28.9% 12% 37.8%

Canyon Creek 4 4% 10.6% 8% 20.4%

5 60% 52% 84% 65.6%

6 4% 22.4% 40% 41.4%

mean 14.6% 26.5% 25.5% 30.3% 37.4% 45.8%

Percent Fines < 2 mm Percent Fines < 6 mm

25%

26%

55%

36.5%
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Figure 104. Texas Creek photo showing fine sediment loading within the sampled pool 
tailout generated from upstream streambank erosion.  In this case, the Wolman pebble 
counts would overestimate fine material in the sample compared to the grid and McNeil 
samples that did not include this area of elevated fine sediment deposition. 

 

Additionally, compared to other techniques, McNeil Core samples can better quantify spawning 

substrates using fine sediment (e.g., < 2 mm and < 6 mm), as well as other metrics (e.g., < 0.83 mm,    

< 4.8 mm, geometric mean and fredle Index) that specifically relate to spawning substrate quality 

(Lotspeich and Everest, 1981; Waters, 1995; Jensen et al., 2009).  This suite of metrics can apply to 

published egg and egg-to-fry survival rates for many salmonids including Chinook Salmon and 

Steelhead (Waters, 1995; Kondolf et al., 2008; Jensen et al., 2009).  For example, the composite samples 

of sediment < 6.4 mm ranged from 34‒41% in our case study, and fredle scores ranged from 2.2‒2.3 

(Table 25).  Using the 34‒41% composite scores for sediment < 6.4 mm, the percent egg-to-fry 

survival rate for Chinook salmon is estimated at less than 40% (Jensen et al., 2009).  For Steelhead, 

the 2.2‒2.3 range of fredle scores translate to embryo survival of about 25% (Waters, 1995).  In these 

examples, fredle scores do not account for the “cleansing” of fine sediment during the redd 

construction process.  Admittedly, the sample size is small, but this comparison of methods reveals 

the challenges of methods that rely on ocular estimates and measures of surface material. 

Table 25.  McNeil core sample composite results for two streams in the Lemhi Basin, Idaho. 

 

   

76.2 50.8 25.4 12.7 6.35 4.74 2.38 0.84 0.074*

Texas Creek 2017 3 0.0 15.1 22.7 18.4 9.5 2.4 5.9 11.6 14.3 26.0 34.2 2.2 9.7 39.8 4.2 2.3

Upper Canyon 2017 3 6.0 8.7 14.7 15.3 14.6 3.9 1.0 17.6 9.0 26.7 40.1 2.2 8.6 33 3.8 2.2

Fredle 

Index% 

<2.3

% 

<6.35

Stream Year
# 

samples

Percent of total by size (mm) class 
D75

Fines

D25
Geometric 

Mean

Sorting 

Coeff.
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With the subjectivity, temporal variability, and field method changes in mind, the team evaluated 

the CHaMP metrics produced from the pool tail fine method, including:  

• Substrate < 2 mm (SubLT2) 

• Substrate < 6 mm (SubLT6) 

The percent fine estimates are evaluated using Matrices D‒G as summarized in Figures 105‒106.   

The fine sediment size classes fall within the ranges of fine sediment 0.83‒6.35 mm that are widely 

used in assessment of spawning substrates (e.g., Waters, 1995; Kondolf et al., 2008; Jensen et al., 2009).  

Unlike the coarser substrate metrics, the < 2 mm metric tends to reflect a mid-range value within the 

finer fractions sediment (0.83‒4 mm) typically measured in spawning site assessments.  The CHaMP 

selection of the < 2 mm size class tends to emphasize permeability and the exchange of dissolved 

oxygen and flow through the redd, verses egg-to-fry survival (emergence) often associated with the 

coarser (e.g., 6 mm) fraction.  Though the ocular estimates associated with the < 2 mm metric have 

various shortcomings, the same methods and < 2 mm metric used by CHaMP are currently used 

elsewhere across the Pacific Northwest for broad-scale habitat assessments (Heitke et al., 2008).   

Like many metrics, the pool tails fines were measured with ocular estimates and as such, values are 

subject to inter-observer and even intra-observer variability.  As expected, the 1:1 plots and box plots 

for repeat sampling data suggest the absolute difference in repeat samples is high (Figure 107), 

though there appears to be a weak positive relationship between measurements (Figure 108).  The 

fine sediment dataset is skewed by many outliers (Figure 109); however, this data may be of use in 

certain contexts such as presence/absence of fine sediment.   

Because there were no significant changes in the field methods, the < 2 mm metric has likely been 

consistently collected over the entire (2011‒2016) survey period.  The accuracy of the measurements, 

however, is very limited, and as such there is little power to detect a real change if it occurred.  Thus, 

the dataset has limited value for habitat trend, and we further caution that the sampling error may 

be prohibitive for many broad-scale applications.  
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Figure 105.  Completed Matrices D‒F that evaluate the pool tail fine metrics. 

 

GENERATED METRICS:
Substrate < 2mm 

(SubLT2)

Substrate < 6mm 

(SubLT6)

EVALUATION MATRIX D: Is the Metric (In Current Form) Standard to Habitat Condition Assessments? 

a. Is the metric commonly used in habitat assessments? (yes = 0; no = 2) 0 0

b. Does the metric represent a reach-wide (average) condition without 

consideration of a specified channel unit? (no = 0; yes =1)
0 0

c. If 'yes' for b., is the metric commonly reported by a specified channel 

unit or bed feature to account for variance? (no = 0; yes = 1); if 'no' for 

b., enter 'N/A'

N/A N/A

d. If 'yes' for c., can metric values be stratified by channel unit or bed 

feature from existing data? (yes = 0; no = 1); if 'no' or 'N/A' for c., enter 

'N/A'

N/A N/A

e. Based on the metric definition, are metric values calculated in a 

standard way? (yes = 0; no = 1)
0 0

f. If 'no' for e., can a standard value be computed from existing data? 

(yes = 0; no = 1); if 'yes' for e., enter 'N/A'
N/A N/A

IS THE METRIC (IN CURRENT FORM) STANDARD TO HABITAT CONDITION 

ASSESSMENTS? (Sum of a‒e: 0 or 1 = Likely Yes; 2‒7 =  Likely No)
0 0

EVALUATION MATRIX E: Do Metric Values Accurately Quantify Habitat Status at a Given Point in Time? 

a. Are observations subject to sampling variation stemming from 

observer error, timing of sampling, and/or equipment limitations? (no = 

0; yes = 1)

1 1

DO METRIC VALUES ACCURATELY QUANTIFY HABITAT STATUS AT A 

GIVEN POINT IN TIME? (from a: 0 = Yes; 1  =  No)
1 1

EVALUATION MATRIX F: Do Metric Values Accurately Quantify Habitat Trends?

a. Can any year-to-year changes in metric values be explained by a change in field 

method? (no = 0; yes = 1)
1 1

b. Can any year-to-year changes in metric values be explained by a lack of crew-to-

crew repeatability in the field data collection methodology? (no = 0; yes = 1)
1 1

c. Can any year-to-year changes in metric values be explained by a lack of 

adequate QA/QC processes to ensure consistency and reliability of data? (no = 0; 

yes = 1)
1 1

d. Can any year-to-year changes in metric values be explained by seasonal or 

yearly variability? (no = 0; yes = 1)
0 0

DO METRIC VALUES PRODUCED OVER MULTIPLE SURVEYS OVER TIME ACCURATELY 

QUANTIFY HABITAT TRENDS? (Sum of a through d: 0 = Yes; 1‒4 = No)
3 3

Pool Tail FinesFIELD DATA COLLECTION METHODS:
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Figure 106.  Completed Matrix G that evaluate the pool tail fine metrics. 

 

 
Figure 107.  Box and Whisker plots depicting the absolute differences between repeat 
samples for pool tail fines estimates collected from the same site in the same year. 

GENERATED METRICS:
Substrate < 2mm 

(SubLT2)

Substrate < 6mm 

(SubLT6)

EVALUATION MATRIX G: Do Metric Values have Utility for Numerous Applications?
a. Are metric values usable in current form for applications that require high level 

of accuracy? (yes = 0; no = 1)

If Rating = '0' or 'yes' (i.e., values usable in current form), skip remaining criteria 

and enter "N/A" in respective fields; If Rating = '1' or 'no', continue with criteria 

b‒d

b. Are further desktop analyses (e.g., fixing bankfull elevations based on regional 

bankfull hydrology curves, delineating values by bed feature, or eliminating 

outlier values) recommended to improve metric values?  (yes = 0; no = 1)
0 0

c. Following further analyses, are the metric values usable for applications that 

require a high level of precision (e.g., trend monitoring)? (yes = 0; no = 1)
1 1

d. Following further analyses, are the metric values usable for broad-level 

applications that do not require a high level of accuracy (e.g., classification 

schemes and habitat condition assessments associated with ranges of values 

within the criteria)? (yes = 0; no = 1)

0 0

DO THE METRIC VALUES HAVE UTILITY, EITHER IN CURRENT FORM OR WITH 

FURTHER ANALYSES, FOR MANAGEMENT STRATEGIES, RESTORATION, 

EFFECTIVENESS MONITORING, AND/OR MODELING APPLICATIONS? (Sum of a 

through d: 0‒3 = Yes; 4 = Likely No)

2 2

1 1

Pool Tail FinesFIELD DATA COLLECTION METHODS:
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Figure 108.  Bivariate plot depicting the differences between repeat samples for 
pool tail fine (< 2 mm) estimates collected from the same site in the same year. 

 

 
Figure 109.  Box and Whisker plots depicting the absolute differences between primary CHaMP 
surveys of pool tail fine estimates collected from 2011‒2016 on annual or rotating panel sites. 
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Large Woody Debris (LWD) 

Instream wood is a common and important element to any restoration-based stream habitat 

survey.  The Large Woody Debris (LWD) field method quantifies the number and dimensions 

of qualifying LWD pieces for each channel unit within the wetted channel and bankfull channel.  

Methods of classifying, counting, and measuring LWD were modified in 2012, 2013, and 2014.  

In 2014, the classification changed for wood outside of the bankfull channel.  In addition, the 

2014 methods changed from estimates of length and diameter to measured length and diameter.  

This change seems to allow for prediction of non-measured (estimated) wood by subsampling 

both measured and estimated length and diameter.  With the 2014 change in channel units to 

include side channels, summaries of wood counts by habitat units would have changed how 

wood was counted in streams with side channels. 

Large Wood, like many attributes, is ultimately estimated based on some subjective ocular 

judgment.  Furthermore, the data can be limited by intra- and inter-annual variation in wetted 

channel area and bankfull area, both real and due to sampling variation.  These issues, along 

with the changes in the field method, will affect the following generated LWD metrics: 

• Large Wood Frequency: Bankfull (LWFreq_Bf) 

• Large Wood Frequency: Wetted (LWFreq_Wet) 

The large wood frequency estimates are evaluated using Matrices D‒G as summarized in 

Figures 110‒111.  As expected, repeat samples – that is quality control estimates – indicate 

that sampling variation is present (Figures 112‒113).  Nevertheless, the metrics appear to be 

suitable for various uses because the wood is measured and classified by size groups that 

allow for detailed analyses.  Overall, the metric values are not sufficiently accurate for 

interpreting whether small increases or decreases in LWD frequency are due to actual 

condition changes or are due to observer subjectivity, a field method change, or sampling at 

different points in time (Figure 114).   

 

However, Figure 113 suggests the observations are accurate enough that large changes in 

LWD frequencies are likely detectable for long-term trends (Figure 114), especially for sites 

where the bankfull stage was consistently identified across surveys.  LWD counts also have 

great utility for general applications that do not require a high level of accuracy, especially if 

put into the context of stream type and condition, riparian cover type, and potential 

vegetation to help solve one-the-ground problems.  Further, these data may be useful for 

many modeling applications, including developing fish habitat relationships. 
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Figure 110.  Completed Matrices D‒F that evaluate the large woody debris metrics. 

 

GENERATED METRICS:
Large Wood Frequency: 

Bankfull (LWFreq_Bf)

Large Wood Frequency: 

Wetted (LWFreq_Wet)

EVALUATION MATRIX D: Is the Metric (In Current Form) Standard to Habitat Condition Assessments? 

a. Is the metric commonly used in habitat assessments? (yes = 0; no = 2) 0 0

b. Does the metric represent a reach-wide (average) condition without 

consideration of a specified channel unit? (no = 0; yes =1)
1 1

c. If 'yes' for b., is the metric commonly reported by a specified channel 

unit or bed feature to account for variance? (no = 0; yes = 1); if 'no' for 

b., enter 'N/A'

0 0

d. If 'yes' for c., can metric values be stratified by channel unit or bed 

feature from existing data? (yes = 0; no = 1); if 'no' or 'N/A' for c., enter 

'N/A'

N/A N/A

e. Based on the metric definition, are metric values calculated in a 

standard way? (yes = 0; no = 1)
0 0

f. If 'no' for e., can a standard value be computed from existing data? 

(yes = 0; no = 1); if 'yes' for e., enter 'N/A'
N/A N/A

IS THE METRIC (IN CURRENT FORM) STANDARD TO HABITAT CONDITION 

ASSESSMENTS? (Sum of a‒e: 0 or 1 = Likely Yes; 2‒7 =  Likely No)
1 1

EVALUATION MATRIX E: Do Metric Values Accurately Quantify Habitat Status at a Given Point in Time? 

a. Are observations subject to sampling variation stemming from 

observer error, timing of sampling, and/or equipment limitations? (no = 

0; yes = 1)

1 1

DO METRIC VALUES ACCURATELY QUANTIFY HABITAT STATUS AT A 

GIVEN POINT IN TIME? (from a: 0 = Yes; 1  =  No)
1 1

EVALUATION MATRIX F: Do Metric Values Accurately Quantify Habitat Trends?

a. Can any year-to-year changes in metric values be explained by a change in field 

method? (no = 0; yes = 1)
1 1

b. Can any year-to-year changes in metric values be explained by a lack of crew-to-

crew repeatability in the field data collection methodology? (no = 0; yes = 1)
1 1

c. Can any year-to-year changes in metric values be explained by a lack of 

adequate QA/QC processes to ensure consistency and reliability of data? (no = 0; 

yes = 1)
1 1

d. Can any year-to-year changes in metric values be explained by seasonal or 

yearly variability? (no = 0; yes = 1)
0 0

DO METRIC VALUES PRODUCED OVER MULTIPLE SURVEYS OVER TIME ACCURATELY 

QUANTIFY HABITAT TRENDS? (Sum of a through d: 0 = Yes; 1‒4 = No)
3 3

FIELD DATA COLLECTION METHODS: Large Woody Debris (LWD)
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Figure 111.  Completed Matrix G that evaluate the large woody debris metrics. 

 

 
Figure 112.  Box and Whisker plots depicting the absolute differences for repeat 
samples of Large Woody Debris (LWD) collected from the same site in the same year. 

GENERATED METRICS:
Large Wood Frequency: 

Bankfull (LWFreq_Bf)

Large Wood Frequency: 

Wetted (LWFreq_Wet)

EVALUATION MATRIX G: Do Metric Values have Utility for Numerous Applications?
a. Are metric values usable in current form for applications that require high level 

of accuracy? (yes = 0; no = 1)

If Rating = '0' or 'yes' (i.e., values usable in current form), skip remaining criteria 

and enter "N/A" in respective fields; If Rating = '1' or 'no', continue with criteria 

b‒d

b. Are further desktop analyses (e.g., fixing bankfull elevations based on regional 

bankfull hydrology curves, delineating values by bed feature, or eliminating 

outlier values) recommended to improve metric values?  (yes = 0; no = 1)
0 0

c. Following further analyses, are the metric values usable for applications that 

require a high level of precision (e.g., trend monitoring)? (yes = 0; no = 1)
1 1

d. Following further analyses, are the metric values usable for broad-level 

applications that do not require a high level of accuracy (e.g., classification 

schemes and habitat condition assessments associated with ranges of values 

within the criteria)? (yes = 0; no = 1)

0 0

DO THE METRIC VALUES HAVE UTILITY, EITHER IN CURRENT FORM OR WITH 

FURTHER ANALYSES, FOR MANAGEMENT STRATEGIES, RESTORATION, 

EFFECTIVENESS MONITORING, AND/OR MODELING APPLICATIONS? (Sum of a 

through d: 0‒3 = Yes; 4 = Likely No)

2 2

1 1

FIELD DATA COLLECTION METHODS: Large Woody Debris (LWD)
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Figure 113.  Bivariate plot depicting the differences between repeat samples for 
large wood frequency estimates collected from the same site in the same year. 

 

 
Figure 114.  Box and Whisker plots depicting the absolute differences between primary CHaMP 
surveys of LWD estimates collected from 2011‒2016 on annual or rotating panel sites. 
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Undercut Banks 

Undercut bank inventories are important when evaluating salmonid habitat quality and 

human impacts to streambanks.  The undercut bank field method is used to quantify undercut 

banks in the main channel and large side channels.   

The undercut bank field method didn’t exist as a standalone inventory until 2012 when it was 

removed from the fish cover methodology.  Following the adoption of this category, the 

methods for measuring undercut banks changed substantially in 2013 and 2014 in attempts to 

improve unit metric calculations, reduce inconsistencies among crew members, improve 

repeatability of identifying undercuts, and reduce errors associated with field judgment calls.  

The changes included: 

• Associating each unique undercut to a channel unit 

• Eliminating the depth measurement 

• Eliminating distances to upstream and downstream of channel unit boundaries 

• Increasing the minimum qualifying depth from 10 cm to 20 cm 

• Requiring three width measurements at predetermined locations along undercut lengths 

• Quantifying undercut banks within large side channels (associated with a channel unit 

change that added small side channels as a Tier I unit)  

• Changing the vertical limit from the bankfull elevation to one meter above water surfaces 

A major shortcoming of the method is that many undercuts that provide excellent fish cover 

may not be included in the inventory due to the protocol requirement of only measuring 

undercuts if they occur within one meter above water surface.  Undercut banks are often found 

under terrace bank overhangs associated with streambanks with extensive rooting densities that 

extend more than one meter above low flow conditions.   

The undercut bank field method generates the following metrics: 

• Percent Undercut by Area (UcutArea_Pct) 

• Percent Undercut by Length (UcutLgth_Pct) 

The percent undercut estimates are evaluated using Matrices D‒G as summarized in Figures 

115‒116.  The metrics are reported as percentages greater than 100%, which is confusing when 

trying to utilize the data for applied purposes.  The metrics are generated based on the wetted 

channel boundary, which will vary depending on the discharge at the time of survey.  This 

temporal variability in addition to observer error is displayed within the sampling variation of 

the replicate QC visit data (Figures 117‒118).  In addition to the significant field method changes, 

the observer error and temporal variability will also affect the metric values for CHaMP’s 

primary site surveys as indicated by the high observed variability (Figure 119).  The low metric 

accuracy excludes the utility of the data for trend analyses and applications that require high 

accuracy.  Data may have value for indicating presence or absence of undercut banks, especially 

if undercuts were put into a context of land use and stream classification specific to laterally-

extended stream types in alluvial valleys (e.g., Rosgen C3 and C4 stream types). 
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Figure 115.  Completed Matrices D‒F that evaluate the undercut bank metrics. 

 

GENERATED METRICS:
Percent Undercut by 

Area (UcutArea_Pct)

Percent Undercut by 

Length (UcutLgth_Pct)

EVALUATION MATRIX D: Is the Metric (In Current Form) Standard to Habitat Condition Assessments? 

a. Is the metric commonly used in habitat assessments? (yes = 0; no = 2) 0 0

b. Does the metric represent a reach-wide (average) condition without 

consideration of a specified channel unit? (no = 0; yes =1)
1 1

c. If 'yes' for b., is the metric commonly reported by a specified channel 

unit or bed feature to account for variance? (no = 0; yes = 1); if 'no' for 

b., enter 'N/A'

0 0

d. If 'yes' for c., can metric values be stratified by channel unit or bed 

feature from existing data? (yes = 0; no = 1); if 'no' or 'N/A' for c., enter 

'N/A'

N/A N/A

e. Based on the metric definition, are metric values calculated in a 

standard way? (yes = 0; no = 1)
1 1

f. If 'no' for e., can a standard value be computed from existing data? 

(yes = 0; no = 1); if 'yes' for e., enter 'N/A'
1 1

IS THE METRIC (IN CURRENT FORM) STANDARD TO HABITAT CONDITION 

ASSESSMENTS? (Sum of a‒e: 0 or 1 = Likely Yes; 2‒7 =  Likely No)
3 3

EVALUATION MATRIX E: Do Metric Values Accurately Quantify Habitat Status at a Given Point in Time? 

a. Are observations subject to sampling variation stemming from 

observer error, timing of sampling, and/or equipment limitations? (no = 

0; yes = 1)

1 1

DO METRIC VALUES ACCURATELY QUANTIFY HABITAT STATUS AT A 

GIVEN POINT IN TIME? (from a: 0 = Yes; 1  =  No)
1 1

EVALUATION MATRIX F: Do Metric Values Accurately Quantify Habitat Trends?

a. Can any year-to-year changes in metric values be explained by a change in field 

method? (no = 0; yes = 1)
1 1

b. Can any year-to-year changes in metric values be explained by a lack of crew-to-

crew repeatability in the field data collection methodology? (no = 0; yes = 1)
1 1

c. Can any year-to-year changes in metric values be explained by a lack of 

adequate QA/QC processes to ensure consistency and reliability of data? (no = 0; 

yes = 1)
1 1

d. Can any year-to-year changes in metric values be explained by seasonal or 

yearly variability? (no = 0; yes = 1)
1 1

DO METRIC VALUES PRODUCED OVER MULTIPLE SURVEYS OVER TIME ACCURATELY 

QUANTIFY HABITAT TRENDS? (Sum of a through d: 0 = Yes; 1‒4 = No)
4 4

FIELD DATA COLLECTION METHODS: Undercut Banks
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Figure 116.  Completed Matrix G that evaluate the undercut bank metrics. 

 

 
Figure 117.  Bivariate plot depicting the large differences between 
repeat samples for undercut area estimates collected from the same 
site in the same year. 

GENERATED METRICS:
Percent Undercut by 

Area (UcutArea_Pct)

Percent Undercut by 

Length (UcutLgth_Pct)

EVALUATION MATRIX G: Do Metric Values have Utility for Numerous Applications?
a. Are metric values usable in current form for applications that require high level 

of accuracy? (yes = 0; no = 1)

If Rating = '0' or 'yes' (i.e., values usable in current form), skip remaining criteria 

and enter "N/A" in respective fields; If Rating = '1' or 'no', continue with criteria 

b‒d

b. Are further desktop analyses (e.g., fixing bankfull elevations based on regional 

bankfull hydrology curves, delineating values by bed feature, or eliminating 

outlier values) recommended to improve metric values?  (yes = 0; no = 1)
0 0

c. Following further analyses, are the metric values usable for applications that 

require a high level of precision (e.g., trend monitoring)? (yes = 0; no = 1)
1 1

d. Following further analyses, are the metric values usable for broad-level 

applications that do not require a high level of accuracy (e.g., classification 

schemes and habitat condition assessments associated with ranges of values 

within the criteria)? (yes = 0; no = 1)

0 0

DO THE METRIC VALUES HAVE UTILITY, EITHER IN CURRENT FORM OR WITH 

FURTHER ANALYSES, FOR MANAGEMENT STRATEGIES, RESTORATION, 

EFFECTIVENESS MONITORING, AND/OR MODELING APPLICATIONS? (Sum of a 

through d: 0‒3 = Yes; 4 = Likely No)

2 2

1 1

FIELD DATA COLLECTION METHODS: Undercut Banks
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Figure 118.  Bivariate plot depicting the large differences between 
repeat samples for undercut length estimates collected from the same 
site in the same year. 

 

 
Figure 119.  Box and Whisker plots depicting the absolute differences between primary CHaMP surveys 
of percent undercut estimates collected from 2011‒2016 on annual or rotating panel sites. 
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Particle Size Distribution 

The field method for particle size distribution uses a gravelometer to classify the b-axis of each 

particle to determine the D16, D50, and D84 particle sizes of the substrate; 10 cross-sections are 

selected where 11 particles are classified into a size class.  Riffles are given the highest priority 

when selecting the 10 cross-sections; however, for reaches that have less than 10 riffles and not 

enough riffle length to sample at 10 cross-sections, Fast Water Non-Turbulent areas are used.  

A limitation to the field method is selecting cross-sections in both riffle (i.e., Fast Water Turbulent) 

and Fast Water Non-Turbulent areas, which have different bed roughness elements (dominantly 

sand to cobble substrate sizes in Fast Water Non-Turbulent units versus dominantly a coarse 

substrate in Fast Water Turbulent, or riffle, areas) as evident in the channel unit classification 

methodology (p. 53, CHaMP, 2016).  Thus, combining the measured substrate values from riffle 

and Fast Water Non-Turbulent areas limits the applied biological and physical value of the 

generated D16, D50, and D84 particle sizes.  Many applications require riffle substrate metrics for 

analyses of invertebrate production, river hydraulics, and land use and sediment transport 

relationships (e.g., incipient motion calculations, Rosgen, 2006). 

Additionally, subjectivity is inherent in the methodology as observers select the cross-section 

locations for sampling.  Consequently, resurveys will not sample particles at the same transect 

location, and therefore any year-to-year changes in the substrate values may be due to 

sampling location rather than a true change in the particle size distribution of the site.  As 

shown previously, the ability of survey crews to consistently classify Fast Water Turbulent and 

Fast Water Non-Turbulent units is limited, and thus sampling may not occur within 

appropriate features. 

Further limitations include field methods changes in 2012 and 2013.  In 2012, particle counts 

changed from direct measurement to the use of a gravelometer that groups particles into size 

classes.  Gravelometers are appropriate for spherical-shaped particles but not for linear-shaped 

particles where averaging the a-, b-, and c-axes is recommended.  In 2013, the field methods 

changed again by reducing the sampling size from 210 particles to 110 particles in addition to 

prioritizing measurements to be taken in riffles.  These changes have the potential to affect 

interannual comparison of data. 

The field method generates the following metrics:  

• Substrate: D16 (SubD16) 

• Substrate: D50 (SubD50) 

• Substrate: D84 (SubD84)   

The substrate estimates are evaluated using Matrices D‒G as summarized in Figures 120‒121.  

Although particles are measured rather than visually estimated, measurements are not 

repeatable likely due to sampling in different locations as displayed in the replicate QC survey 

plot (Figure 122).  Variation in measurements span major size class categories (i.e., sand, gravel, 

cobble, and boulders), which limits the utility of the data for applications that require high 

accuracy, including trend analyses.  For example, the replicate QC surveys (Figure 123) 

conducted within the Tucannon watershed in 2013 generated D16 values of 0.0277 mm (silt) and 
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7.0 mm (gravel).  This observer difference may be related to the method of recording silt particle 

sizes if a veneer of silt overlays a gravel bed in addition to where the measurements cross-

sections were located.  The data is confusing making it difficult to classify the stream as a silt-

bed or gravel-bed stream, and interpreting this data is problematic as the measured difference is 

not representative of an actual change in condition.  

Likewise, replicate QC surveys conducted within the Upper Grande Ronde watershed in 2011 

had an initial D16 value of 2 mm; subsequent surveys yielded D16 values of 2 mm, 6 mm, 8 mm, 

24 mm, and 28 mm (Figure 123).  These values range from very coarse sand/very fine gravel to 

coarse gravel, with varying interpretations.  The D84 comparisons also indicate the inability to 

repeat measurements with greater variation in particle size distribution.  The initial D84 value 

generated from the replicate QC survey was 200 mm; subsequent surveys yielded D84 values of 

234 mm, 235 mm, 254 mm, 262 mm, and 300 mm (Figure 124).  These values range from cobble to 

boulders, and consequently, any interpretations using this data will not be consistent, including 

hydraulic analyses that use the D84 particle size to calculate flow resistance. 

The inability to repeat measurements in addition to reducing the number of observations in 

2013 results in high variability in the CHaMP dataset (Figure 125).  Although it appears that the 

variability in the D16 particle size is low compared to the D50 and D84 metrics (Figure 125), the 

percent change is the greatest for the D16 estimate because of the smaller sizes (Figure 126).  

Although the 1:1 plot for the D84 metric clearly shows a positive relationship (Figure 127), the 

ranges of variability should be considered when using the metrics for modeling and other 

applications.  For example, Figure 124 indicates that resurveys of the same site were commonly 

associated with 50 mm differences in the D84 values; for hydraulic modeling, differences of 50 

mm will greatly impact roughness calculations and associated velocity estimates.  Overall, the 

variability not accounted for in the dataset excludes the use of the data for trend analyses and 

applications that require high accuracy.  

Although the variability is high in the interannual comparisons, the substrate metrics have 

utility for applications that do not require high accuracy given, particularly when substrate 

metrics are reported for only riffle features.  Riffle data may have utility associated with the 

sites at which the particular values were collected.  If using the riffle data for a given site, the 

user should verify that the classified Fast Water Turbulent units agree with the bed features in 

the longitudinal profile.  The riffle data would also have greater utility for management 

strategies and restoration applications if put into context of stream type and condition in 

addition to the potential, functioning stream type. 
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Figure 120.  Completed Matrices D‒F that evaluate the particle size distribution metrics. 

 

GENERATED METRICS:
Substrate: D16 

(SubD16)

Substrate: D50 

(SubD50)

Substrate: D84 

(SubD84)

EVALUATION MATRIX D: Is the Metric (In Current Form) Standard to Habitat Condition Assessments? 

a. Is the metric commonly used in habitat assessments? (yes = 0; no = 2) 0 0 0

b. Does the metric represent a reach-wide (average) condition without 

consideration of a specified channel unit? (no = 0; yes =1)
1 1 1

c. If 'yes' for b., is the metric commonly reported by a specified channel 

unit or bed feature to account for variance? (no = 0; yes = 1); if 'no' for 

b., enter 'N/A'

1 1 1

d. If 'yes' for c., can metric values be stratified by channel unit or bed 

feature from existing data? (yes = 0; no = 1); if 'no' or 'N/A' for c., enter 

'N/A'

0 0 0

e. Based on the metric definition, are metric values calculated in a 

standard way? (yes = 0; no = 1)
0 0 0

f. If 'no' for e., can a standard value be computed from existing data? 

(yes = 0; no = 1); if 'yes' for e., enter 'N/A'
N/A N/A N/A

IS THE METRIC (IN CURRENT FORM) STANDARD TO HABITAT CONDITION 

ASSESSMENTS? (Sum of a‒e: 0 or 1 = Likely Yes; 2‒7 =  Likely No)
2 2 2

EVALUATION MATRIX E: Do Metric Values Accurately Quantify Habitat Status at a Given Point in Time? 

a. Are observations subject to sampling variation stemming from 

observer error, timing of sampling, and/or equipment limitations? (no = 

0; yes = 1)

1 1 1

DO METRIC VALUES ACCURATELY QUANTIFY HABITAT STATUS AT A 

GIVEN POINT IN TIME? (from a: 0 = Yes; 1  =  No)
1 1 1

EVALUATION MATRIX F: Do Metric Values Accurately Quantify Habitat Trends?

a. Can any year-to-year changes in metric values be explained by a change in field 

method? (no = 0; yes = 1)
1 1 1

b. Can any year-to-year changes in metric values be explained by a lack of crew-to-

crew repeatability in the field data collection methodology? (no = 0; yes = 1)
1 1 1

c. Can any year-to-year changes in metric values be explained by a lack of 

adequate QA/QC processes to ensure consistency and reliability of data? (no = 0; 

yes = 1)
1 1 1

d. Can any year-to-year changes in metric values be explained by seasonal or 

yearly variability? (no = 0; yes = 1)
0 0 0

DO METRIC VALUES PRODUCED OVER MULTIPLE SURVEYS OVER TIME ACCURATELY 

QUANTIFY HABITAT TRENDS? (Sum of a through d: 0 = Yes; 1‒4 = No)
3 3 3

FIELD DATA COLLECTION METHODS: Particle Size Distribution
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Figure 121.  Completed Matrix G that evaluate the particle size distribution metrics. 

 

 
Figure 122.  Box and Whisker plots depicting the absolute differences between repeat QC samples of 
particle size estimates collected from the same site in the same year by different crews. 

GENERATED METRICS:
Substrate: D16 

(SubD16)

Substrate: D50 

(SubD50)

Substrate: D84 

(SubD84)

EVALUATION MATRIX G: Do Metric Values have Utility for Numerous Applications?
a. Are metric values usable in current form for applications that require high level 

of accuracy? (yes = 0; no = 1)

If Rating = '0' or 'yes' (i.e., values usable in current form), skip remaining criteria 

and enter "N/A" in respective fields; If Rating = '1' or 'no', continue with criteria 

b‒d

b. Are further desktop analyses (e.g., fixing bankfull elevations based on regional 

bankfull hydrology curves, delineating values by bed feature, or eliminating 

outlier values) recommended to improve metric values?  (yes = 0; no = 1)
0 0 0

c. Following further analyses, are the metric values usable for applications that 

require a high level of precision (e.g., trend monitoring)? (yes = 0; no = 1)
1 1 1

d. Following further analyses, are the metric values usable for broad-level 

applications that do not require a high level of accuracy (e.g., classification 

schemes and habitat condition assessments associated with ranges of values 

within the criteria)? (yes = 0; no = 1)

0 0 0

DO THE METRIC VALUES HAVE UTILITY, EITHER IN CURRENT FORM OR WITH 

FURTHER ANALYSES, FOR MANAGEMENT STRATEGIES, RESTORATION, 

EFFECTIVENESS MONITORING, AND/OR MODELING APPLICATIONS? (Sum of a 

through d: 0‒3 = Yes; 4 = Likely No)

2 2 2

1 1 1

FIELD DATA COLLECTION METHODS: Particle Size Distribution
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Figure 123.  Bivariate plot depicting the large differences between repeat samples 
for substrate D16 estimates collected from the same site in the same year. 

 
Figure 124.  Bivariate plot depicting the large differences between repeat samples 
for substrate D84 estimates collected from the same site in the same year. 
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Figure 125.  Box and Whisker plots depicting the absolute differences between primary CHaMP surveys 
of particle size estimates collected from 2011‒2016 on annual or rotating panel sites. 

 
Figure 126.  Box and Whisker plots depicting the absolute percent changes between primary CHaMP 
surveys of particle size estimates collected from 2011‒2016 on annual or rotating panel sites (y-Axis 
scaled to 1,000%, outliers for SubD16 extend to nearly 80,000%). 
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Cobble Embeddedness 

The cobble embeddedness field method is used to assess the percentage of fines surrounding cobble.  

The field method changed in 2012 to stratify particle sizes and reduce observer variability, which was 

high in 2011 (see Figure 127).  However, the variability between observers remains high because the 

method relies on ocular estimates.  Interviews with CHaMP field staff indicated difficulties of 

sampling due to measurement error.  Such difficulties are implicit in 2016 CHaMP field protocol 

document in a table that includes the ranges of precision and accuracy measures for stream habitat 

attributes (CHaMP, 2016, p. 107); the precision and accuracy of cobble embeddedness is blank. 

Furthermore, the theoretical basis for CHaMP and sampling protocols included in Bouwes et al. (2011, 

p. 38) discuss the inconsistencies in definition and repeatability surrounding cobble embeddedness 

methods.  Bouwes et al. (2011) recognized that none of the substrate metrics assessed subsurface fines.  

Therefore, it appears the embeddedness sampling technique was selected because it accounts for the 

general infilling of substrates with fine particles and thereby provides a measure of subsurface fines.  

However, because the embeddedness survey emphasizes cobble, many streams (e.g., gravel-bed 

streams) would not qualify for this type of survey, which may introduce inconsistencies across 

sampling sites.  The cobble size (> 64 mm) also suggests non-spawning relations for all but the largest 

salmonids in large cobble-based streams.  This non-spawning relationship was confirmed in an 

interview with Traci Sylte, the principle author of the methodology. 

 
Figure 127.  High crew-to-crew variability in embeddedness metric scores, extracted 
from lessons learned report for the 2011 pilot year (Ward et al., 2012). 

1 
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The cobble embeddedness method generates the following metric: 

• Substrate: Embeddedness Avg (SubEmbed_Avg) 

The embeddedness estimate is evaluated using Matrices D‒G as summarized in Figures 128‒129.  

Though embeddedness is referred to in the scientific literature (e.g., Waters, 1995), we believe the 

metric is insufficiently supported to be considered a standard metric in habitat condition 

assessments.  Embeddedness is difficult to measure with confidence (Sylte and Fischenich, 2002; 

DeVries, 2007), validated methods are lacking, and there is no common precise definition of 

embeddedness (Potyondy and Sylte, 2008).  For these reasons, embeddedness is rarely used by 

the Forest Service (FS) to characterize streambed conditions and has been largely replaced by 

more quantitative techniques, such as pebble counts (Potyondy and Sylte, 2008).  Indeed, two 

large FS aquatic monitoring initiatives (AREMP: Reeves et al., 2003; PIBO: Kershner et al., 2004) 

exclude embeddedness as a monitoring parameter.  Additionally, the ability of embeddedness to 

detect changes in land use has been questioned (Potyondy, 1993).  Although Sutherland et al. 

(2010) found significant relationships between embeddedness and land use indices, they 

cautioned the use of embeddedness methods to ensure that observed differences are due to 

condition rather than methodology.     

Figure 130 displays the variation and inability to obtain repeat measurements during replicate 

QC visits; therefore, this variation is due to observer error rather than condition change.  As such, 

the primary survey data are extremely variable with no clear relationships (Figure 131).  

Moreover, the field protocol has changed markedly over time.  Because of extreme observer 

variability and changes in field methods, we conclude that the embeddedness substrate metrics 

do not accurately quantify habitat status and trends.  In addition, without measurements of 

stream condition (e.g., sediment producing land use disturbance), results of the metric are 

difficult to interpret from a management perspective.  Therefore, we see no practical application 

of the cobble embeddedness metric for any applied purpose. 
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Figure 128.  Completed Matrices D‒F that evaluate the embeddedness metric. 

 

GENERATED METRICS:
Substrate: Embeddedness 

Avg (SubEmbed_Avg)

EVALUATION MATRIX D: Is the Metric (In Current Form) Standard to Habitat Condition Assessments? 

a. Is the metric commonly used in habitat assessments? (yes = 0; no = 2) 2

b. Does the metric represent a reach-wide (average) condition without consideration 

of a specified channel unit? (no = 0; yes =1)
1

c. If 'yes' for b., is the metric commonly reported by a specified channel unit or bed 

feature to account for variance? (no = 0; yes = 1); if 'no' for b., enter 'N/A'
1

d. If 'yes' for c., can metric values be stratified by channel unit or bed feature from 

existing data? (yes = 0; no = 1); if 'no' or 'N/A' for c., enter 'N/A'
0

e. Based on the metric definition, are metric values calculated in a standard way? (yes 

= 0; no = 1)
1

f. If 'no' for e., can a standard value be computed from existing data? (yes = 0; no = 1); 

if 'yes' for e., enter 'N/A'
1

IS THE METRIC (IN CURRENT FORM) STANDARD TO HABITAT CONDITION 

ASSESSMENTS? (Sum of a‒e: 0 or 1 = Likely Yes; 2‒7 =  Likely No)
6

EVALUATION MATRIX E: Do Metric Values Accurately Quantify Habitat Status at a Given Point in Time? 

a. Are observations subject to sampling variation stemming from observer error, 

timing of sampling, and/or equipment limitations? (no = 0; yes = 1)
1

DO METRIC VALUES ACCURATELY QUANTIFY HABITAT STATUS AT A GIVEN POINT IN 

TIME? (from a: 0 = Yes; 1  =  No)
1

EVALUATION MATRIX F: Do Metric Values Accurately Quantify Habitat Trends?

a. Can any year-to-year changes in metric values be explained by a change in field method? (no = 

0; yes = 1)
1

b. Can any year-to-year changes in metric values be explained by a lack of crew-to-crew 

repeatability in the field data collection methodology? (no = 0; yes = 1)
1

c. Can any year-to-year changes in metric values be explained by a lack of adequate QA/QC 

processes to ensure consistency and reliability of data? (no = 0; yes = 1)
1

d. Can any year-to-year changes in metric values be explained by seasonal or yearly variability? 

(no = 0; yes = 1)
0

DO METRIC VALUES PRODUCED OVER MULTIPLE SURVEYS OVER TIME ACCURATELY QUANTIFY 

HABITAT TRENDS? (Sum of a through d: 0 = Yes; 1‒4 = No)
3

FIELD DATA COLLECTION METHODS:
Cobble 

Embeddedness
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Figure 129.  Completed Matrix G that evaluate the longitudinal metrics. 

 

 
Figure 130. Bivariate plot depicting lack of repeatability and the differences 
between repeat samples for embeddedness estimates collected from the 
same site in the same year. 

GENERATED METRICS:
Substrate: Embeddedness 

Avg (SubEmbed_Avg)

EVALUATION MATRIX G: Do Metric Values have Utility for Numerous Applications?
a. Are metric values usable in current form for applications that require high level of accuracy? 

(yes = 0; no = 1)

If Rating = '0' or 'yes' (i.e., values usable in current form), skip remaining criteria and enter "N/A" 

in respective fields; If Rating = '1' or 'no', continue with criteria b‒d

b. Are further desktop analyses (e.g., fixing bankfull elevations based on regional bankfull 

hydrology curves, delineating values by bed feature, or eliminating outlier values) recommended 

to improve metric values?  (yes = 0; no = 1)
1

c. Following further analyses, are the metric values usable for applications that require a high 

level of precision (e.g., trend monitoring)? (yes = 0; no = 1)
1

d. Following further analyses, are the metric values usable for broad-level applications that do 

not require a high level of accuracy (e.g., classification schemes and habitat condition assessments 

associated with ranges of values within the criteria)? (yes = 0; no = 1)
1

DO THE METRIC VALUES HAVE UTILITY, EITHER IN CURRENT FORM OR WITH FURTHER ANALYSES, 

FOR MANAGEMENT STRATEGIES, RESTORATION, EFFECTIVENESS MONITORING, AND/OR 

MODELING APPLICATIONS? (Sum of a through d: 0‒3 = Yes; 4 = Likely No)
4

1

FIELD DATA COLLECTION METHODS:
Cobble 

Embeddedness
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Figure 131.  Bivariate plot depicting the differences between 
embeddedness estimates collected from the same site in the same year. 

 

 

Key Findings:  Channel Unit Level Attributes 

The channel unit level attributes include field data collection methods for fish cover, ocular substrate 

composition, pool tail fines, large woody debris, undercut banks, particle size distribution, and cobble 

embeddedness.  These methods are all somewhat affected by the inability to consistently classify 

channel units.  None of the methods produce accurate metrics to describe habitat status and trends, 

and changes to all field methods impact interannual survey comparisons.  Large woody debris counts 

and particle size distribution likely have the most utility for applications due to direct measurements; 

however, the metrics are not accurate due to observer subjectivity associated with measurement 

locations.  Ocular substrate composition metrics include large sampling variation due to subjectivity 

inherent with visual estimates; however, the metrics have utility for general applications that do not 

require high accuracy, such as classification schemes that use categories of the dominant particle size 

class.  Pool tail fine and undercut bank metrics contain extreme sampling variation, and thus any 

applications should consider the metrics as presence/absence of fine sediment or undercut banks.  The 

fish cover method changed significantly over the survey period, and the associated metrics contain 

large variation; further analyses of the fish cover elements are required for any application.  Last, the 

extreme observer variability and changes in cobble embeddedness field methods preclude the use of 

the associated metric for any applied purpose. 
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Site Level Attributes  

The completed Matrices B and C that evaluate all the auxiliary methods for site level attributes are 

reported in Figure 132.  The completed Matrices D-G that evaluate all the auxiliary metrics are 

reported in Figures 133‒134.  These results are discussed within each field data collection method. 

Within each field data collection method, further evaluations of the metric values are provided. 

 
Figure 132.  Completed Matrices B and C that evaluate the auxiliary methods for site level attributes. 

 

  

Alkalinity  
Conduct-

ivity  

List all years that field method changed or N/A if not applicable (If 

N/A, criteria A through D will score "0")
2012 2012 N/A N/A N/A N/A

2012, 

2013, 

2014

a. Did the field method change in any year? (no = 0; yes = 1) 1 1 0 0 0 0 1

b. Did the field method change in multiple years? (no = 0; yes = 1) 0 0 0 0 0 0 1

c.  Do any changes in the field collection method impact the metrics 

generated from the respective field method?  (no = 0; yes = 1)
1 1 0 0 0 0 1

d. Are any changes in the field data collection methods significant 

enough that the metrics generated before the change are likely 

different than the values produced after the change? (no = 0; yes = 1)

1 1 0 0 0 0 1

DO TEMPORAL CHANGES IN FIELD METHOD POTENTIALLY INFLUENCE 

THE ABILITY TO COMPARE INTERANNUAL SURVEYS? (Sum of a 

through d: 0‒2 = Likely No; 3 or 4 = Likely Yes)

3 3 0 0 0 0 4

a. From Evaluation Matrix B, did the field methods change during the 

duration of the project in ways that influence the ability to compare 

interannual surveys? (no = 0; yes = 1)

1 1 0 0 0 0 1

b. Is the field data collection methodology robust in the sense that it 

is highly repeatable from crew to crew and year to year (accounting 

for residual variation)? (yes = 0; no = 1)

0 1 0 0 0 0 1

c. Does seasonal or yearly variation influence any metrics generated 

from the field method? (no = 0; yes = 1)
0 0 0 1 1 1 1

d. Is the field method prone to subjectivity? (no = 0; yes = 1) 0 1 0 0 0 0 1

DOES THE FIELD METHOD PRODUCE ACCURATE DATA TO DESCRIBE 

HABITAT STATUS AND TRENDS? (Sum of a through d: 0 = Likely Yes; 

1‒4 = Likely No)

1 3 0 1 1 1 4

EVALUATION MATRIX B: Do Temporal Changes in Field Method Potentially Influence the Ability 

to Compare Interannual Surveys?

EVALUATION MATRIX C: Does the Field Method Produce Accurate Data to Describe Habitat 

Status and Trends?

FIELD DATA COLLECTION METHODS:
Water Chemistry

Site Level Attributes

Solar 

Input

Riparian 

Structure

Water 

Temp.
Discharge

Macro-

invertebrate 

sampling
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Solar Input 

The solar input methodology is associated with capturing images at the center of the main wetted 

channel at all odd numbered transects using the Solmetric SunEye device to ultimately determine the 

amount of solar radiation entering the stream channel (CHaMP, 2016).  Solar input data readings 

increased from five in the 2011 methodology to eleven in 2012 to better represent solar input 

distribution throughout the sites; therefore, it may be difficult to compare data collected in 2011 with 

data collected in 2012‒2016.  The method generates the following metric: 

• Solar Access:  Sumer Avg (SolarSummr_Avg) 

The value of the solar access data is poorly described.  It appears solar data could apply to shade and 

other riparian conditions associated with vegetative cover or land use, though such relationships 

were not described in CHaMP reports.  It is also unclear how, or if, the angle of incident solar 

radiation relates to changes in channel gradients, aspect of channel bedforms, primary and secondary 

productivity, and/or daily to seasonal changes.  In general, solar data collections are uncommon to 

stream habitat assessments unless specific vegetative or restoration questions are investigated.  

Discussions with CHaMP personnel (Nick Bouwes) suggest the solar data are being used to model 

gross primary productivity across CHaMP basins (Saunders et al., in submission).  Although there is 

clearly sampling variation inherent in the solar input data (Figure 135), it does appear that the dataset 

has some value for broad-scale modeling efforts.   

 
Figure 135.  Bivariate plot depicting the differences between repeat samples for 
solar input estimates collected from the same site in the same year. 
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Riparian Structure 

The riparian structure field method quantifies the effective areal cover, size, and type of riparian 

vegetation at each site (CHaMP, 2016).  Visual estimates within a 10 m by 10 m plot on both 

right and left banks are made at transects 1, 6, 11, and 21.  Estimates are made for the canopy, 

understory, and ground cover layer.  The percentage cover for the canopy layer are recorded by 

vegetation type (i.e., coniferous, deciduous, broadleaf evergreen, and dead woody vegetation) 

and by size (i.e., large trees > 3.0 m diameter and small trees < 3.0 m diameter).  The percentage 

cover in the understory layer is recorded by vegetation type (i.e., coniferous trees or shrubs, 

deciduous trees or shrubs, broadleaf evergreen, forbs and grasses, and dead woody vegetation).  

The percentage of ground covered is recorded by category type (i.e., trees, woody shrubs and 

tree seedlings; forbs and grasses; bare dirt; duff or woody debris; and rock). 

The field method added standing dead woody vegetation in 2012 to the canopy and 

understory layers to account for additional shade influences on the stream.  Also in 2012, the 

ground cover categories of duff, bare dirt, and rock were separated to distinguish between 

pervious and impervious surfaces.  In 2016, estimating percent riparian cover was eliminated 

at transect 16, thereby reducing the number of 10 m by 10 m plots on both right and left banks.  

The reduced sample size in 2016 and definition changes in 2012 limits the ability to compare 

interannual datasets. 

Furthermore, the method requires familiarity with vegetation types to properly record 

vegetation types within the canopy and understory layers.  Crew member familiarity with 

vegetation will likely influence measurements in addition to the obvious observer error that 

results from visual estimates. 

The metrics generated from the riparian structure method include: 

• Riparian Cover: Big Tree (RipCovBigTree) 

• Riparian Cover: Coniferous (RipCovConif) 

• Riparian Cover: Ground (RipCovGrnd) 

• Riparian Cover: No Canopy (RipCovNone) 

• Riparian Cover: Non-Woody (RipCovNonWood) 

• Riparian Cover: Understory (RipCovUstory) 

• Riparian Cover: Woody (RipCovWood) 

Currently, the selection of the generated metrics is confusing, and it is difficult to interpret the 

data as only certain aspects of categories exist (or, in the case of total canopy cover that isn’t 

reported, interpretations must be made based off the ‘no canopy’ metric).  At minimum, total 

percent canopy, understory, and ground cover estimates should be generated as standard 

metrics.  Similarly, metrics are not generated for numerous vegetation types (i.e., deciduous, 

broadleaf evergreen, dead woody vegetation, forbs and grasses) or small trees (< 3.0 m 

diameter) as only big tree and coniferous metrics are available; any metrics by vegetation type 

or size should be consistently generated, such that if one type or size is generated, then all 
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remaining types or sizes should be generated.  Additionally, some of the metrics are reported 

as percentages greater than 100%, such as percent woody cover with value ranges of 1‒300%; 

this adds to the confusion when trying to interpret the data for applied purposes. 

As expected, the field method is not highly repeatable with large absolute errors (Figure 136), 

particularly for the percent ground cover, understory, and woody metrics that combine 

numerous categories (e.g., Figure 137).  The observer error carries through to the primary 

CHaMP sites surveys between 2011‒2016 to quantify habitat status and trends.  In addition 

to the high sampling variation, changes in the field methods are likely displayed within the 

metric variation in Figure 138.  Thus, interannual differences in metrics do not reflect true 

changes to the riparian vegetation structures, thereby excluding the use of the dataset for 

trend analyses and other applications that require high accuracy.  The weak relationships 

present in most of the metrics (e.g., Figure 137 and 139) preclude the data from being used 

for applications that require high accuracy; however, most metrics have utility for general 

applications, such as presence/absence of the metric.  However, the data for percent ground 

cover is extremely variable and has no clear relationship (Figure 140), which greatly limits its 

use for any applications. 

Furthermore, without classifying riparian area by potential vegetation type (e.g., community 

type, habitat type), the ability to make ecological interpretations is limited regarding all 

aspects of the riparian inventory (e.g., plant succession or seral stage).  This lack of potential 

vegetation differs from other standard habitat survey methods (Overton et al., 1997; Kershner 

et al., 2004).  Assessments of invasive aquatic/riparian plants would also be useful from an 

inventory, land management, and restoration perspective.  It appears that shrub-dominated 

riparian areas (e.g., Salix spp.) would fall into the understory category. 
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Figure 136.  Box and Whisker plots depicting the absolute differences between repeat QC samples of 
riparian structure estimates collected from the same site in the same year by different crews. 

 
Figure 137.  Bivariate plot depicting high sampling error and the differences between repeat 
samples for percent woody riparian estimates collected from the same site in the same year. 
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Figure 138.  Box and Whisker plots depicting the absolute differences between primary CHaMP surveys of 
riparian structure estimates collected from 2011‒2016 on annual or rotating panel sites. 

 
Figure 139.  Bivariate plot depicting high variability and the differences 
between percent big tree estimates from between year CHaMP surveys. 
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Figure 140.  Bivariate plot depicting extreme variability and the differences 
between percent ground cover estimates from between year CHaMP surveys. 

  

Water Temperature 

Temperature dictates metabolic rates, physiological processes, and life history events and helps to 

explain the distribution and abundance of cold water salmonids, all of which are influenced by a 

warming climate.  Continuous water temperature data is collected for CHaMP sites using water 

temperature sensors.  Although small refinements to the method were made following the 2011 

season, we are confident that the water temperature method produces quality data throughout all 

years.  The method results in the following metrics: 

• Summer Hourly Average Temp (AvgHourly) 

• Summer Hourly Max Temp (MaxHourly) 

The water temperature data are among the most robust and valuable habitat data collected as part 

of the CHaMP program.  It should be noted, however, that it appears most of the temperature data 

available on www.champmonitoring.org is unprocessed, and outside entities or user groups should 

carefully process the data for errors common in any stream temperature data (e.g., logger failures, 

logger desiccation during dewatering/drought, etc.).   

CHaMP used stream temperature data to develop stream temperature models that provide a variety 

of stream temperature predictions (McNyset et al., 2015), including 8-day minimum, maximum, and 

mean temperatures throughout the year.  This is a considerable advancement for the field, and more 

importantly, a valuable tool for many different restoration, recovery, and management purposes.  
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Stream Discharge 

The CHaMP discharge method measures depth and velocity at increments along a cross-

section to calculate the discharge (Q) of the site at the time of sampling.  Measurements of 

stream discharge use standard techniques.  Though instructions on where to measure 

discharge changed slightly in 2014, the change is likely negligible with respect to 

measurements of discharge.  Overall, we are confident that the method produces highly 

accurate data representative of discharge at time of survey. 

Figure 141 displays low variability (with a few exceptions) in the measurements conducted 

at replicate QC sites; the variability that is present is likely due to actual condition (i.e., 

discharge) changes at time of survey (i.e., temporal variability).  Similarly, the high 

variability displayed in Figure 142 likely reflects true differences in discharge; however, the 

dataset cannot be used for trend analyses because the discharge at time of survey is not 

related to a specified water stage or baseflow conditions.  Without a stage recorder 

(pressure transducers) to track seasonal changes in streamflow, impacts to fish populations 

and migration, water temperature spikes, or changes in water quality concentrations due to 

altered streamflows and diversions cannot be adequately explained.  Flow modeling using 

the DEM with corresponding discharge and wetted channel data can perhaps be used to 

assess instream flow questions where dewatering overlaps with critical habitats.  However, 

CHaMP protocol also does not identify minimum instream flows for maintaining habitats, 

diversion withdraws, areas of dewatering, or minimal flow values necessary to sustain 

productive fish communities. 

Additionally, discharge data may help explain inconsistent channel unit classifications 

between two interannual surveys at a given site.  For example, surveying at higher flow 

periods makes it harder to distinguish between channel units if using water surface 

gradient as the primary indicator of channel unit.  Discharge data can also be used for 

many other applications, such as for developing hydraulic geometry relationships.  
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Figure 141.  Bivariate plot depicting overall low variability and the 
differences between repeat samples for discharge estimates collected 
from the same site in the same year.   

 
Figure 142.  Box and Whisker plots depicting the absolute percent change in discharge estimates from 
between year CHaMP surveys, indicating high variability in the data associated with actual discharge changes. 
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Water Chemistry: Conductivity & Alkalinity 

Conductivity and alkalinity are common water chemistry parameters.  Conductivity measures 

the ability of water to pass an electrical current, which reflects the presence of dissolved 

inorganic solids (e.g., salts) and the geology of the drainage area.  Conductivity has also been 

correlated with stream productivity and carrying capacity (Bjorrn and Reiser, 1991).  Streams 

with low conductivity are typically forested, headwater streams verses areas with more mesic 

clay soils tend to have higher conductivity because of the presence of materials that ionize when 

washed into the water. Agricultural and urban runoff can also increase conductivity.  Alkalinity 

is the capacity of water to neutralize acids.  This buffering capacity is caused by the water's 

content of carbonate, bicarbonate, hydroxide and phosphate.  This buffering can prevent 

reductions in pH for streams, e.g., acidification of waters.   

CHaMP measures conductivity, instantaneous water temperature, and alkalinity at the 

upstream end of sites within flowing water near the center of the channel (CHaMP, 2016).  The 

methods to sample conductivity and alkalinity follow standard methods (Heitke et al., 2008).  

The method remained consistent through all sampling years with small refinements to the 

instructions to increase clarity.  In 2014, the method added the instantaneous water temperature 

measurements for analysis purposes.  Conductivity, however, has a large amount of noise 

(ISEMP/CHaMP, 2017, p. 26); the source of this error is uncertain but could reflect calibration 

error or temporal variability involving water temperature or other conditions.   

Replicate survey – quality assurance – data for both Conductivity and Alkalinity suggest there 

is considerable sampling variation for both of these metrics (Figures 143‒144).  The median 

percent change between the first survey and any subsequent surveys is considerable (> 20%).  

This large variation is questionable as surveys are taken during lower flow periods rather than 

during runoff where large variability can be expected; meter calibration may be responsible, or 

the variation may reflect the true stochasticity in the water chemistry values themselves.  

Nevertheless, there is clearly a positive relationship between observations, suggesting that the 

data may have value for general applications (e.g., modeling) where imprecise but informative 

data are useful.  Indeed, some of these data are being used to model stream productivity in 

CHaMP watersheds (Saunders et al., in submission; Nick Bouwes, personal communication). 

Overall, both conductivity and alkalinity can help describe landscape-level chemical 

processes and help assess broad-scale human effects on the landscape.  However, from a 

land use/restoration perspective, absent from CHaMP are more common water chemistry 

conditions including total dissolved solids, nitrogen, phosphorus, and dissolved oxygen 

that could provide additional information relative to water quality 

impairments/improvements and restoration opportunities. 



 

 

 166 

  

 
Figure 143.  Bivariate plot depicting the differences between repeat samples 
for Alkalinity estimates collected from the same site in the same year. 

 

 
Figure 144.  Bivariate plot depicting the differences between repeat samples for 
Conductivity estimates collected from the same site in the same year.   
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Macroinvertebrate Sampling 

The macroinvertebrate sampling method is used to collect a quantitative sample that 

describes the abundance and composition of macroinvertebrates actively drifting in the water 

column and at the surface of the stream.  Biomass samples are taken immediately upstream of 

survey sites.  The macroinvertebrate sampling method produces the following metric: 

• Drift Biomass (DriftBioMass) 

The field method is intended to provide an estimate of forage availability; however, the 

methods changed multiple times in 2012, 2013, and 2014 with attempts to improve the 

quality of the data.  The drift methodology was eliminated in 2013, then reintroduced in 2014 

with alternative methods to improve collection techniques and results.  The changes are 

significant and will impact the ability to accurately quantify status and trends.  Based on 

information gathered in interviews with CHaMP staff, it also appears that drift samples were 

challenging, expensive, and were dropped in 2017 largely due to “noise” within the datasets.  

Furthermore, differences between biomass drift may be due to temporal variation since 

aquatic and terrestrial drift/forage relationships change seasonally; drift and forage behavior 

also likely varies among time of day (Hunt, 1975; Baxter et al., 2005).  In addition, random 

site selection did not account for possible changes in upstream land uses or the stream and 

riparian conditions, which could in some instances influence the abundance or composition 

of invertebrate communities (e.g., Saunders and Fausch, 2007).   

Potential concerns with the drift biomass data based on the protocol are clearly manifest in 

the observed data.  Unfortunately, there is no relationship between subsequent observations 

within a year or across years (Figures 145‒146).  Overall, the drift biomass data appear to be 

almost entirely unrepeatable.  As such, use of the dataset for status, trend, and general 

applications is not recommended.  The extreme variation in this data is particularly 

concerning given that it is a primary input in Net Rate Energy Intake models (Wall et al., 

2016, 2017) used to predict juvenile salmon abundance.   
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Figure 145.  Bivariate plot depicting the high variability and the differences between 
drift biomass estimates collected from replicate QC sites resurveyed in the same year.  

 

 
Figure 146.  Bivariate plot depicting extreme variability and the differences between 
drift biomass estimates collected from between year CHaMP surveys. 
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Key Findings: Site Level Attributes 

The site level attributes include field data collection methods for solar input, riparian structure, 

water temperature, discharge, water chemistry, and macroinvertebrate sampling.  The water 

temperature data are among the most robust and valuable habitat data collected as part of the 

CHaMP program.  We are also confident that the discharge method produces accurate data 

representative of discharge at time of survey; however, the dataset cannot be used for trend 

analyses because the discharge at time of survey is not related to a specified water stage or 

baseflow condition.  Unfortunately, without a stage recorder to track seasonal changes in 

streamflow, impacts to fish populations and migration, water temperature spikes, or changes in 

water quality concentrations due to altered streamflows and diversions cannot be adequately 

explained.  The water chemistry metrics (alkalinity and conductivity) contain considerable 

sampling variation; nevertheless, there is clearly a positive relationship between observations, 

suggesting that the data has value for general applications where imprecise but informative data 

is useful.  The solar input data also includes sampling variation, but the dataset likely has some 

value for general modeling efforts.  The riparian vegetation metrics contain large sampling 

variation, and the weak relationships present in most of the metrics preclude the data from being 

used for applications that require high accuracy; however, most of the metrics have utility for 

general applications, such as presence/absence of the metric.  Nonetheless, without classifying the 

riparian area by potential vegetation type, the interpretive value is limited regarding all aspects of 

the riparian inventory.  Last, the macroinvertebrate sampling method and associated drift 

biomass data appear to be almost entirely unrepeatable due to extreme sampling variation; as 

such, use of the dataset for status, trend, and general applications is not recommended. 

  



 

 

 170 

  

Data Management Processes 

The following sections provide the evaluation results of the data management activities by pre-

season, field-season, and post-season. 

Pre-Season Evaluation Results 

Pre-season data management includes documenting the project information, study design for 

sampling, and site evaluation metadata (CHaMP, 2016).  Project information includes agency, staff, 

roles, BPA project number, watersheds to be monitored, and other pertinent information.  The study 

design documentation includes the extent of the sampling frame, defined stratum, list of GRTS sites 

within each stratum, sampling allocation across stratum, and temporal sampling frequency.  The 

project and study design information is intended to be stored in the CHaMPmonitoring.org database 

with the raw data and generated metrics. 

Overall, the pre-season data management rated as being mostly effective, consistent, and accurate 

(Matrix H, Figure 147).  All pertinent project information was found within the CHaMP dataset for 

each watershed and sampling year.  The following discussion includes the documentation process 

related to the study design and site selection and highlights instances where data documentation and 

QA/QC processes can be improved or automated and where missing datasets may be problematic. 

 
Figure 147.  Matrix H evaluation results of pre-season data management activities. 

Raw Data (data inputs associated with season): Study Design

Final Data/Data Source (data outputs):
Site Selection or 

Rejection and Panels

a. Is data documentation performed on the datasets? (yes = 0; no = 1) 0

b. Is data documentation consistent across sites and metrics where 

appropriate? (yes = 0; no = 1)
0

c. Is user documentation available to allow appropriate CHaMP personnel to 

effectively execute task? (yes = 0; no = 1)
0

d. Are user group-level permissions appropriate for task? (yes = 0; no = 1) 0

e. Is modified data documented? (yes = 0; no = 1) 0

f. Can data be restored to raw state? (yes = 0; no = 1) 0

g. Where appropriate, has automatic data documentation been 

implemented? (yes = 0; no = 1)
1

h. Where appropriate, has automated QA/QC been implemented? (yes = 0; no 

= 1)
1

i. Are all known datasets present? (yes = 0; no = 1) 1

j. Does data management protocol reduce risk of lost data (yes = 0; no = 1) 0

HOW EFFECTIVE, CONSISTENT, & ACCURATE ARE THE DATA PROCESSING AND 

QUALITY ASSURANCE MEASURES RELATED TO DATA MANAGEMENT? (Sum of 

a‒j: 0 = Very Effective, Consistent, & Accurate … 5 = Slightly Effective, 

Consistent, & Accurate … 10 = Ineffective, Inconsistent, & Inaccurate)

3

EVALUATION MATRIX H: How Effective, Consistent, & Accurate are the Data 

Processing and Quality Assurance Measures Related to Data Management?

Pre-Season Data 

Management
CHaMP Workflow by Season:



 
A Technical Review of CHaMP’s Protocol, Data Quality & Implementation 

171 

 

 

Sites selected using GRTS are evaluated using the ‘GRTS Site Evaluation’ utility on the CHaMP 

website; sites are either accepted or rejected for sampling (Figure 148).  Evaluations are recorded on 

the ‘Site Evaluation’ form (CHaMP, 2016).  The ‘Site Evaluations’ table within the ‘Reports’ tab on 

CHaMPmonitoring.org contain reports for 14,631 sites (Table 26), which include the evaluation status 

of ‘Site Accepted’, ‘Site Rejected’, ‘Eval. In-Process’, and ‘No Eval. In-Process’.  Analyzing a subset of 

site evaluations, it is unclear why numerous evaluations are “In-Process” for sites evaluated in 2011, 

2012, and 2013 (Figures 149‒150); the ‘Ownership’ cells for the majority of the sites are also 

incomplete (Figure 149).  A sampling of the ‘Frame Evaluation’ found that there were varying levels 

of documentation provided for a site that ‘Does not meet criteria,’ including standardized notes to 

‘Provide Justification’ (Figure 151).   

 
Figure 148.  Pre-season site selection and rejection. 

 

 
 

Table 26. Count of site evaluations from 
CHaMPmonitoring.org accessed January 9, 2018. 

Year Evaluations 

2011 2,267 

2012 2,653 

2013 2,928 

2014 2,069 

2015 1,893 

2016 1,493 

2017 1,328 

 

GRTS Sites

Remove sites 
due to 

programmatic 
changes, 

restoration 
efforts, QA/QC 

results from 
previous years

Prepare GRTS 
sample design 
where needed 

to add sites 
where 

programmatic 
changes 
dictate

Adjust 
sampling 
panels to 

reflect 
changes

Prepare 
visit list for 
field crews

End of season: 
review actual 
visit data and 

QA/QC for 
Continued 

Inclusion or 
Rejection
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Figure 151.  Example ‘Frame Evaluation’ for a site that ‘Does not meet criteria’ from 
CHaMPMonitoring.org accessed January 9, 2018. 

 

Following site evaluations to determine approved sampling sites, the study designs for the 

various CHaMP watersheds are documented within the CHaMP database.  We compared 

sampling design summaries from those accessed on January 8, 2018, via the 

api.CHaMPmonitoring.org website (91 summaries) with those obtained from 

MonitoringResources.org (159 summaries).  Although there are more sampling designs in the 

database associated with MonitoringResources.org, many of these sampling designs are not 

designs used within CHaMP.  These unused designs should be archived, or removed, to 

alleviate confusion. 

Furthermore, metadata for the study designs from CHaMPmonitoring.org is insufficient to 

easily obtain the study design for a given year and determine updates to the study design 

throughout the sampling years.  The data is organized by year, which suggests the study 

designs were significantly modified year to year rather than updated.  A study design 

database is available through ‘Data Exports’ within CHaMPmonitoring.org; this database 

provides the study design information for all years but does not include latitude and 

longitudes for all sites.  A complete sampling frame shapefile (MasterFrame_20171216) was 

provided by Carol Volk, ‘MasterFrame_20171216’, which documents all the sampling 

frames for the CHaMP program; this documentation was not publicly available.  Overall, 

we found minimal documentation of the study design for early sampling years but found 

improved documentation as the program progressed. 
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Field-Season Evaluation Results 

The field-season data collection is the basis of the CHaMP program and provides the majority 

of the input parameters for data processing and analyses.  Data collected at each visit is 

consistent across site visits due to the data input process.  The field-season data management 

is evaluated by the data collection type and the device used to record the data: 

• Auxiliary Field Data Collection:  

‒ Numerous measurements collected with iPad 

‒ Site photos captured with Camera 

‒ Air and Water Temperature recorded using Data Logger 

‒ Solar radiation captured with Solmetric SunEye 

• Topographic Field Data Collection: 

‒  Recorded using Topcon Data Collector 

 

Overall, the field-season data management for each data collection type mostly rated as being 

effective, consistent, and accurate (Matrix H, Figure 152).  The following discussions include 

the evaluations for each data collection type and data recording device.  
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Auxiliary Field Data Collection: iPad/Juniper Systems 

The method for collecting the auxiliary field data has changed throughout the CHaMP’s 

sampling years.  For approximately the first two years of the program, auxiliary field data was 

collected on Juniper Handheld data loggers.  These Juniper Handhelds were replaced with a 

custom application interface (API), ‘GeoOptix’, developed by Sitka Technology Group for the 

iPad (GeoOptix User Manual June 2017).  Overall, the specialized programs developed for the 

CHaMP program to record auxiliary data measurements is impressive.   

One member of the field crew enters auxiliary field measurements into GeoOptix while other 

members perform the topographic data collection.  Data entry into GeoOptix is limited to visits 

generated during the pre-season exercises and uploaded directly to the CHaMPMonitoring.org API.  

The initial release of GeoOptix used a data broker program located on the program laptops to transfer 

the data from the iPad interface to CHaMPmonitoring.org.  Currently, the data is transferred directly 

from the iPad to CHaMPmonitoring.org, which reduces processing time and potential for errors. 

The GeoOptix interface incorporates an automated QA/QC process that improves the quality of the 

field data collection (Figure 153).  The interface reduces user errors by comparing input values with 

pre-defined limits for the watershed for each measured value.  This automated QA/QC process may 

be overridden by the user with acknowledgement for visits that have measurement values that fall 

outside of the predefined range.  In addition to verifying input data, the interface verifies all data 

was collected and thereby reduces the potential for measurement parameters to be accidentally 

skipped.  Again, the user may override the system and or skip measurements that cannot be made 

due to various reasons.  Once the system data validation checks are passed, the visit is cleared for 

upload.  Once the site is uploaded, it is removed from the upload list, and a backup copy remains 

on the iPad (2017 GeoOptix Manual).  Crews are also directed to backup data to an external drive to 

prevent loss of data from damaged or stolen field equipment. 

 

 
Figure 153.  Visit validation messages provided by the GeoOptix application (GeoOptix June 2017 manual). 
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Overall, the GeoOptix interface makes it easy for crews to record auxiliary measurements and to 

transfer data to CHaMPmonitoring.org.  However, the data review process can be improved by 

providing comment fields that contain a drop-down itemized list rather than text fields.  Although 

text fields allow crews to insert more detailed explanations of the field conditions, it is unknown 

how many values are changed without comment values being entered and lengthy text 

descriptions typically are not consistent.  Also, data cannot be restored to the raw state, and 

automated data documentation, such as time stamps of data entry, is absent. 

Auxiliary Field Data Collection: Site Photos using Camera 

Photographs at the end-point are stored in a PNG format, which does not include metadata.  This 

disconnect between the file and the metadata may result in a loss of information as the files are 

transferred between systems.  Embedded metadata ensures data travels with the files to prevent 

separation and to provide an additional QA/QC check on the input data.  Explicit use of cameras 

with GPS units may improve data documentation.  Overall, however, the data management 

associated with the photograph dataset was found to be satisfactory. 

Auxiliary Field Data Collection: Air & Water Temperature using Data logger 

Air and water temperature measurements are recorded using data loggers.  Evaluating the 

temperature datasets was difficult as the web interface is not designed to display the temperature 

data.  It appears that data is processed seasonally (and in the first few sampling years, not very 

frequently), rather than after download, which has resulted in some lost datasets.  Time stamps 

appear to not be correct for various measurements and thus the data was thrown out; however, 

some of this data may have been salvaged with further evaluations.  Also, no documentation related 

to calibrating thermometer sensors was found to ensure accurate data values.  Although it appears 

that the QA/QC process related to the temperature data is difficult due to the sheer volume of data, 

overall, the data processing and QA/QC measures are adequate. 

Auxiliary Field Data Collection: Solar Radiation using Solmetric SunEye 

Solar radiation is measured at the center of the wetted channel using the Solmetric SunEye device 

to capture images at all odd numbered transects (CHaMP, 2016).  The device stores the images until 

they are downloaded to the laptop computer using the provided USB cable; once the images are 

downloaded, they are automatically removed.  The files are named using the ‘Site ID’ and date of 

the session.  The data is then processed in the SunEye application. 

During data processing, users can correct errors due to solar glare, cloud cover, poor contrast between 

vegetation and open sky, or other image quality issues (Solmetric SunEye Post-Processing 

Procedures).  The reports are then exported using standardized procedures using the default folder 

path.  Once the data is post-processed, it is copied into the ‘GeoOptixBroker’ file structure on the 

laptop.  All data collected in the field is to be uploaded by the crew supervisor on a weekly basis. 

Despite the protocols in place that should result in minimal lost data, the number of visits that 

yield the resulting Solar Access: Summer Average metric is significantly lower than other metrics.  

For example, 912 observations are recorded for the substrate D16 particle size; whereas, only 446 

observations are recorded for the Solar Access: Summer Average metric. 
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Topographic Field Data Collection: Topcon Data Collector 

The topographic field data collection starts with creating an initial file based on a template that 

includes preloaded codes typically used during the survey (CHaMP, 2016).  The file is named 

using ‘SiteID-Date-Organization’ to create an identifiable file once the survey is complete.  

Crew members collect points and lines that are attributed to feature codes using the Topcon 

data collector.  The X, Y, Z coordinates and feature codes are uploaded to and stored within 

CHaMPmonitoring.org.  The raw data state can be restored by a user with the appropriate 

level permissions using the instances for each of the values.  Overall, the data management 

associated with collecting topographic field data is effective, consistent, and accurate. 

Post-Season Evaluation Results 

Figure 149 displays the Evaluation Matrix H results of post-season data management activities, 

which include processing the topographic survey data, laboratory analysis of macroinvertebrate 

sampling, QA/QC measures for the data input into the data broker (GeoOptix), and metric 

generation with QA/QC processing.  The metric data can be accessed using the new CHaMP 

Workbench tool, which is based on SQL; previous access was in MS Access.  If looking at older 

data, MS Access must be used to access the data (Laurel Faurot, personal communication).  The 

measurement data continues to be generated in an MS Access format and can be downloaded 

from CHaMPmonitoring.org in a pre-staged file.  
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Post-Processing Workflow Manager:  CHaMP Topo Processing Tools 

Topographci survey data is processed using ‘CHaMP Topo Processing Tools’.  CHaMP personnel 

have indicated field personnel need to be familiar with the post-processing tools to be able to 

effectively use the tools.  The processing includes approximately 20 in-depth steps (Figure 155).  

The topographic data processing and clean-up is typically the responsibility of the rodman (Carol 

Volk, personal communication); this enables on-the-ground information to be incorporated into 

the processing to help detect data anomalies. 

The data management activities related to the CHaMP topo processing tools were evaluated 

based on the available documentation.  The topo processing tools addin shown on 

champtools.northarrowresearch.com shows the current version is 7.0.21 released October 30, 

2017.  However, the help files located on champtools.northarrowresearch.com have previous 

dates as early as 2012.  As such, some of the methods may have changed with later releases of the 

CHaMP Topo Processing Tools.  One significant change is the migration from the ESRI 

Geodatabase structure to less proprietary formats, such as shapefiles and sqlite databases.  This 

change in processing has resulted in changes to the datasets, which the evaluation team has 

detected through the various iterations of datasets during the team’s review. 

The topo tool (in the current revision) creates log entries for the processing steps.  Additionally, 

users may add notes to the survey using ‘Add a Note to Survey’ tool during the processing.  The 

toolbar provides logging throughout the processes.  However, the workflow involves numerous 

processing steps that could result in data being edited.  Since the data inputs are not approved 

(locked for editing or uploaded) prior to proceeding to the next step, there is the potential for the 

final product to be produced from outdated input files.  Changes made within the intermediary 

steps of the various shapefiles are not tracked, and thus it is unlikely that data for any step could 

be restored to raw state.  It is possible, however, for the dataset to be restored to the first step, but 

the numerous processing steps involved could result in lost data. 

In regard to data documentation, the survey data processing tools are well documented.  

However, as the toolbar progresses toward generating the DEMs and shapefiles, the quality of the 

documentation declined with some of the tools requiring manual editing of the shapefiles.  Also, 

automatic data documentation should be performed associated with the bankfull elevation and 

final bankfull polygon the crews generate using the slider tool.  Currently, average bankfull slope 

is difficult to determine using the CHaMP dataset, which could be determined if the bankfull 

elevation is recorded at the top of site and bottom of site. 

Overall, the post-processing workflow manager rates as slightly effective, consistent, & accurate 

as many improvements can be made.  The QA/QC process for this dataset with the associated 

metadata is time consuming and difficult to perform due to the extensive number of steps 

without intermediary QA/QC and data aging.  Reviewers would essentially repeat the same 

procedures within the QA/QC process; if errors were identified, data would need to be reworked 

and the entire process would need to be re-reviewed. 
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Macroinvertebrate Sampling: Laboratory Analysis 

Samples of macroinvertebrates captured with the drift net methodology are collected in sample 

jars and sent to a lab for analysis.  Sample jars are labeled in the field with pre-generated labels to 

allow samples to be matched with corresponding visits upon return.  The iPad is used to log 

information regarding the sample jars collected.  The lab uploads the results of the Drift Sample 

analysis via a ‘.csv’ file to the CHaMP ignite processing engine (Carol Volk, personnel 

communication).  Prior to 2016, the Sitka API directly ingested the data and results were populated 

within CHaMPmonitoring.org.  In 2016, the process migrated to a more manual process where 

South Fork Research combines the laboratory results with database queries and generates an input 

script that is then processed by the CHaMPmonitoring.org API. 

This process rates as slightly effective, consistent, & accurate due to limited data documentation 

available, minimal tracking of modified data, potential for lost data, and unknown ability to restore 

data to the raw state.  The majority of the deficiencies were found due to the multiple processing steps 

used to combine the laboratory results with the visits and upload to CHaMPmonitoring.org.  The 

process is typical for these types of datasets, but the reliance on few personnel to complete this step 

reduces the QA/QC processes that occur and may result in additional systematic errors. 

Data Broker (Sitka GeoOptix) 

The Data Broker provides the transfer interface from the crew devices into CHaMPmonitoring.org.  

The crew is required to pass automated QA/QC checks prior to data being uploaded to the database 

and setting the site to ‘Data Approved’.  The user-level permissions appear to be sufficient as an 

unaffiliated user received an insufficient permissions error upon attempting to initiate a file transfer.  

Deficiencies were identified in the ability to document modified data; crews are able to update data 

and reload these to CHaMPmonitoring.org when the existing data has been previously set to ‘Data 

Approved’.  Overall, however, this data management step rates as effective, consistent, and accurate. 

Metric Generation and QA/QC Processing 

Once the field measurement data has been processed and uploaded to CHaMPmonitoring.org, the 

visit level status is set to ‘Data Approved,’ and the dataset is ready for metric generation.  Metric 

generation is triggered through the CHaMP Workbench and is run through Amazon Web Services.  

Metric generation was once triggered automatically and run on the Sitka servers, which house the 

database.  Now the process is triggered manually by CHaMP personnel with appropriate level 

permissions and software and then uploaded back to the Sitka servers.  The basis of this process 

change was presented as a problem with the black box and CHaMP personnel not being able to see 

what was occurring in addition to limited availability of troubleshooting information.  We found that 

metric generation occurs on all data at intervals exceeding a frequency of quarterly depending on the 

time of year (Carol Volk, personal communication).   
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The QA process is handled by Boyd Bouwes and Carol Volk (Boyd Bouwes, personal 

communication). Once the metrics are generated, ‘CHaMP Workbench’ is used to generate 

comparison charts with previous observations in an attempt to identify outliers.  Carol Volk and 

Kelly Whitehead (GIS specialist) do additional QA/QC range testing (Boyd Bouwes, personal 

communication).  This QA/QC method uses year-to-year comparisons, which are adequate for 

annual sites but difficult for rotating panel sites (Boyd Bouwes, personal communication).  The 

QA/QC process is a hybrid process between the measurement data and the generated metrics.  If 

the metrics generated appear as outliers, then the measurement data is reviewed for consistency 

and accuracy.  If the data is found to be inconsistent or inaccurate, the measurement data may be 

updated if possible and metrics are re-run. 

The data management evaluation of the QA/QC processing and metric generation resulted in a 

rating of slightly effective, consistent, & accurate.  We used the api.CHaMPmonitoring.org interface 

to evaluate portions of this process and gain insight into the methods.  Each visit includes a value for 

the date the data was last updated providing some level of QA/QC on the dataset.  The team found 

it concerning that many older visits were updated at the end of November.  In a randomly-selected 

dataset (Figure 156), site name ‘3283’ was sampled July 8, 2015, and the last updated value was 

November 18, 2017; this updated value occurred more than two years after the site was sampled.  

Likewise, site name ‘862’ (Figure 156) was sampled July 23, 2012, and last updated March 4, 2013.  

However, the last measurement change was made December 3, 2016; following the link for the visit 

862 https://api.champmonitoring.org/api/v1/visits/862/), there is no information readily available to 

determine which values were changed December 3, 2016.  CHaMP personnel indicated many of 

these changes resulted from the conversion of the Topographic data from ESRI format to more open 

formats in addition to changing from the previous version of the RBT tools to the scripted version of 

the RBT tools.  The scripted version has allowed sites that were previously unprocessed to now be 

processed (Carol Volk, personal communication).  

Overall, it is also troubling that the metrics are frequently regenerated for all CHaMP sites.  This 

suggests that values would change on such a basis to necessitate this processing or that the metric 

generation was inconsistent between runs.  The deficiencies in the data documentation regarding 

changes to the visits will result in a loss of any information associated with the data modifications 

over time.  Without replacing the entire dataset, an end user has no way of identifying the data 

that needs to be updated, which ends up being computationally and bandwidth intensive when 

considering the dataset consists of nearly one million points.  During the review process, the team 

noted visit ‘300’ had a bankfull area ‘Area_bf’ value of 36266.32 in the first dataset provided by 

Carol Volk; this value was found to be 1058.4004 when the data was pulled via the API using a 

python script January 16th and 17th, 2018.  The value was then updated back to 36266.3274 on 

February 1, 2018 (following inquiries for the value differences with CHaMP personnel).  In this 

instance, the data was eventually returned to the ‘correct’ value, but data with obvious errors 

were uploaded to the CHaMPmonitoring.org database.  

 

https://api.champmonitoring.org/api/v1/visits/862/


 
A Technical Review of CHaMP’s Protocol, Data Quality & Implementation 

185 

 

 

 

F
ig

u
re

 1
5
6
. 

 A
 r

a
n
d
o
m

ly
-s

e
le

c
te

d
 s

it
e
 f

ro
m

 C
H

a
M

P
m

o
n
it

o
ri

n
g
.o

rg
 a

p
i 
a
c
c
e
ss

 v
ia

: 

h
tt

p
s:

/
/
a
p
i.

c
h
a
m

p
m

o
n
it

o
ri

n
g
.o

rg
/
a
p
i/

v
1
/
si

te
s/

c
b
w

0
5
5
8
3
0
0
2
7
3
1
 J

a
n
u
a
ry

 6
, 

2
0
1
8
. 

N
o
te

 t
h
a
t 

th
is

 d
a
ta

 w
a
s 

a
c
c
e
ss

e
d
 w

it
h
o
u
t 

lo
g
g
in

g
 i
n
 t

o
 t

h
e
 O

p
e
n
ID

 C
o
n
n
e
c
t 

S
e
c
u
ri

ty
. 



 

 

 186 

  

Usability of CHaMP’s Website & Database Structure 

While evaluating CHaMP’s data management processes and gathering information used in our 

evaluations, we highlighted some usability issues associated with the CHaMP website and 

obtaining data.  Such usability issues should be rectified as they likely impede the use of CHaMP’s 

website by interested parties.  One major point of confusion that makes it difficult to find specific 

information is that different CHaMP documents and data are on two different websites:  

CHaMPmonitoring.org and MonitoringResources.org, rather than all information being available 

on CHaMPmonitoring.org.  For example, both websites contain “Glossaries” webpages, but the 

content is entirely different.  Both “Glossaries” are important to CHaMP, and as such, both 

“Glossaries” should be included on CHaMPmonitoring.org.  Content is also not intuitively 

organized.  For example, finding the most current CHaMP protocol (CHaMP, 2016) was not 

straightforward; we looked on CHaMPmonitoring.org under “Program” within “Documents” and 

also within “Protocol” to no avail.  We then searched within MonitoringResources.org and found 

the latest version of the protocol to be 4.0 with a 2014 date.  We eventually located the 2016 protocol 

on the homepage of CHaMPmonitoring.org under “News and Announcements” where you can 

download the document by clicking on a link, or “find it under >Program>Documents>Resources: 

Field visits and data collection.”  However, the 2016 CHaMP document does not exist under 

“Program>Documents>Resources: Field visits and data collection.”  We eventually realized there is 

a “year” drop-down function in the upper right corner of the website that you must change from 

“2017” to “2016” to obtain the 2016 CHaMP protocol.   Also, we later realized that the 4.0 version on 

MonitoringResources.org is the most current version as no changes were made in 2015 or 2016, but 

this is not clear to users unfamiliar with CHaMP.   

Numerous links are also broken on CHaMPmonitoring.org where you get a message “Whoops! The 

page you are looking for is not found.  The problem has been recorded for resolution” (e.g., 

https://www.champmonitoring.org/Program/RetrieveProgramDocumentFile/1/606).  Additionally, 

CHaMP’s website navigation is not user friendly as we found we have to consistently use the “back” 

button rather having linked pages open in a new tab.  For example, under the “CHaMP Program and 

Protocols” (https://www.champmonitoring.org/Program/Details/1#tab-protocol~#protocol2038), when 

you click on one of the data collection method links, it takes you to monitoring resources in the same 

tab rather than a new tab (e.g., https://www.monitoringresources.org/Document/Method/Details/5396).   

Accessing data of interest through CHaMPmonitoring.org is also difficult and ineffective because the 

website is organized by watershed and year, forcing users to filter based on those parameters.  Thus, 

analyzing eight watersheds and six years of data requires a minimum of 48 datasets to be downloaded 

from the website.  A central data access point that allows user-desired filters would facilitate data 

access and distribution allowing the user to easily obtain data for multiple years and/or across 

watersheds.  In addition, data is reported based on the measurement and metric schemas related to 

Tier I, Tier II, and Visit level values; the schema usage results in multiple ‘Area’ metrics, for example, 

that have the same name resulting in extreme confusion as data are transformed.  Publishing values 

with a metric name that includes ‘Tier I’, ‘Tier II’, or ‘Visit’ for a given metric, or eliminating the Tier I 

and Tier II schemas, would alleviate this confusion.  Last, although the website shows measurement 

units in the display headers, the downloaded datasets do not include units of measure; this critical 

element for all data products must be remedied.   
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Results of the Inference Design Evaluation 

As part of the 2008 BiOp, CHaMP was specifically tasked with collecting habitat status and trend data 

at watershed scales to inform and evaluate the effectiveness of management/restoration actions.  

CHaMP was therefore developed to quantify overall habitat status at a watershed scale, habitat status 

at a reach scale, and habitat trend over time (both reach and watershed scales).  The inference design 

and statistical methods associated with CHaMP’s status and trend design are well-developed.  

However, CHaMP’s inference design appears to be limited by statistical power at the watershed level.  

It is unlikely that detailed survey data at selected CHaMP reaches is appropriate for watershed status 

and trend assessment – the variation around watershed level estimates is large, and thus power to 

detect significant change (due to land use, restoration, or otherwise) appears limited.  Beyond 

inference design, reporting metrics that are watershed averages provides little direction and 

information for habitat restoration, management, and effectiveness monitoring.  For example, if the 

metric for the D84 substrate particle size showed a statistically significant increase of 20 mm in the 

Lemhi Watershed, how does this inform or direct restoration, management strategies, or effectiveness 

monitoring?  The apparent shortcomings with status and trend data relate more to CHaMP’s overall 

study design and lack of a stringent stratification to minimize variance when analyzing and 

interpreting the data for management and restoration purposes. 

DISCUSSIONS 

“Explaining” the Results 

A retrospective review of CHaMP highlights additional issues not described within the results that 

inhibited CHaMP’s long-term success, including: 

• A clear and unified vision for CHaMP appears to have been lacking at the time of 

development with major disconnects in communication throughout implementation 

• Scientific investigation and technical questions related to CHaMP were not posed by project 

management until mid-way through implementation, necessitating shifts in project direction 

and aim over time 

• CHaMP was initially proposed as a pilot project for select watersheds, but legal requirements 

necessitated larger implementation, prohibiting the opportunity to address major 

shortcomings with the program and demonstrate effectiveness prior to widespread 

implementation 

• Review of the CHaMP protocol by ISRP (Independent Scientific Review Panel, 2011) 

highlighted numerous concerns that were ultimately not rectified, including the 

appropriateness of GRTS random site selection to address habitat restoration effectiveness, 

rigorously field testing non-standard data collection methods, investigating the appropriateness 

of “upscaling” site-level indicators to the watershed level, and clearly linking field methods and 

indicators to the factors causing habitat degradation 

• Data metrics are generated automatically using a scripted computer program with 

automated QA/QC processes with no analyses of the reach-level data by individuals 
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intimately familiar with the data; this greatly limits quality control as end users are 

unlikely to identify major survey errors   

• The study design focused too heavily on modeling applications without incorporating 

restoration-driven concepts to understand departure of impaired systems from functioning 

conditions and identify human-induced limiting factors of salmonid habitat 

Overall, a better integrated and collaborative approach (including Federal, State, and Tribal agencies), 

with robust peer-review from researchers and practitioners, is strongly encouraged if future habitat 

assessment and monitoring programs are implemented in the Columbia River Basin. 

Piecing Together the Data 

Purposes of data collection must be clearly defined with an understanding and appreciation of 

how the data fits within the big picture – in CHaMP’s case – assessing habitat condition, 

identifying habitat limiting factors, informing restoration, and ultimately assisting in the recovery 

of Chinook Salmon and Steelhead.  All data must be pieced together to tell the big-picture story.  

We found it difficult to piece together CHaMP data to not only tell the big-picture story at a 

watershed spatial scale, but to describe habitat conditions at the reach level.  It is critical that reach-

level data collections be analyzed by experienced field crews for quality control purposes and to 

ensure the data properly reflects field conditions; multiple “checks and balances” are considered 

during data analyses, including: 

• Validation of bankfull discharge and riffle cross-sectional area using regional curves; 

riffle cross-sectional area should be validated in the field during data collection to 

ensure conditions are properly represented with the survey 

• Flow continuity checks:  ensuring appropriate relationships among bankfull width 

(W), mean depth (d), cross-sectional area (A), velocity (ū), and bankfull discharge (Q), 

where Q = A/ū, and A = W/d) 

• Ensure that bed features are properly identified and located among cross-sections and 

the longitudinal profile 

• Bankfull consistency: Ensure the longitudinal profile bankfull slope agrees with water 

surface average slope, and that the bankfull elevations between the cross-sections and 

the longitudinal profile agree 

Multiple “checks and balances” are also considered for trend analyses to ensure that the overall story 

(i.e., stable/functioning, aggrading, degrading, erosion rates, sediment supply) is supported; critical 

“checks and balances” and important techniques for monitoring include: 

• Matching the locations, point densities, and bankfull elevations of prior surveys during 

resurveys of longitudinal profile and permanently-monumented cross-sections 

• Interpret annual changes in channel morphology by overlaying cross-section and 

longitudinal profile graphs of survey 1 and survey 2 and analyzing data 

• Ensuring the interpretations from cross-sections match those from the longitudinal profile 

(i.e., that deposition evident in a cross-section is also evident at the same stationing 

location in the longitudinal profile) 
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• Resurvey of streambank profiles (monumented by toe pins and end pins) with bank pins 

to determine erosion rates 

• Scour chain recovery data to determine bed stability and incipient motion/shear stress relations 

• Resampling pebble counts (100 count per bed feature transect) at the same location as 

previous survey (generally under cross-section tape) to determine shifts in size 

distribution that must also agree with cross-section interpretation (e.g., shifts in particle 

sizes toward finer materials are typically associated with sediment deposition shown in 

the corresponding cross-section)  

• Resampling bar samples at same location as previous survey to determine shifts in sizes 

of sediment transported; any shifts must also agree with incipient motion/shear stress 

relations and scour chain interpretations 

This data collected and analyzed for a specific reach condition (impaired or reference) provides valuable 

information for managers and habitat restoration and sets the stage for effectiveness monitoring. 

CHaMP Modeling Applications 

CHaMP data are used in a variety of geophysical, climatic, and biological models.  Based on initial 

results regarding model performance (e.g., Wall et al., 2016, 2017), many of the modeling tools show 

promise in quantifying fish-habitat relationships (RPA 56.1).  However, future investigation is 

necessary related to the CHaMP habitat data used in the various biological models.  Here we identify 

which habitat metrics (or raw data products) are used in each biological model and discuss any 

potential issues that might stem from data collection problems as described previously. 

NREI Model 

Habitat data collected during CHaMP surveys are used to parameterize NREI (Net Rate of Energy 

Intake) models that predict juvenile salmon carrying capacity at a reach scale.  NREI-predicted carrying 

capacity was found to be correlated with Steelhead densities in the John Day and Asotin basins 

(although mean NREI values were not correlated with observed biomass, and observed Steelhead 

densities were far lower than NREI-predicted Steelhead densities, Wall et al., 2016).  The NREI model 

has been used for planning and implementation of habitat actions (see Wall et al., 2017).  NREI model 

outputs are also used in other biological models, including Life Cycle Models (see below).  The NREI 

model uses the following metrics generated from the field data collection methodology: 

• Stream topography (DEM) for each reach 

• Invertebrate drift (DriftBioMass) 

• Substrate 

• Stream temperature 

• Discharge 

The results of the evaluation matrices suggest that sampling variance in the invertebrate drift metric 

and the substrate measures strongly limit the accuracy of NREI model predictions and extrapolations.  

Indeed, the DriftBioMass data appear to be entirely unrepeatable.  Further, the NREI model 

predictions do appear to be biased high – identifying whether this reflects limitations in the CHaMP 
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metrics or limitations in the modeling approach itself may be needed if NREI model output is to be 

used for applied purposes.  Although sampling variation is also present in the topographic data, this 

variation is likely very minimal compared to sampling and process variation in the response variable 

(juvenile salmon densities).  Thus, we suspect the CHaMP topographic data are quite useful for this 

modeling application. 

Despite sources of variation inherent in the habitat data collections, the NREI model predications are 

correlated with observed Steelhead density, suggesting the tool (and underlying data) are useful for a 

variety of questions and applications.  If NREI estimates are correlated with Chinook Salmon and 

Steelhead densities elsewhere (i.e., after further validation), we recommend that efforts are taken to 

improve the auxiliary data inputs (Substrate and DrifBioMas) or to identify alternative 

parameterizations that do not include those data.  Overall, this is a promising area of the program – 

one that probably makes best use of the CHaMP data both in terms of what data were collected and 

the underlying sampling design (a reach-based sampling approach distributed throughout a 

watershed).  Further exploration of this tool is warranted and needed. 

QRF Summer Parr Rearing Capacity Model 

Quantile Regression Forest (QRF) models are used to identify metrics related to the summer parr 

rearing capacity for spring Chinook Salmon.  These models have not been published in the peer-

reviewed literature.  However, a description of the modeling approach (provided by C. Jordan, 

NOAA) provides some framework for evaluating linkages between QRF models and CHaMP data.   

Best-supported QRF models include the following CHaMP-derived metrics: 

• Conductivity (Cond) 

• Temperature (7dAMGtrl18 and SummerHourlyAverageTemp) 

• Discharge (Q) 

• Fish Cover (FishCovTotal) 

• Bankfull Width to Depth Ratio (BfWDRat_Avg) 

• D16 Substrate < 6mm (Substrate: D16 and SubLT6) 

• Wetted Width to Depth Ratio (WetWDRat_CV) 

• Thalweg to Centerline Length Ratio (Lgth_ThlwgCLRat) 

• Slow Water Percentage (SlowWater_Pct) 

• Big Tree Riparian Cover (RipCovBigTree) 

• Large Wood Frequency: Wetted (LWFreq_Wet) 

A disturbance metric (GIS product describing land use and land cover) was also included in best-

supported models explaining the density of Spring Chinook Salmon parr.  The accuracy of the habitat 

data supporting these metrics varies substantially.  Some of these metrics – temperature and 

discharge – are based on measures with minimal sampling error but substantial yearly variation, 

suggesting results may be driven by interannual climatic variation (i.e., non-geomorphic processes).  

Addressing this issue during modeling is critical, but until results and methods are published, it 

remains unclear how or if temporal variation was properly accounted for.  Important metrics 

representing the physical habitat itself were numerous, but many of the metrics included in best-

supported models were subject to considerable measurement noise (e.g., conductivity, fish cover, 

slow water percentage, substrate).  Thus, sampling variation may be limiting the effectiveness of the 
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downstream habitat capacity models.  Given the nature of the approach – a data dredging method – 

models that incorporate covariates with substantial sampling variation (e.g., conductivity, fish cover, 

D16, slow water, large wood, and riparian cover) should be subject to further validation before 

application in decision-making or prioritization.  False positives (correlations by chance alone) seem 

likely given the magnitude of sampling variation in many of the best-supported covariates.  

Alternatively, if these relationships reflect biological patterns, further efforts should be taken to collect 

better data that can yield more accurate predictions. 

That said, numerous CHaMP metrics – including some with minimal sampling variation (topographic 

metrics) – were related to the Chinook Salmon parr densities.  This appears to be an encouraging 

finding for the CHaMP program.  This method and other related approaches warrant further 

refinement in light of the sampling variation inherent in some metrics, but the tool is promising.   

QRF Redd Capacity Model 

As with parr capacity, Quantile Regression Forest (QRF) models are used to identify metrics related 

to the redd capacity for Spring Chinook Salmon.  Best-supported models include only a single 

CHaMP derived metric, the substrate estimate for coarse and fine gravel (SubEstGrvl) generated 

from the ocular substrate composition method.  Other metrics used in the best-supported models 

are eGIS-based or predictions from other models, including elevation, annual discharge predictions 

from Forest Service, disturbance (GIS data), and maximum 8 day average temperature (modeled).  

Thus, the only CHaMP derived metric for this model is limited by sampling variation (ocular 

substrate measures).  Given the importance of substrate for salmon spawning, and the potential 

need to describe spawning habitat status within and among Columbia River Basins, improved 

substrate methodologies are warranted. 

HSI: Habitat Suitability Models 

The CHaMP monitoring program also makes use of habitat suitability models (HSI) to identify 

suitable spawning sites and ultimately spawner carrying capacity within sampled stream/river 

reaches.  Although these models have been used in peer-reviewed research (McHugh et al., 2017), 

an evaluation of their performance (accuracy, bias, etc.) does not currently exist in the peer-

reviewed literature.  HSI models, like the NREI models, rely principally on stream topography and 

velocity.  As such, the CHaMP data products that are used to parameterize HSI models include: 

• Stream topography (DEM) for each reach 

• Substrate 

Thus, HSI models have similar limitations as the NREI models (in terms of the accuracy of data inputs).  

Again, we note that the stream topography data are likely acceptable for quantifying fish habitat 

relationships, but the substrate data likely add considerable noise to any model predictions. 

Life Cycle Model 

Life Cycle Models provide a powerful tool for quantifying the overall basin-level benefit of various 

restoration scenarios for Chinook Salmon and Steelhead recovery (improving population abundance).  

However, current versions of the model use little CHaMP data (McHugh et al., 2017).  This likely 
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reflects the challenges inherent in upscaling the reach-based GRTS design to watershed scales, the 

ultimate scale at which Life Cycle Models are focused.  Indeed, the primary habitat parameters in 

final models are simply GIS-derived measures of bankfull width and stream temperature (Figure 157).  It 

should also be noted that some restoration scenarios do indirectly use the topographic data generated 

from the DEMs.  Overall, however, the Life Cycle Model is insensitive to CHaMP habitat data. 

 
Figure 157.  Net rate energy intake and adult spawning capacity as a function of bankfull width (GIS-
derived) and stream temperature predictions (from McHugh et al., 2017). 

RECOMMENDATIONS 

If CHaMP is to continue, we provide recommendations for CHaMP’s study design components, in 

addition to outlining a watershed-based study design for future efforts.  The recommendations are 

founded in proven field-based techniques that have been successfully applied to a wide range of 

restoration and monitoring projects.  The focus of recommendations is to realign status and trend 

methods to provide useful tools that directly foster restoration and monitoring of ESA-listed 

salmonids and directly engage stakeholders in restoration planning.  

Recommendations for CHaMP’s Spatial & Temporal Designs 

Evaluation Matrix A identified significant spatial/temporal design changes in the John Day, Upper 

Grande Ronde, Lemhi, Entiat, and Methow river basins; therefore, trend data in these basins should 

be appropriately partitioned spatially (i.e., focus only on sites with replicated visits) or temporally 

(i.e., conditional on when the significant design changes occurred) during any watershed level 

upscaling exercise. 

Site Selection 

Because of the widespread human footprint (i.e., land uses, ownership, recreational uses, 

stakeholders, etc.) within watersheds of the Columbia River Basin, a more stringent classification 

of each watershed by stream type and condition should have been implemented in addition to the 

current stratifications by valley segment and ownership type.  This would have eliminated sites 
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selected for CHaMP monitoring that have multiple stream types and conditions, which greatly 

reduces the interpretive power of habitat quality based on reach-averaged metrics.   

For future sampling, we recommend an entirely different approach be taken for site selection 

based on a spatially-continuous, watershed-based sampling design rather than a random selection 

design.  Sites are selected following assessments at the watershed scale that identify watershed 

conditions to direct detailed, site level inventories.  This watershed-based design is a direct 

contrast to CHaMP’s spatial design that relies on a large amount of data to be collected at 

randomly-selected sites that is then upscaled to assess watershed conditions.  Details of this 

approach are provided in the “Recommendations for Watershed-Based Study Design” section. 

Survey Frequency 

We recommend that CHaMP sites be surveyed on a site-to-site basis based on the goals of the 

survey inventory and the nature of the site.  Monitoring plans must be created specifically for 

each site based on the likelihood of detecting change and the level of detail required for specified 

purposes as related to post-treatment effectiveness monitoring, biological and physical river 

assessments to direct restoration or management actions, validation of prediction methodologies, 

assessment of population dynamics, and/or status and trend goals. 

 

Recommendations for CHaMP’s Response Design  

Channel Segment & Side Channel Classification 

Significant changes of classifying small side channels (i.e., qualifying side channels with flows less 

than 16%) were made in 2014 resulting in small side channels being surveyed in 2014‒2016 (side 

channels with flows less than 16% were not surveyed in 2011‒2013).  Given the significance of the 

metrics affected (i.e., bankfull channel, wetted channel, and side channel metrics), we recommend 

determining which reaches included small side channels in 2014-2016 surveys and assessing 

survey data for these sites collected in 2011‒2013 for discrepancies in the data; the bankfull, 

wetted, and side channel metrics for these sites for survey years 2011‒2013 need to be considered 

for removal from the dataset.  

Channel Unit Classification 

In addition to classifying riffle (i.e., Fast Water Turbulent) and pool (i.e., Slow Water/Pool) units, 

it is essential to ensure that glide and run features (Figure 158) are appropriately classified within 

riffle-pool systems as they do not fit the descriptions of any Tier I channel units.  Glides and runs 

differ from riffles and pools regarding water surface gradients, bedform, bed materials, and flow 

characteristics.  
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In particular, salmonids have a long evolutionary background with alluvial river systems involving 

specific adaptive behavior associated with channel bedforms like pool tailouts (glides) where most of 

their reproduction occurs (e.g., Montgomery et al., 1999; Devries, 2008; Tonina and Buffington, 2009).  

Glides are particularly important and preferentially used by female fish as providing the best 

conditions for egg-to-fry survival.  

The physical properties of glides relate to their location and the hydraulic processes that create and 

maintain the feature.  In terms of both location and physical process, glides fall within a transitional 

zone between erosional (i.e., scour-formed) bedform features (pools) of the channel to depositional 

bed forms (riffles).  Located downstream of the pool and upstream of the riffle, glides are areas 

characterized by an adverse (upslope) channel bed feature (DeVries, 2008).  Indeed, of all the major 

channel bedforms (pools, glides, riffles, and runs) in gravel-bed rivers, glides represent the only 

bedform with an adverse slope.  The unique nature of this adverse slope is important because it not 

only influences substrate sorting processes, substrate size, water velocity, and depth (Kondolf and 

Wolman, 1993; Sear and DeVries, 2008), but this adverse slope also creates specific hydraulic 

conditions involving hyporheic “downwelling and upwelling secondary flow patterns” through the 

porous gravel, which is vital to the reproductive success of embryos and newly hatched fry. 

Within this specific hydraulic environment, the female fish forms the redd in a manner that further 

induces hyporheic inflow into the redd.  This is achieved through the excavation and formation of the 

redd, which increases porosity by removing fine sediment from the egg pocket while forming of the 

tail spill, which further helps force water through the redd.  This construction enhances the flow of 

dissolved oxygen into the egg pocket that would otherwise not exist.  During this hydraulic 

alteration, the female fish also removes much of the fine sediment from the gravel during the 

construction of the redd to further enhance embryo survival by removing fine sediment, which can 

cause asphyxiation of embryos or entomb the alevins (Young et al., 1991; Waters, 1995; Jensen et al., 

2009; Tonina and Buffington, 2009).  This cleansing activity can help mitigate for poor background 

habitat quality (e.g., elevated fine sediment) and can ultimately help to increase reproductive success. 

Though glides are used for spawning by many salmonids (e.g., Chinook Salmon, Steelhead, and Bull 

Trout), specific glide conditions (stream size, water depth, substrate size, and velocity) necessary for 

successful spawning tend to vary among species (e.g., Bjornn and Reiser, 1991; Hanahan, 2006; Quinn, 

2005).  Chinook Salmon for example require deeper water, large substrate, and swifter currents than 

Steelhead.  In more headwater streams, the same basic spawning site relationships apply to inland 

salmonids like bull trout and Westslope Cutthroat Trout.  In the case of the fall spawning Bull Trout, 

stable inflows and thermal properties of groundwater inflow further protect embryos through the 

winter incubation period because the inflows of relative warmer groundwater help to prevent the 

freezing of the redds (Baxter and Hauer, 2000; Cassie, 2006).  In the case of the spring spawning 

Westslope Cutthroat Trout, redds are generally constructed in small headwater streams using freshly 

deposited gravel immediately after runoff events (Schmetterling, 2000). 

Compared to the glide (located upstream of the riffle crest), the run (located downstream of the riffle) 

typically has the steepest declining slope of all bedforms on alluvial rivers.  Unlike the lower energy 

and depositional features of the glide, the run represents a high energy bed feature located 
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immediately upstream of the pool.  The location of the run relates primarily to an erosional process 

that helps form and maintain the pools.  Like glides, pools provide essential habitat conditions that 

vary by stream size, life stage, and species (e.g., Bjornn and Reiser, 1991; Montgomery et al., 1999; 

Allen, 2000; Baigu´n, 2003).  Pool holding and resting areas are critical areas during migration, 

summer rearing, and over wintering.  The run tends to represent the head end of this pool 

environment where it often provides feeding area (e.g., drift from riffle) and “cover” from predators 

in the form of water depth, surface agitation, and turbulence. 

 
Figure 158.  Plan and longitudinal profile views of the location, depths, and slopes of various bed features 
of a riffle-pool system (Rosgen C and E stream types) indicating the differences between run and glide bed 
features.  Illustration from Rosgen (2006, 2014).  

 

Topographic Survey 

Bankfull Channel Metrics 

Due to the significant amount of metrics that relate to the bankfull discharge or elevation, it is 

essential that bankfull is given a high priority in training and within the CHaMP protocol to ensure 

that the bankfull elevation is consistently identified and validated among crews.  The field-identified 

bankfull stage must be validated using regional hydrology curves developed by hydro-physiographic 

province.  Once the bankfull stage is determined, this bankfull elevation must be surveyed into 

permanent benchmarks for resurvey consistency.  It is imperative that resurveys use the same 

bankfull elevations as a control in their survey to identify true changes in channel morphology. 
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Wetted Channel Metrics 

We see little advantage of the wetted channel metrics for detecting habitat trends since the wetted 

channel is directly related to a varying discharge stage.  However, wetted channel metrics of channel 

morphology provide useful information related to low flow habitat quality (since surveying mainly 

during low flow conditions), such as relating pool volumes to low flow refugia.  The low flow 

discharge at time of survey should be expressed as a percentage of the bankfull discharge to further 

assess low flow conditions and habitat. 

General Recommendations for Topographic Surveys & Alternative Methods 

We rarely use reach-wide morphological metrics, and thus we recommend further analyses of the 

DEMs to generate standard variables stratified by stream type, condition, and bed feature.  

Longitudinal profiles and cross-sections for given bed features can be extracted from topographic 

survey data (see Appendix B as an example how we extracted survey data to analyze).  Typical 

dimension variables for a given bed feature (i.e., riffle, run, pool, glide, step) include bankfull cross-

sectional area, width, mean depth, maximum depth, and width/depth ratio representative of given 

bed feature; in addition to average water surface slope, additional profile variables include low flow 

facet slopes and maximum depths by bed feature and riffle length, pool length, and pool spacing (e.g., 

Figure 159, Rosgen, 1996, 2006, 2014).  These standard variables are used in many morphological, 

sedimentological, hydraulic, and biological analyses (Rosgen, 1996, 2006, 2014).  Standard variables 

are often normalized to develop ratios for departure analyses of impaired reaches from reference 

conditions, to extrapolate data to another reach of a different size but of the same fluvial landscape 

type, stream type, and condition, and to direct restoration designs using reference reach ratios.  

Generating standard variables using topographic survey data requires the following: 

1. Ensure topographic survey data and DEM are of sufficient quality for analysis by considering 

breakline quality and point densities, frequencies, and locations 

2. Ensure reach is of the same fluvial landscape type, stream type, and condition throughout its 

length using aerial and site photos; a site visit may be required to appropriately classify 

landscape type, stream type, and condition (and to verify bankfull and identify bed features) 

3. Verify bankfull elevations and check regional curves for reasonableness; questionable bankfull 

elevations must be checked in the field and revised as necessary followed by validation of the 

field-identified bankfull elevations using regional curves 

4. Plot a longitudinal profile and identify bed features  

5. Take multiple cross-section slices distributed throughout the reach and representative of a 

range of all bed feature types 

6. Evaluate the cross-sectional area of the riffle cross-sections and compare with the regional 

curve for cross-sectional area for the site’s drainage area 

7. Adjust bankfull elevations as necessary  

8. Produce dimension and profile variables and ratios (Figure 159) 

Even with further analyses, however, the DEM is not accurate enough to detect the level of 

geomorphic change at specific features necessary for trends and associated detailed analyses of 

geomorphic functioning across surveys.  Thus, we recommend future surveys supplement the 

topographic survey with a typical geomorphic survey containing permanent longitudinal profiles 



 
A Technical Review of CHaMP’s Protocol, Data Quality & Implementation 

197 

 

and cross-sections (multiple cross-sections per bed feature to obtain range of values); these 

techniques (and those below) have been documented and taught in the “River Assessment and 

Monitoring” short course since 1995 to measure, analyze, predict, and monitor river processes by 

using replicate studies for verification and time-trend analyses (Rosgen, 1996, 2006, 2014).  

Although we realize that the “stick and tape” approach (monumented cross-sections) is considered 

as antiquated by many, it does allow for repeat surveys to be replicated by taking numerous points 

along the cross-section at the same points to clearly outline the channel boundary and identify 

geomorphic changes in channel dimensions, including analyzing bed stability (aggradation or 

degradation), channel enlargement, and lateral accretion (Figure 160) at a higher accuracy than 

found when extracting cross-sections from CHaMP DEMs.  Likewise, a detailed longitudinal profile 

can be replicated point-by-point to accurately define bed features and analyze geomorphic changes 

in the channel profile, including changes in bed features, slope, and bed stability (Figure 161).  The 

permanent cross-sections are also located along the profile stationing and tied into permanent 

benchmarks to reinforce interpretations.   

Resurveys to analyze geomorphic change also require resurveys of channel materials that are 

spatially-controlled at permanent cross-sections locations.  Pebble counts of 100-count are 

completed at each location to determine shifts in bed-material size distribution over time.  

Resurveys of bar samples at the same location can indicate shifts in the size distribution of bedload 

as depicted in the plot overlay.  Bar sample data can be compared to measured grain size 

distribution from bedload measurements at bankfull discharge; the largest particle from the bar 

sample is also compared to data obtained from scour chains.  Channel pattern must also be 

analyzed to determine temporal and spatial scale changes in meander geometry (e.g., stream 

meander length, linear wavelength, radius of curvature, arc length, and belt width) and channel 

sinuosity, which can be done using survey data and time-trend aerial photo analysis. 

Additional monitoring methods include resurveys of bank profiles and scour chain installation and 

recovery.  Bank profiles can be surveyed annually to obtain annual streambank erosion rates and 

the contribution to the sediment supply.  Bank profiles are typically located within permanent 

cross-sections with a toe pin installed off-set from the bank and bank pins driven horizontally at 

various positions in the streambank.  Bank profile data is also useful to validate streambank erosion 

models.  Scour chains are installed in permanent glide and riffle cross-sections to indicate the depth 

of scour and particle sizes entrained on an annual basis for various stream types and bed-material 

gradations.  It is not uncommon for these bed features to scour and fill back to the initial elevations 

without changing particle size distribution.  These active bed features can be stable, and their 

function is better understood with scour chain data.  Scour chain data is also useful to validate 

particle entrainment models. 
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Figure 159.  Standard dimension and profile variables and ratios (Rosgen, 1996, 2006, 2014) generated for 
Canyon Creek (CBW05583-049615) using CHaMP’s 2015 topographic survey data and DEM. 

Date: Confined-Alluvial Stream Type:  C4

Riffle Dimensions Mean Min Max Riffle Dimensions & Dimensionless Ratios Mean Min Max

Riffle Width (Wbkf ) 15.93 15.19 16.7 ft Riffle Cross-Sectional Area (Abkf ) (ft
2) 18.5 17.3 19.6

Mean Riffle Depth (dbkf ) 1.16 1.14 1.18 ft Riffle Width/Depth Ratio (Wbkf  / dbkf ) 13.7 13.3 14.1

Maximum Riffle Depth (dmax) 1.86 1.74 1.97 ft Max Riffle Depth to Mean Riffle Depth (dmax / dbkf ) 1.6 1.5 1.7

Width of Flood-Prone Area (W f pa) 31.24 30.25 32.2 ft

Pool Dimensions Mean Min Max Pool Dimensions & Dimensionless Ratios Mean Min Max

Pool Width (Wbkf p) 15.25 15.25 15.3 ft Pool Width to Riffle Width (Wbkf p / Wbkf ) 0.96 0.96 0.96

Mean Pool Depth (dbkf p) 1.3 1.3 1.3 ft Mean Pool Depth to Mean Riffle Depth (dbkf p / dbkf ) 1.12 1.12 1.12

Pool Cross-Sectional Area (Abkf p) 19.78 19.78 19.8 ft Pool Area to Riffle Area (Abkf p / Abkf ) 1.07 1.07 1.07

Maximum Pool Depth (dmaxp) 2.18 2.18 2.18 ft Max Pool Depth to Mean Riffle Depth (dmaxp / dbkf ) 1.88 1.88 1.88

36.3 36.0 36.5 %

Run Dimensions Mean Min Max Run Dimensionless Ratios Mean Min Max

Run Width (Wbkf r) 15.13 15.13 15.1 ft Run Width to Riffle Width (Wbkf r / Wbkf ) 0.95 0.95 0.95

Mean Run Depth (dbkf r) 1.47 1.47 1.47 ft Mean Run Depth to Mean Riffle Depth (dbkf r / dbkf ) 1.27 1.27 1.27

Run Cross-Sectional Area (Abkf r) 22.26 22.26 22.3 ft Run Area to Riffle Area (Abkf r / Abkf ) 1.21 1.21 1.21

Maximum Run Depth (dmaxr) 2.73 2.73 2.73 ft Max Run Depth to Mean Riffle Depth (dmaxr / dbkf ) 2.35 2.35 2.35

Run Width/Depth Ratio (Wbkf r / dbkf r) 10.29 10.29 10.3 ft

Glide Dimensions Mean Min Max Glide Dimensions & Dimensionless Ratios Mean Min Max

Glide Width (Wbkf g) 16.49 16.49 16.5 ft Glide Width to Riffle Width (Wbkf g / Wbkf ) 1.04 1.04 1.04

Mean Glide Depth (dbkf g) 1.19 1.19 1.19 ft Mean Glide Depth to Mean Riffle Depth (dbkf g / dbkf ) 1.03 1.03 1.03

Glide Cross-Sectional Area (Abkf g) 19.71 19.71 19.7 ft Glide Area to Riffle Area (Abkf g / Abkf ) 1.07 1.07 1.07

Maximum Glide Depth (dmaxg) 2.03 2.03 2.03 ft Max Glide Depth to Mean Riffle Depth (dmaxg / dbkf ) 1.75 1.75 1.75

Glide Width/Depth Ratio (Wbkf g / dbkf g) 13.86 13.86 13.9 ft/ft

Facet Length Mean Min Max Dimensionless Geometry Ratios Mean Min Max

Riffle Length (Lr) 51.87 35.33 73.51 ft 3.26 2.22 4.61

Individual Pool Length (Lp) 34.88 25.78 47.1 ft 2.19 1.62 2.96

84.89 61.1 96.11 ft 5.33 3.84 6.03

Facet Slopes Mean Min Max Dimensionless Facet Slope Ratios Mean Min Max

Riffle Slope (Srif ) 0.013 0.009 0.029 ft/ft Riffle Slope to Average Water Surface Slope (S rif  / S) 1.23 0.80 2.64

Run Slope (Srun) 0.021 0.006 0.037 ft/ft Run Slope to Average Water Surface Slope (S run / S) 1.97 0.55 3.46

Pool Slope (Sp) 0.005 0.001 0.010 ft/ft Pool Slope to Average Water Surface Slope (Sp / S) 0.49 0.13 0.89

Glide Slope (Sg) 0.007 0.004 0.011 ft/ft Glide Slope to Average Water Surface Slope (Sg / S) 0.63 0.33 0.98

Max Depths
a Mean Min Max Dimensionless Depth Ratios Mean Min Max

Max Riffle Depth (dmaxrif ) 2.01 1.79 2.24 ft 1.73 1.54 1.93

Max Run Depth (dmaxrun) 2.3 2 2.72 ft 1.98 1.72 2.34

Max Pool Depth (dmaxp) 3.14 2.79 3.59 ft 2.71 2.41 3.09

Max Glide Depth (dmaxg) 1.71 1.52 1.92 ft 1.47 1.31 1.66

8/10/2015 Valley Type:

Pool to Pool Spacing to Riffle Width (Ps / Wbkf )

Point Bar Slope (Spb)

Stream: Canyon Creek (Lemhi Watershed) Location: CBW05883-049615

Observers: Laurel Crew

Max Riffle Depth to Mean Riffle Depth (dmaxrif  / dbkf )

Max Run Depth to Mean Riffle Depth (dmaxrun / dbkf )

Max Pool Depth to Mean Riffle Depth (dmaxp / dbkf )

Max Glide Depth to Mean Riffle Depth (dmaxg / dbkf )

Riffle Length to Riffle Width (Lr / Wbkf )

Individual Pool Length to Riffle Width (Lp / Wbkf )

Pool to Pool Spacing (Ps)

River Reach Dimension Summary Data…..1
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Figure 160.  Overlay of 2017 vs. 2016 riffle cross-section data on the Teton River, Idaho, indicating overall 
deposition of 0.32 ft2 with toe pin (TP) and scour chain (SC) locations noted (graphs from RIVERMorph™). 

 
Figure 161.  Overlay of 2017 vs. 2016 longitudinal profile on the Teton River, Idaho, indicating significant shifts 
in some bed features and the location of the riffle cross-section in Figure 160 (graphs from RIVERMorph™). 
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Channel Unit Level Attributes  

Fish Cover  

We recommend using fish cover metric values with caution when quantifying fish habitat status and 

trends as the metric values include large amounts of measurement error.  Assessments of fish cover 

should be put into a context of naturally-functioning reference conditions, stream types, and land use.  

This would allow for more meaningful comparisons of high quality fish cover (reference conditions) 

with areas impacted by land use or other human or natural conditions that reduce or simplify fish 

cover.  In addition to these fundamentals, recombining original metrics (large instream wood, 

boulders, and undercut banks) and some measure of pool habitat into the definition of fish cover 

would improve the utility of the metrics.  The inclusion of these metrics would return fish cover to a 

more standard, understandable, and relevant dataset that actually relates to and defines fish cover. 

Large Woody Debris (LWD) 

Salmonid relationships with instream wood vary greatly among forested streams and shrub-

dominated streams and involve basic relationships with land use and wood-formed habitat 

complexity.  Therefore, inventories of instream wood should include a classification of the riparian 

area by potential community/habitat type to expand ecological interpretations (e.g., Overton et al., 

1997).  From both a short-term (e.g., active) and long-term (e.g., passive) restoration perspective, it is 

important to understand the departure of the existing LWD condition from potential condition.  For 

example, large wood is typically absent within lacustrine landscapes associated with Rosgen E4‒E6 

and DA4‒DA6 stream types; fish cover is provided by overhanging riparian vegetation and undercut 

banks.  Where instream wood is present, putting it into a context of plant succession or seral stage 

and the existing and potential of the forest community would help gage the presence, volume, or 

recruitment of large wood into the channel.  The size of wood (length and diameter) could be put into 

a context of stream type, bankfull width, forest type, and land use to assess the habitat condition. 

In addition to large instream wood, the vital role of fine instream wood associated with non-forested 

shrub communities should also be considered in habitat surveys.  Relationships of fine instream wood 

vary from large instream wood and extend to beaver-influenced systems found throughout the 

Columbia Basin.  We also found no mention in the methods of how to specifically account for wood 

or debris dams associated with beaver activity, which perhaps should be addressed.  Despite various 

shortcomings, the methods associated with LWD suggest a robust dataset comprised of LWD 

diameters and lengths that has value for applications that do not require the highest level of accuracy. 

Undercut Banks 

Surveys based on wetted area represent a moving target in terms of undercut banks both laterally and 

vertically depending on the stage of the stream.  If percent area of undercut banks were put into the 

context of the bankfull area rather than wetted area, the variance around estimates of percent cover 

would be reduced (assuming quality assurance/control of bankfull identification).  We also 

recommend that data prior to the 2014 surveys be analyzed further and potentially eliminated from 

trend estimates due to the significant field method changes that were made previously. 
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Additionally, undercut bank inventories should be included within instream cover assessments.  

Undercut bank interpretations would also be improved if considered within the context of natural 

stream functioning (e.g., reference versus impairment), and thereby would provide a basis for 

restoration, including the effects of land use on undercut banks.  Also, the qualification of one meter 

limit above water surface should be eliminated as many undercut banks occur on meander bends 

where the terrace bank is often higher than the one meter limit.  Thus, this limit would underestimate 

the amount of undercut streambanks available for salmonids. 

Ocular Substrate Composition 

For status and trend analyses, accurate data can be produced from standard Wolman pebble counts 

using a ruler and conducted at the exact locations throughout all surveys.  Subjective estimates must 

be avoided in favor of measured particle counts.  Also, the counts should be conducted within the 

bankfull channel limits rather than the wetted channel area, which varies based on discharge and time 

of survey.  The current metrics should only be used for general applications that do not require high 

measurement accuracy or that do not pertain to specific channel units or bed features. 

Pool Tail Fines 

Like other ocular estimates of substrate, the pool tail fines method is subjective; however, these 

methods are common to broad-scale habitat assessments (Overton et al., 1997; Heitke et al., 2008).  

Although particle sizes less than 2 mm and less than 6 mm are appropriate to assessments of fine 

sediment in spawning areas, the ocular grid method is not preferred largely because of error 

associated with ocular estimates.  The use of pool tail fine metrics for quantifying status and 

trends and other applications that require a high level of accuracy is not recommended. 

To improve data quality, 100-count Wolman pebble counts can be used to measure particle sizes 

for substrates in spawning areas (glide or riffle habitat).  However, due to the development of a 

pavement (coarse) and sub-pavement (finer) in streambeds comprised of heterogeneous materials, 

pebble counts routinely generate coarser particles size distributions by underestimating the fine 

sediments that occur within the sub-pavement zone and that are generally exposed during redd 

construction.   

Thus, a common and more accepted method to answer specific questions related to substrates and 

spawning site quality is obtained through McNeil core samples; these samples can be taken in known 

spawning areas, adjacent to redds, or in riffle crests (to improve the repeatability of methods as a 

sediment monitoring tool) to better examine restoration-related questions, including anthropogenic 

sediment and egg-to-fry survival (McNeil and Ahnell, 1964; Lotspeich and Everest, 1981; Waters, 

1995; Jensen et al., 2009).  Though the McNeil core samples have many advantages, a limitation is the 

heavy weight of the sampler and the samples, which typically requires access to the study site via 

vehicle, ATV, or pack animal; alternatively, samples can potentially be wet sieved on site if wet/dry 

weight conversions by size class are established.  Ultimately, the choice of technique will depend on 

the specific habitat survey objective and the need for accuracy. 
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Particle Size Distribution  

Particle size distributions determined from the Wolman pebble count procedure (100 count) should 

be sampled from a specified bed feature location (rather than averaging multiple locations) so that 

future surveys can be replicated at the exact location (increase repeatability to accurately detect 

trends).  Rulers should be used rather than gravelometers to accommodate linear-shaped particle 

sizes where the average of the a-, b-, and c-axis is recorded. 

For habitat monitoring, restoration, and management purposes, multiple pebble count surveys are 

typically conducted at permanently-monumented cross-sections (multiple cross-sections for each bed 

feature) to correspond with precise estimates of geomorphic change (e.g., if cross-section width/depth 

ratio increased between year 1 and year 2 surveys, did the particle size distribution also shift to finer 

size classes?).  Metrics are reported by bed feature (e.g., riffle, pool, run, and glide) to increase the 

utility and applicability of the metrics; for example, particle size distributions in glides and riffles are 

important when assessing spawning and invertebrate habitat quality.  Standard methods also 

evaluate substrate composition for the bankfull channel rather than limited to the wetted channel to 

minimize variance associated with frequent changes in discharge at the time of survey. 

Cobble Embeddedness 

We see no advantage in using the cobble embeddedness metrics to relate to spawning habitat due to 

the inability to accurately quantify status and trends; other methods and metrics such Wolman pebble 

counts at permanent sites and McNeil core samples correlate much stronger to spawning habitat and 

fisheries responses.  Embeddedness could be visually estimated and categorically ranked (e.g., high, 

moderate, low) in field notes or documented in photographs. 

Site Level Attributes  

Solar Input 

Though solar input methods have been in use for decades (Platts et al., 1987), without an emphasis on 

riparian condition (e.g., anthropogenic effects on canopy cover) there seems to be no practical utility 

in the solar data to inform restoration or management actions.  However, the solar data likely has 

utility for research and modeling applications associated with primary productivity and potentially 

stream temperature.   However, solar data from 2011 should not be used in interannual comparisons 

with data collected in 2012‒2016 due to the increase in data readings in 2012. 

Riparian Structure 

Although the current dataset isn’t sufficient for trend analyses, future riparian structure inventories 

can be designed to increase metric accuracy if warranted, such as using transect methods that 

measure basal area by species.  However, general assessments of the riparian structure are adequate 

in habitat quality assessments if considered within the context of existing and potential vegetation 

with corresponding assessments of species composition of the overstory, understory, and ground 

cover layers.  Also, smaller woody material should be better described and incorporated within 

CHaMP.  The riparian conditions should also be assessed in terms of land use impacts (i.e., roads, 
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farming, grazing practices, vegetation conversions, timber harvest, fires, floods, and direct 

disturbance).  Ultimately, such information could supplement other critical habitat information to 

direct management strategies and restoration related to habitat quality and river function. 

Water Temperature 

The water temperature dataset has great utility and thus we recommend sharing the dataset and CHaMP 

temperature model through an easily-accessible platform with local watershed groups and others. 

Stream Discharge 

Streamflow measurements should be significantly expanded for problem-solving needs associated 

with water withdrawal, dewatering, and minimum instream flow requirements for streams (e.g., 

wetted perimeter methods, Annear et al., 2004).  Stage and discharge should be continuously 

monitored using pressure transducers and data loggers for sites where instream flow depletions exist, 

and thus where stream discharge may be a critical habitat limiting factor.  Indeed, streamflow is one 

of the most consistent drivers of salmonid population dynamics, even more so than temperature 

(Kovach et al., 2016).  In this way, the impacts of streamflow depletions can be assessed to determine 

whether there are sufficient flows during baseflow periods to provide natural biological function. 

Water Chemistry: Conductivity & Alkalinity 

We recommend evaluating specific land uses such as mining that may require additional water 

quality parameter sampling including toxic metals.  Water quality measures should be expanded 

from alkalinity and conductivity based on land use impacts to include N, P, DO, pH, and pesticides to 

help identify pollutants and impairments to inform mitigation actions and restoration planning.  

Regardless, the water quality parameters should reflect the source of the potential pollutants. 

Macroinvertebrate Sampling 

From a water quality and restoration perspective, it would be better to collect and analyze benthic 

invertebrates from the substrate using more standard samples (e.g., kick net or surber samplers with 

replicates) in a repeatable manner to assess aquatic invertebrate production and food habits.  This 

would also accommodate other restoration-related information needs (e.g., reference versus degraded 

stream conditions, water quality impairments such as sediment and organic enrichment, land uses, 

and riparian habitat) associated with various biotic indices (e.g., Hilsenhoff, 1987; Cairns and Pratt, 

1993; Barbour et al., 1999; Relyea et al., 2012).  The use and interpretation of such indices could be 

tailored to specific restoration questions. 

Data Management Processes 

Throughout the CHaMP documentation, references to the web address CHaMPMonitoring.org are 

abbreviated to cm.org.  This is problematic as cm.org is a valid web address that sends the user to an 

outdated website for Cancelmoose, which is a legacy spam filter application.  Thus, 

CHaMPMonitoring.org should be used rather than cm.org to alleviate confusion.  Additional 

recommendations are provided as they pertain to the pre-season, field-season, and post-season data 

management activities. 
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Pre-Season Data Management 

We recommend that all sampling frames be uploaded and made accessible within the CHaMP 

program dataset accessed from CHaMPMonitoring.org rather than requiring navigation to an 

external website.  Although MonitoringResources.org and CHaMPmonitoring.org can be considered 

similar web sites, the data for the CHaMP programs should be transferred to the CHaMP database 

to be maintained as part of the complete CHaMP archive.  Sample designs that are draft or unused 

should be removed or hidden from public view to reduce confusion on the sample designs applied 

to CHaMP programs. 

Also, additional automatic data documentation should be performed or metadata should be used to 

describe the temporal progression of the sampling designs over the sampling years.  There should 

be one sampling design for each of the CHaMP watersheds with modifications listed within the 

sampling design rather than a new sampling design created for each sampling year, resulting in 91 

sampling designs for 17 watersheds over 7 years. 

Field-Season Data Management 

We recommend including an interface to collect auxiliary site visit information on the iPad for Ad-

Hoc visits that may have data, especially Temperature Logger maintenance, which is often completed 

multiple times per year.  Parameters specific to the program for QA/QC should also be included as an 

option for the visit.  The data collected on the iPad should also include automated time stamps for the 

time the data was entered and also when field crews finalize the data input and assembles the date to 

upload to CHaMPmonitoring.org.  Data tracking protocols could also be implemented so data is 

never deleted but rather is flagged, and the final “published” values should be stored and locked. 

Additionally, the team recommends uploading data files from the data loggers within three days of 

download to reduce risk of lost data.  Additional database structure should also be added for tracking 

sensor and calibration data, including verification of calibration against a standard reference. 

Photographs 

Photographs should be stored in a format that allows the photos to carry metadata including 

data/time, and GPS position if available.  If the photos were to be disconnected from the visit, it 

may then be possible to reconnect the datasets and rectify the information.  This is also beneficial 

in providing a level of QA/QC. 

Post-Season Data Management 

Processing of Topography Data 

We recommend developing a connection between CHaMPmonitoring.org and the Topo Data 

Processing Tools so field crews do not have to transfer the ‘Benchmark.csv’ and ‘ChannelUnit.csv’ 

files from the iPad to the laptop.  Although file paths are set up to reduce the potential for mixing 

up files, the file names themselves are not unique.  Since this data is already being uploaded to the 

website, the connectivity could be developed to reduce a processing step for the field crew.  This 

http://www.champmonitoring.org/
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will also reduce issues with the iPad remaining connected to the wireless drive, which was 

indicated as an issue in the 2017 GeoOptix user’s manual. 

Additionally, the Topo Data Processing toolbar generates significant quantities of metadata that 

would be more useful if they were not buried deep within the file structure.  Data preservation 

would be improved by incorporating this dataset into CHaMPmonitoring.org.  Also, additional 

data should also be automatically documented associated with the bankfull elevation recorded at 

the top and bottom of the site.   

Last, documentation can also be improved regarding the dataset and metric generation.  The date for 

the status of a visit should be added and this value should be updated when the status is changed.  

When the status is changed to ‘approved,’ the values that are included in the approval process 

should be flagged with a locked parameter with the corresponding date the values were locked.  The 

interface should be designed such that once a parameter is locked, it cannot be updated. 

Data Broker (Sitka GeoOptix) 

We recommend that data aging be implemented within the database.  Individual measurements 

(data inputs) should be locked once completed and put into an intermediate step; once a site has 

the measurement values published, automated processing should occur to check whether values 

are available for each of the metric input parameters and logged as a flag.  This would allow the 

modeling process to run on only those visits where appropriate and could reduce problem sites 

and provide documentation for parameters related to a specific visit. 

Additionally, tags for visits have been added as the program has changed, but the dataset appears 

to have inconsistent use of some of the flags leading to the data being more difficult to process or 

filter.  Where appropriate, tags that were introduced later within the program should be filled for 

historic visits including the ‘QC Visit’ and ‘Primary’, which are useful in performing replicate 

analysis on the datasets. 

Metric Generation & Final Products 

The CHaMP program necessitates the use of a data lifecycle model, such as that prepared by the 

U.S. Geological Survey (USGS) (Figure 162).  In regard to CHaMP’s data management process, 

using the work/check/review process (Faundeen et al., 2013) will result in a higher quality product.  

Data processing to generate metrics should be performed by the field crews on a site-by-site basis to 

allow more evaluation of the generated metrics on a visit level.  The data should then be checked for 

accuracy and completeness by an experienced crew member and then reviewed by senior staff and 

crew to complete the work/check/review process.  
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Figure 162.  USGS Science Data Lifecycle Model (extracted from Faundeen et al., 2013, p. 2). 

 

Recommendations for CHaMP’s Inference Design 

CHaMP’s inference design calls for nine years of sampling to quantify temporal trends in habitat 

conditions.  Currently, seven years of data have been collected (six years reported).  Prior to collecting 

the final two years of data, we recommend analyzing existing trend data for all annual sampling sites 

in addition to rotating panel sites with three years of measurements to determine if statistically 

significant trends exist.  However, trend should only be estimated for that subset of metrics with 

minimal sampling variation.  Further data processing to more stringently stratify CHaMP data to 

minimize variance should also be investigated to determine if such stratifications can improve trend 

estimates.  Following these evaluations, more appropriate recommendations can be made regarding 

continued sampling using the CHaMP protocol.  However, as an alternative to the CHaMP protocol, 

we recommend future efforts use the following watershed-based study design with an appropriate 

inference design to better meet all RPA action items. 
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Recommended Watershed-Based Study Design 

Recovery of migratory salmonids requires a spatial and temporal hierarchical view of habitat quality 

evaluations (based on large to small scales) to understand impairments related to the limiting factors, 

and to incorporate critical habitat components into a watershed-based plan (Frissell et al., 1986; 

Schlosser and Angermeier, 1995; Imhof et al., 1996; Fausch et al., 2002).  While it is essential to evaluate 

habitat availability and diversity at the reach scale and at specific bed features (i.e., riffles, pools, runs, 

and glides), the broader context of the watershed is critical due to the complex interplay between 

various processes occurring at multiple scales (Menge and Olson, 1990; Levin, 1992; Imhof et al., 1996; 

Fausch et al., 2002).  For example, small-scale restoration often needs to address large-scale 

disturbances (e.g., roads and deforestation) to lower instream water temperatures, improve water 

quality, and reduce sediment loads (Bohn and Kershner, 2002; Lake et al., 2007).  

An alternative watershed-based study design is thus recommended as a framework to help direct the 

recovery of the Chinook Salmon and Steelhead within the Columbia River Basin and to monitor the 

effectiveness of restoration and management actions.  This approach fundamentally differs from the 

existing CHaMP study design that uses detailed inventories at the reach level that are then upscaled to 

assess watershed conditions.  In contrast, the watershed-based approach initially assesses both biotic 

and watershed conditions to identify human-induced limiting factors and develop a master restoration 

plan that identifies locations to conduct detailed inventories to direct restoration and management 

treatments in high priority areas.  We recommend first identifying “high priority” watersheds within 

the Columbia River Basin followed by implementation of the watershed-based approach within these 

high priority watersheds.  The watershed-based approach consists of seven phases (Figure 163): 

1. Identify Goals & Involve Stakeholders in Planning 

2. Assess Biological Conditions at Watershed Scale 

3. Assess Geomorphic Conditions at Watershed Scale 

4. Assess Stream System Functioning & Limiting Factors of Habitat at Site Level 

5. Develop a Master Plan for Watershed Restoration 

6. Implement Restoration & Management Treatments 

7. Monitor Effectiveness of Treatments   

The watershed approach adapts all site-level surveys based on the results of the watershed assessments.  

For example, water quality measurements are not conducted at every site surveyed within the 

watershed, but rather only at locations where water quality impairments are identified during the 

watershed assessments.  Additionally, monitoring is only conducted on sites where restoration or 

management actions are prescribed, and the monitoring plan is specifically designed by project based 

on the identified limiting factors.  A watershed approach can also readily accommodate statistically 

rigorous sampling necessary for quantifying fish-habitat relationships as warranted. 

The following sections discuss the components of the seven phases (Rosgen, 2018, in development).  

This approach has been successfully implemented and is used in training courses provided to 

resource professions with the fundamental methods documented in numerous publications.  

Appendix C includes a case example of the Blackfoot River restoration endeavor that has proven to 

recover trout populations within the basin as documented over a 30-year monitoring period following 

a similar approach (Pierce and Podner, 2018).    
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Figure 163.  The framework and seven phases of the watershed-based approach for assessment and 
restoration of river systems and salmonid habitat/population recovery. 
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1. Identify Goals & Involve Stakeholders in Planning 

It is essential that project goals are clearly associated with the overall desired outcome of the project 

and the needs, values, and perceptions of the project sponsors.  Based on the 2008 BiOp and RPA 56 

and 57, the overarching goals of CHaMP would be a program that 1) monitors and evaluates 

tributary habitat conditions and limiting factors to Chinook Salmon and Steelhead (i.e., 56), and 2) 

evaluates the effectiveness of tributary habitat actions (i.e., RPA 57).  CHaMP does not directly 

address these goals as the program does not link habitat conditions to the limiting factors as existing, 

impaired conditions are not compared to the potential functioning conditions in terms of both 

biological and geomorphic functioning.  Limiting factors are also not related to the causes of 

impairment including land uses and associated consequences, thereby making it impossible to direct 

restoration and management actions.  Evaluating the effectiveness of tributary habitat actions is also 

limited in CHaMP, as most sampling sites are randomly selected rather than specific to where 

restoration and/or management actions occur (note that some restoration sites were later added to 

the “core” sampling network).  Although CHaMP is intended to quantify habitat status and trends, 

the data collection methods are not accurate enough to detect true condition changes, especially 

when data from sites are ‘upscaled’ to the watershed level; these ‘upscaled’ values have no use or 

application for interpreting habitat conditions or limiting factors.  Further, upscaled values are also 

poorly suited to modeling applications, and ultimately are not being used in CHaMP models 

focused on watershed scale analyses (e.g., McHugh et al., 2017). 

Without clear direction on applied problem solving, it appears CHaMP did not involve many 

stakeholders with restoration information, which is critical to successfully implement any watershed-

scale restoration/recovery project.  Landowners (e.g., ranchers and irrigators) must be included in the 

planning stages to envision the project goals and to understand the effects certain land uses have on 

salmonid populations and the importance of longitudinal biological sampling and the condition of 

those stream resources on their properties; the same principles apply to salmonid habitat on State, 

Federal, and Tribal lands.  Overall, the data collection, data management (i.e., access to data), and the 

reporting mechanisms of CHaMP are generally inadequate to address the humanistic elements 

involved in watershed-scale projects.  

The remaining phases discuss how the watershed-based approach meets the RPA requirements or 

intended goals of CHaMP to ultimately help recover Chinook Salmon and Steelhead populations and 

how any basin-wide project needs to incorporate stakeholder involvement throughout the process. 

2. Assess Biological Conditions at Watershed Scale 

This phase in the watershed-based approach consists of conducting baseline fish population 

inventories and assessing life history tactics of target fish populations.  The results of the assessment 

are used to help direct the next phase associated with evaluating the geomorphic conditions and 

associated land use impacts so that limiting factors can be better identified and addressed. 

Fish Population Inventories 

Fish population surveys are conducted at long-term monitoring sites within the mainstem river and 

then established longitudinally throughout the tributaries systems (Figure 164).  Using standard (e.g., 

electrofishing) techniques appropriate to multi-scale assessments, these surveys identify species 
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distribution, abundance, species composition, age/size structure (including age 0), and genetic 

attributes of tributary populations.  Tributary surveys sites are opportunistically established in 

headwater reference reaches and across multiple sampling sites in a downvalley-longitudinal manner.  

Fish population survey sites are selected for stream reaches defined by changes in valley and channel 

morphology and changes in land use.  As such, electrofishing surveys are often conducted up and 

downstream of problem areas (e.g., degradation, diversions), which allows the use of fish population 

data to infer problems.  During the longitudinal surveys, habitat impairments and restoration 

opportunities related to various land uses should be noted (e.g., with GPS and photographs) where 

habitat conditions vary across ownerships (e.g., overgrazing, altered channels, unscreened ditches, 

dewatering).  Also, involving landowners in electrofishing surveys is an excellent opportunity to build 

relationships and educate them about the survey and the needs of the fish, which helps to set the stage 

for basin-wide efforts to recover salmonid species (e.g., Figure 165).  The fish population results 

should be summarized and reported to stakeholders, including land management agencies and 

property owners (water right holders, ranchers, and other land managers), and the results should 

begin to hierarchically relate fish population in tributaries to mainstem river populations. 

Chinook Salmon and Steelhead are monitored by numerous agencies throughout the Columbia River 

Basin and data collections are extensive.  As such, in many cases this framework already exists and 

can be readily incorporated into subsequent aspects of a habitat-monitoring program.   

 
Figure 164.  Fish population surveys (yellow diamonds) conducted on 230 tributaries to the Blackfoot 
River, Montana, between 1989‒2014 (provided by R. Pierce). 
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Figure 165.  Example of the critical element of working with stakeholders while 
conducting fish population surveys, Blackfoot River basin, Montana. 

 

Life History Tactics for Adult Migratory Fish 

Movement of salmonids by life stages is highly variable in time and space and is important in 

driving population dynamics in many river systems (Gowan and Fausch, 1996; Fausch et al., 2002; 

Quinn, 2005).  As part of the biological watershed assessment, life history tactics for migratory fish 

should be assessed using ratio telemetry, traps or pit tags, or other methods (e.g., environmental 

DNA, otolith microchemistry, or genetic assignment).  Spawner movements are identified, 

including the timing of spawning migrations, seasonal habitat, spawning behavior, migration 

corridors, and summering and wintering areas (e.g., Figure 166).  Juvenile out-movement (e.g., 

recruitment) studies (e.g., screw traps) may also be required.  Results of the assessment are used to 

identify juvenile life histories and important spawning tributaries and spawning areas, which help 

to identify restoration/recovery opportunities.   

Furthermore, impairments must be identified that disrupt spawner movements and upstream-

downstream interactions (i.e., longitudinal connectivity).  Fish barriers, for example, impede fish 

movements required for salmonids to complete their life histories such as for spawning and 

rearing (Northcote, 1997; Schlosser and Angermeier, 1995; Brown et al., 2011).  Impacts to 

upstream-downstream movement are often caused by: 

• Physical barriers including dams, diversions, and culverts 

• Water diversions that entrain fish and directly remove fish from a population 

• Reduced flows or dewatering that render reaches as impassable or the habitat unsuitable 

• Water quality impairments such as elevated water temperatures or point-source pollutant 

• High velocity channel conditions created by channel instability or incision 
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The results of the spawner movement and related assessments and the identified impairments that 

impede upstream-downstream movements must be summarized and reported to stakeholders in an 

informal educational format so that landowners and other local stakeholders can “buy into” possible 

solutions to identified problems. 

Again, such efforts are extensive throughout the Columbia River Basin. Thus, habitat monitoring can 

and should be more directly focused on key habitats relevant to each species.  Similarly, the extensive 

research on life history of Chinook Salmon and Steelhead in the Columbia can be readily adapted into 

downstream efforts focused on habitat prioritization for restoration. 

 

 
Figure 166.  Example bull trout distribution and migration corridors to spawning areas within the 
Blackfoot River basin, Montana (provided by R. Pierce).  The oval shapes show where adult bull trout 
were captured and inserted with radio tags. The arrows show where those fish spawned. 
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3. Assess Geomorphic Conditions at the Watershed Scale 

Aquatic assessments should be stratified by stream type to organize and interpret the natural 

variability of physical, chemical, and ecological attributes that are important for managing 

river fisheries (Rosgen, 1994, 1996; Omernik, 1995; Barbour et al., 1999; Arthington et al., 2006).  

Aquatic assessments must also integrate channel stability as a foundational element to better 

understand anthropogenic influences (Asmus et al., 2009).  Thus, the watershed-based 

restoration approach incorporates a geomorphic assessment at the watershed scale that 

includes classifying fluvial landscape types and Rosgen stream types and evaluating reach 

conditions for all tributaries and the mainstem river.  Land uses and historical events that 

impact the geomorphic and biological state must be identified, such as those that adversely 

affect specific water quality parameters and streamflow conditions and thereby directly affect 

fish populations. 

Fluvial Landscape Types 

Classifying valleys by fluvial landscape types described in Rosgen (2014) is a more descriptive 

classification than the broad valley segment classified in CHaMP as source, transport, or 

response.  Fluvial landscape types (Rosgen, 2014) are classified to provide an initial indication 

of river morphology and interrelated processes.  Fluvial landscapes can be stratified into 

observable and measurable features that reflect their unique geomorphic history.  The 

hierarchical delineation framework (Figure 167) is based on 1) Confinement (valley width to 

channel width relationships), 2) Origin of boundary materials, 3) gradient and shape of the 

landscape, and 4) associated stream types.  Fluvial landscape delineation helps explain the 

variance among the same stream types located in different landscape types due to the 

controlling variables of the valley (i.e., streamflow, sediment regime, valley materials, riparian 

vegetation, instream wood, and valley confinement, slope, and width); an example of this is 

provided in Table 27. 
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Table 27.  The differences among the morphological characteristics for stable C4 stream types in a confined 
glacial tough valley, an unconfined terraced alluvial valley, and an unconfined lacustrine valley (data from 
Annable (1995), Hansen et al. (2009), and Wildland Hydrology (unpublished)). 

 

 

Confined Glacial Trough Valley (C-GL-GT) – Morphology of Stable C4 Stream Types 

Stream Name & Location 
Width/ 
Depth 
Ratio 

Stream 
Sinuosity 

Stream 
Slope 

Stream 
Meander 
Length/ 

Bankfull Width 

Radius of 
Curvature/ 

Bankfull Width 

Clearwater River, Alberta, 
Canada 

35.0 1.30 0.0050 21.0 4.3 

Ohio Creek, Colorado  40.0 1.20 0.0086 14.5 4.8 

East Fork Piedra River, Colorado 32.0 1.15 0.0120 18.0 5.0 

N. Fork St. Vrain, Colorado   22.0 1.20 0.0175 17.0 4.2 

Lake Fork Gunnison River, 
Colorado 

26.0 1.30 0.0120 
14.0 4.5 

AVERAGE VALUES 31.0 1.23 0.0110 16.9 4.6 

Unconfined Terraced Alluvial Valley (U-AL-AD) – Morphology of Stable C4 Stream Types 

Stream Name & Location 
Width/ 
Depth 
Ratio 

Stream 
Sinuosity 

Stream 
Slope 

Stream 
Meander 
Length/ 

Bankfull Width 

Radius of 
Curvature/ 

Bankfull Width 

Upper Cutoff Ck., Alberta, 
Canada  

13.0 1.50 0.0092 12.0 3.0 

Piney Creek, Maryland  14.3 1.40 0.0026 13.0 2.3 

Humber River, Ontario, Canada  18.1 1.30 0.0022 13.0 2.7 

Clark Fork River, Montana  32.0 1.24 0.0027 11.2 4.0 

Clearwater River, Idaho  30.0 1.20 0.0050 13.0 3.0 

AVERAGE VALUES 21.5 1.33 0.0043 12.4 3.0 

Unconfined Lacustrine Valley (U-LA-LD)  – Morphology of Stable C4 Stream Types 

Stream Name & Location 
Width/ 
Depth 
Ratio 

Sinuosity 
Stream 
Slope 

Stream 
Meander 
Length/ 

Bankfull Width 

Radius of 
Curvature/ 

Bankfull Width 

S. Fork South Platte River, 
Colorado  

14.0 2.2 0.0090 6.8 1.8 

Cutoff Creek, Alberta, Canada  12.0 2.1 0.0006 10.0 2.2 

Ganaraska River, Ontario, 
Canada  

12.2 1.6 0.0070 9.0 1.8 

Cold Creek, Ontario, Canada  18.3 1.3 0.0008 7.6 2.4 

Hoyt Creek, Montana  12.0 1.6 0.0050 10.4 1.6 

AVERAGE VALUES 13.7 1.8 0.0045 8.8 2.0 
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Stream Types 

The Rosgen classification scheme for stream type (Rosgen, 1994, 1996, Figure 168) is quantitative 

and based on direct measurements to produce the delineation criteria:  1) Single-thread or 

multiple-thread, 2) Entrenchment Ratio, 3) Width/Depth Ratio, 4) Sinuosity, 5) Channel Slope, 

and 6) Channel Materials. 

 
Figure 168.  Rosgen stream classification key for natural rivers (Rosgen, 1994, 1996). 

 

Streams are first categorized as single-thread or multiple-thread (i.e., three or more channels).  Single-

thread channels have a higher sediment transport capacity due to a higher shear stress, mean velocity, 

and stream power when compared to multiple-thread channels that are the same size with similar 

flows.  Multiple-thread, braided channels (D stream type) are characterized by flow convergence and 

divergence processes that induce sediment deposition in the form of bars resulting in high sediment 

storage within the channel.  Multiple-thread channels also have greater flow resistance, and thus 

lower mean velocity than single-thread channels with similar flows; diversity for rearing habitat is 

often greater due to the multiple channels and low velocity conditions.  Anastomosed channels are 

also multiple-thread (DA stream types) but are typically located in unconfined, lacustrine valleys 

associated with very low gradients, low sediment supply, stable streambanks, and wetlands. 

Entrenchment ratio is calculated as the width of the flood-prone area (measured at an elevation of 

two times the maximum bankfull depth) divided by the bankfull width in a riffle section.  
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Entrenchment ratio values of less than 1.4 indicate an entrenched channel (i.e., vertically contained 

with a complete abandonment of its adjacent floodplain due to channel incision), values between 

1.4-2.2 indicate a moderately entrenched channel, and values greater than 2.2 indicate slight to no 

entrenchment.  Entrenchment ratio is used to identify whether the flat adjacent to the channel is a 

frequent floodplain, a terrace (abandoned floodplain), or is outside of a flood-prone area.  

Exchanges between the channel and floodplain systems, including the riparian zone, side 

channels, backwater areas, beaver dams, oxbow lakes, floodplain ponds, and wetlands, are critical 

in salmonid habitat assessments.  Access to off-channel, slow flowing side channels, and ponds, for 

example, can be critical for survival of fish during low flow periods, especially during winter 

(Keeley and Slaney, 1996; Pollock et al., 2017).  Seasonal floodplain habitats can also provide 

refugia and/or optimal rearing habitat associated with increased juvenile growth and survival 

compared to the stream channel (Sommer et al., 2001, 2005).  Conversely, reduced lateral 

connectivity and loss of floodplain habitat through incision or other anthropogenic activities can 

diminish biota through reductions in floodplain connectivity, productivity, and nutrient exchange 

(Jenkins and Boulton, 2003; Kondolf et al., 2006). 

Width/depth ratio is used to describe the shape of the channel calculated as the bankfull width divided 

by bankfull mean depth in a riffle section.  Low width/depths values represent deep and narrow 

channels; high width/depth ratios represent shallow and wide channels.  Along with slope, 

width/depth ratio is used in mean velocity, shear stress, and stream power calculations to describe the 

hydraulic and sedimentological characteristics of rivers.  Channels with low width/depth ratios and 

corresponding low sinuosity are prone to channel incision leading to entrenchment (i.e., vertical 

containment and abandonment of floodplains).  Channels with high width/depth ratios are prone to 

excess sediment deposition, high sediment storage, fining of bed material, channel aggradation, and 

elevated water temperatures.  Excessive scour or excessive deposition of the bed have obvious 

impacts to habitat quality, especially suitable habitat for egg survival and spawning success. 

Sinuosity is an index of channel pattern and degree of meandering calculated as stream length 

divided by valley length or valley slope divided by stream slope.  Sinuosity is inversely related to 

channel slope (i.e., the flatter the slope, the more sinuous the channel).  Because slope and sinuosity 

are delicately balanced, any change in the pattern with directly affect channel slope.  Anthropogenic 

impacts to sinuosity are typically observed by the straightening, channelization, and realignment of 

river pattern leading to degradation processes.  Sinuosity is also a key parameter that indicates flow 

energy dissipation due to form resistance, which dictates the presence of various pool types and 

associated biological function.   

Channel slope is calculated as the elevation difference of water surface measurements over the 

stream length between two similar bed features (e.g., start of riffle to start of last riffle) for several 

riffle-pool or step-pool sequences.  Slope dictates the morphology of the bed features (i.e., riffle-

pool, step-pool, rapids-dominated, cascades, and waterfalls).  Slope drives velocity, shear stress, 

and stream power calculations where even slight changes to channel slope result in great shifts in 

geomorphic and associated biological functioning. 

Channel materials refer to the median or dominant particle size of the channel (D50), as sampled 

proportionately from the channel surface between the bankfull stage and thalweg elevations.  
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Channel materials play a large role in the boundary conditions that influence river morphology 

and directly affect flow resistance (i.e., relative roughness or grain roughness).  Sand-bed streams, 

for example, often develop dunes/antidunes as flow resistance to flow forces to prevent 

degradation (Simons et al., 1965).  In contrast, flow resistance in gravel-bed streams is largely 

affected by grain roughness and streamflow depth.  Channel materials can also be used to infer 

habitat conditions, such as spawning habitat and invertebrate production areas associated with 

gravel-bed streams, in addition to cover elements provided in boulder-dominated streams.  

Four of the six stream classification criterion are dimensionless, and thus findings in one stream type 

can be extrapolated to similar types in a different location but of differing sizes (Rosgen, 1996, 2006).  

Additionally, all criteria are already collected in CHaMP (with certain modifications) except 

entrenchment ratio.  Although entrenchment is referenced in CHaMP’s theoretical basis discussion 

as a common geomorphic criteria attribute that can be adequately measured (Bouwes et al., 2011), 

the metric and floodplain connectivity assessments are noticeable absent. 

Overall, stream types can be used to describe the availability of habitat components and habitat 

quality that differ among stream types (Table 28) due to natural geologic variables, slope, substrate 

type, bed features, floodplain connection, and stability conditions (Rosgen, 1994, 1996).  For example, 

A1a+ and A1 stream types (stable, steep, bedrock-controlled channels typical of debris chutes/debris 

avalanches and cascade bed features) do not have the potential to provide high quality habitat 

features, such as spawning habitat, due the natural characteristics of these stream types rather than 

anthropogenic impacts to these systems.  In contrast, stable C4 stream types (single-thread, gravel-

bed, meandering, riffle-pool streams with floodplain connection, width/depth ratios greater than 12, 

and stream slopes less than 2.0%) have the potential to provide many of the critical habitat 

components necessary to complete the salmonid life cycle. 

Last, Rosgen stream type classification quantitatively captures the pattern, dimension, and profile of 

natural rivers and is thus recommended over the qualitative, geomorphic type classification based 

on the River Styles Procedural Tree (Kasprak and Wheaton, 2012; O’Brien and Wheaton, 2015; 

ISEMP/CHaMP, 2015, 2016, 2017; Kasprak et al., 2016).  Qualitative classification schemes based on 

remote interpretations are often inconsistent with field observations as previously documented in 

Figures 18‒19.  It is also evident (e.g., O’Brien, 2017) that a misunderstanding exists among CHaMP 

personnel regarding Rosgen stream classification and how it is applied at the watershed scale.  

Although O’Brien (2017) states that the BPA and NOAA fisheries “have historically funded and 

applied the Rosgen classification system to streams of the Columbia River Basin, which is arguably 

the most well-known and commonly used stream classification applied throughout North 

America,” he continues that the choice to adopt the River Styles approach rather than Rosgen 

classification in CHaMP was “triggered by a pervasive lack of whole-watershed geomorphic 

perspectives when considering stream restoration goals, habitat quality and stabilizing salmonid 

populations throughout the Columbia River Basin (O’Brien et al., 2017).”  This statement represents 

a clear misunderstanding regarding the Rosgen methodologies and the use of the Rosgen stream 

classification of natural rivers. 
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Table 28.  How salmonid habitat potential varies by Rosgen stream type. 

 Habitat Potential for Salmonids (Excellent, Acceptable, Marginal, Poor) 

Rosgen 
Stream 

Type 

Preferred 
Forage 

Production 
Areas 

Low Flow & 
Winter 
Refugia 

High Flow 
Refugia 

Instream 
Cover 

Spawning 
Habitat 

Rearing 
Habitat 

A1 Marginal Poor Poor Poor Poor Poor 

A2 Acceptable Acceptable Acceptable Marginal Poor Marginal 

A3 Marginal Poor Poor Poor Poor Poor 

A4 Marginal Poor Poor Poor Poor Poor 

A5 Poor Poor Poor Poor Poor Poor 

A6 Poor Poor Poor Poor Poor Poor 

B1 Marginal Marginal Marginal Acceptable Poor Poor 

B2 Acceptable Excellent Excellent Excellent Poor Marginal 

B3 Excellent Excellent Excellent Excellent Acceptable Acceptable 

B4 Excellent Excellent Excellent Excellent Exc.***/Acc. Acceptable 

B5 Poor Marginal Excellent Excellent Acceptable Acceptable 

B6 Poor Marginal Excellent Excellent Poor Acceptable 

C1 Marginal Marginal Marginal Marginal Poor Poor 

C2 Acceptable Excellent Excellent Excellent Poor Acceptable 

C3 Excellent Exc.*/Poor** Excellent Exc.*/Acc.** Acceptable Excellent 

C4 Excellent Exc.*/Poor** Excellent Exc.*/Acc.** Excellent Excellent 

C5 Poor Exc.*/Poor** Acceptable Exc.*/Acc.** Acceptable Excellent 

C6 Poor Exc.*/Poor** Acceptable Exc.*/Acc.** Poor Excellent 

D3 Acceptable Marginal Marginal Marginal Acceptable Acceptable 

D4 Acceptable Marginal Marginal Marginal Acceptable Acceptable 

D5 Poor Poor Marginal Marginal Acceptable Acceptable 

D6 Poor Poor Marginal Marginal Poor Acceptable 

DA4 Excellent Excellent Excellent Excellent Acceptable Excellent 

DA5 Marginal Excellent Excellent Excellent Poor Excellent 

DA6 Poor Excellent Excellent Excellent Poor Excellent 

E3 Excellent Excellent Excellent Excellent Acceptable Excellent 

E4 Excellent Excellent Excellent Excellent Excellent Excellent 

E5 Marginal Excellent Excellent Excellent Acceptable Excellent 

E6 Marginal Excellent Excellent Excellent Poor Excellent 

F1 Marginal Poor Poor Poor Poor Poor 

F2 Acceptable Acceptable Acceptable Acceptable Poor Marginal 

F3 Marginal Poor Marginal Marginal Acceptable Acceptable 

F4 Marginal Poor Marginal Marginal Acceptable Acceptable 

F5 Poor Poor Marginal Poor Acceptable Acceptable 

F6 Poor Poor Marginal Poor Poor Acceptable 

G1 Marginal Poor Poor Poor Poor Poor 

G2 Acceptable Acceptable Acceptable Acceptable Poor Poor 

G3 Marginal Acceptable Poor Poor Poor Poor 

G4 Marginal Poor Poor Poor Poor Poor 

G5 Poor Poor Poor Poor Poor Poor 

G6 Poor Poor Poor Poor Poor Poor 

*Associated with a Low Width/Depth Ratio, **Associated with a High Width/Depth Ratio, ***Associated with a Slope less than 0.02 
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Stream Condition 

A modified Pfankuch Channel Stability Rating by stream type (Figure 169) is used in the 

watershed-based approach to rapidly identify stream condition (Pfankuch, 1975; Rosgen, 1994, 

1996, 2006, 2014); the USDA Forest Service has used this method for over four decades.  Criteria 

relate to stability categories for upper banks (above bankfull), streambanks, and the streambed 

zones involving vertical stability, riparian vegetation, and substrate conditions in addition to 

sediment and hydraulic-related processes.  An overall score is classified as Good, Fair, or Poor, 

which is adjusted by Rosgen stream type.  Within sites selected for the most detailed survey, the 

condition ratings are verified through assessments of the stream system functioning using 

various stability indices, streambank erosion, and sediment competence and transport capacity 

evaluations (Rosgen, 2006, 2014).  The Pfankuch stability ratings have proven to be useful for 

many applications, such as determining statistically significant differences in dimensionless 

sediment rating curves between Good/Fair and Poor condition stream systems denoting the 

sediment supply for sediment transport modeling (Troendle et al., 2001; Rosgen, 2006). 
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Land Uses & Historical Events 

To effectively recover salmonids within impaired locations, the root causes of human-induced 

limiting factors must be identified and addressed at the appropriate spatial scale (Fausch et al., 2002).  

Correcting limiting factors often include identifying land use impacts, such as disturbances to the 

streambed and banks or changes to the streamflow, sediment, temperature regimes, or other water 

quality impairments.  The causes of impairment must also be linked to specific river and habitat-

forming processes that have been disrupted (Beechie and Bolton, 1999).  Table 29 identifies linkages 

between geomorphic processes associated with channel instability and the potential causes and 

consequences of impairment related to land uses, flow, sediment, stream morphology, the physical 

environment, water quality, and aquatic habitat quality.  Thus, it is essential to document historical 

events, including recent wildfires and floods, and to identify specific land uses that may adversely 

affect the stream system function (e.g., roads and stream crossings, overgrazing, direct impacts to 

riparian vegetation, agriculture, silviculture, and mining).  Only in this way can the root causes of 

impairment be offset through restoration and management actions.  Examples of impairments 

related to land uses that affect water quality and quantity are discussed below. 

Water Quality 

Water quality issues are typically non-point in nature and thus must be evaluated at an appropriate 

spatial scale to identify potential limitations to the recovery of salmonid species.  Water quality 

parameters typically consist of water temperature, anthropogenic sediment, water chemistry (e.g., 

conductivity, dissolved oxygen), toxic materials, and nutrient enrichment (nitrogen and phosphorus, 

Barbour et al., 1999).  If toxic stressors or materials are available to the stream system, removing or 

abating sources is required.  Water temperature, dissolved oxygen, and turbidity/sediment issues can 

often be offset via the restoration design once anthropogenic sources of the water quality impairments 

are identified.  For example, lowering elevated water temperatures and reducing instream sediment 

can often be accomplished through passive restoration (e.g., grazing management) for streams with a 

high recovery potential.  This simple treatment can decrease the channel width/depth ratio, reduce 

water temperature during summer, decrease sediment supply from streambank erosion, and increase 

sediment filtration once a riparian vegetation community is reestablished.  Passive actions of this kind 

can often correct both water quality and limiting factors associated with salmonids (Pierce et al., 

2014a, 2015).  Restoration can also increase sediment transport capacity and hyporheic exchange that 

will allow cooler groundwater to enter the stream by increasing bed topographies or improving bed 

permeability by reducing bed compaction or the percentage of instream fine sediment. 

Streamflow 

Seasonal flow requirements must be met to sustain wild salmonid populations while maintaining 

water quality (e.g., temperature, sediment, and potential dilution requirements) and habitat quality 

(e.g., maintenance of pool quality and availability of spawning habitat).  Depending on the natural 

flow regime and a stream’s biota, flow alterations can dramatically influence habitat quality and 

quantity, and adversely affect biological communities at various trophic levels.  Additionally, 

diminished streamflows can lead to reduced water quality by concentrating toxins (e.g., nutrients) in 

addition to decreased sediment transport capacity, channel aggradation and instability, increased 

turbidity, higher water temperatures, and habitat degradation.  Water diversions can entrain 
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salmonids, creating migration barriers and elevated water temperatures in areas of diminished 

downstream flows (Pierce et al., 2014b).  Winter flow depletions can also lead to potentially damaging 

ice formation processes; unnatural or frequent flow alteration can cause hanging dams to form under 

the leading edge of ice caps, stimulate anchor ice development in shallow riffle areas, and cause 

breakup of established ice caps (Annear et al., 2002; Brown et al., 2011).  Depending on weather and 

flow conditions, these processes can result in ice jams that may redirect some or all of the streamflow 

to riparian areas.  Such conditions can lead to refuge-seeking behavior, scouring/freezing of redds, 

and high winter mortality of juveniles especially in streams prone to severe icing conditions (Cunjak, 

1996; Jacober et al., 1998; Brown et al., 2011). 

In addition to adequate baseflows, bankfull streamflows (i.e., flushing flows or channel maintenance 

flows) are also critical to transport sediment, to maintain/create habitat features such as pools and 

riffles, and to integrate instream wood with habitat complexity (Rosgen et al., 1986; Poff et al., 1997).  

However, high magnitude ramping flows below hydro-electric dams can reduce refugia from high 

velocity and excess shear stress conditions and can increase turbidity from accelerated streambank 

erosion and channel-source sediment.  Ramping flows can also adversely affect spawning by 

entraining gravel during periods of egg incubation and lead to subsequent egg mortality.  

Changes in the frequency and magnitude of flood peaks can also adversely affect water quality and 

critical habitat from land use practices, such as urban watershed development, installation of tile 

drains or ditches, the alteration of the riparian vegetation community such as with excessive forest 

harvests, and the operational hydrology of dams.  Groundwater pumping can also cause loss of 

surface flows (Winter et al., 1998; Winter, 1999; Winter, 2007).  Best watershed management practices 

must integrate water quality and fish habitat response to prevent future adverse impacts. 

Determining instream flow requirements is also important to prevent stream dewatering and its 

adverse effects to the aquatic community, especially those involving ESA-listed species.  Flow 

requirements are often imposed by regulatory agencies based on mean monthly flows or habitat 

value and forage production associated with the concept of the wetted riffle (Stalnaker and Arnette, 

1976; Wesche and Rechard, 1980; Richter et al., 1997; Petts, 2009).  The Instream Flow Incremental 

Methodology (IFIM) and the Physical Habitat Simulation System (PHABSIM) are assessment 

procedures that can be used to address flow allocation problems related to riverine habitat and to 

determine flow requirements based on weighted usable area and discharge relationships (Bovee, 

1982; Milhous et al., 1989; Stalnaker et al., 1995; Bovee et al, 1998).  Furthermore, some CHaMP data 

products, especially NREI and HSI, can be used to help identify critical flow thresholds for different 

life history stages and events (Wall et al., 2016). 

Overall, the streamflow regime must be assessed at the watershed level as the streamflow magnitude, 

timing, frequency, and duration are important to create and maintain habitat in lotic systems.  

Development of regional bankfull hydrology curves must be developed by hydro-physiographic to 

assist in streamflow evaluations at the watershed scale and at specific sites.  In addition to assessing 

streamflow at the watershed scale, streamflow is also evaluated at the site level to determine if there 

are sufficient flows during baseflow periods to provide access to key habitat components.  
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Table 29.  Interrelationships between geomorphic processes associated with channel instability and the 
potential causes and consequences related to land uses, flow and sediment processes, form variables, the 
physical system, water quality, and aquatic habitat quality (trend arrows represent most common response). 

Potential Causes & 
Consequences of 

Channel Instability 

Geomorphic Processes Associated with Channel Instability 

Excess Deposition & 
Aggradation 

Channel Incision & 
Degradation 

Channel Enlargement & 
Streambank Erosion 

Potential Causes  
 

- Overgrazing 
- Vegetation conversion 
- Direct channel alterations 
- Diversions 
- Reservoirs (flow 

regulations) 
- Dams (including beaver) 
- Culverts & bridges 
- Urban encroachment  
- Debris flows 
- Floods & Wildfires 

- Headcuts 
- Tributary rejuvenation 
- Direct channel alterations 
- Clear water discharge 
- Culverts & narrow bridges 
- Reservoirs (flow 

regulations) 
- Storm drain outfalls 
- Urban encroachment  
- Debris flows 
- Floods & Wildfires 

- Overgrazing 
- Vegetation conversion 
- Direct channel alterations 
- Reservoirs (flow 

regulations) 
- Dams 
  Check structures 
- Culverts & bridges 
- Urban encroachment  
- Debris flows 
- Floods & Wildfires 

Changes in Flow & Sediment Processes 

 Hydraulics: Velocity Decreases Increases  Decreases  

 Hyporheic Exchange Decreases  Decreases  No Change  
 Competence: Shear Stress Decreases  Increases  Decreases  
 Capacity: Stream Power Decreases  Increases  Decreases  
 Streambank Erosion Rate Increases  Increases  Increases  

Changes in Form Variables 
 Width/Depth Ratio Increases  Decreases  Increases  
 Sinuosity Decreases  Decreases  Decreases  
 Pool Spacing Increases  Decreases  Increases  
 Slope Increases  Increases  Increases  
 Riffle Maximum Depths Decreases  Increases  Decreases  
 Channel Particle Sizes Decreases  Increases  Decreases  
 Bank-Height Ratio No Change  Increases  No Change  
 Meander Width Ratio Decreases  Decreases  Increases  

Physical Consequences 

 Land Loss Increases  Increases  Increases  
 Flood Risk Increases  Decreases  Increases  
 Floodplain Connectivity Increases  Decreases  No Change  
 Water Table Decreases  Decreases  No Change  
 Riparian Vegetation Decreases  Decreases  Decreases  
 Pool Quality Decreases  Decreases  Decreases  
 Fines in Substrate Increases  Decreases  Increases  

Water Quality Consequences 

 Dissolved Oxygen Decreases  Increases /Decreases  Decreases  
 Water Temperature Increases  Increases / Decreases  Increases  
 Sediment Loads/Turbidity Increases  Increases  Increases  

Consequences to Aquatic Habitat Quality 

Preferred Salmonid 
Forage Production Areas 

Decreases  Decreases  Decreases  

High Flow Refugia Decreases  Decreases  Decreases  
Low Flow/Winter Refugia Decreases  Decreases  Decreases  
Instream Cover Decreases  Decreases  Decreases  
Overhead Cover Decreases  Decreases  Decreases  
Spawning Habitat Decreases  Decreases  Decreases  
Rearing Habitat Decreases  Decreases  Decreases  
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4. Assess Stream System Functioning & Limiting Factors of Habitat at the 
Site Level 

This phase helps to identify specific limiting factors to physical habitat using geomorphic criteria at 

the site level.  The evaluations are based on departure assessments that compare impaired reaches to 

the potential, reference condition.  In its current form, CHaMP make no mention of anthropogenic 

degradation or reference conditions.  In addition, the random sample design does not readily lend 

itself to identifying or correcting the adverse effects within watersheds because of the non-random 

nature of human-induced limiting factors.  The following sections discuss the important and critical 

assessments necessary to properly address such limiting factors. 

Identify Typical Impaired Reaches and Reference Reaches 

Following the preliminary watershed assessments and identification of land uses that potentially limit 

salmonid habitat and impact fish populations, sites can then be selected to reflect typical “impaired 

reaches” and “reference reaches” of the watershed.  The impaired reaches are those that are no longer 

naturally stable or functioning with limited fisheries.  Reference reaches represent the potential, 

functioning stream types and condition of the impaired reaches; reference reaches represent natural 

channel form and function and provide a basis for assessing (and restoring) habitat needs of salmonids 

recovery by emulating the natural conditions to which native salmonids have adapted.  Rather than 

conducting detailed assessments on a prohibitive amount of reaches within a watershed, the number 

of typical impaired reaches and reference reaches is dependent on the number of reaches with unique 

combinations of landscape type, stream type, and condition; the results of the detailed assessments can 

then be extrapolated to other areas with the same fluvial landscape type, stream type, and condition 

within the watershed. 

Identifying the stable stream type associated with the potential habitat quality that the physical system 

can provide requires an understanding of stream succession.  Understanding the morphological 

adjustments of stream types from natural or anthropogenic disturbances assists in identifying limiting 

factors and evaluating habitat quality.  Table 30 includes the typical responses of aquatic habitat and 

related variables associated with stream type shifts due to disturbance (e.g., C to G stream type shift) 

or recovery from disturbance (e.g., F to C stream type shift).  Additionally, Figure 170 depicts 17 

stream succession scenarios, each representing various successional sequences observed on actual 

rivers.  The scenarios represent documented morphological shifts and the central tendencies of streams 

to seek their own stability.  The appropriate stream succession scenario, the current state of the 

impaired reach within the scenario (i.e., representative impaired reach), and the functioning, end-point 

stream type (i.e., reference reach) should be identified. 

The following sections discuss the geomorphic and habitat quality evaluations that are conducted on 

both the impaired reaches and reference reaches to understand habitat processes, habitat potential, 

and the departure of the impaired system from its stable, naturally-functioning form.   
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Table 30.  Rosgen stream type shifts and the typical responses of aquatic habitat and related variables. 

E→C C→D C→F G→F B→G C→G E→G Fb→B G→B F→C D→DA C→E

Preferred 

Salmonid Forage
↑ ↓ ↓ ↓ ↓ ↓ ↓ ↑ ↑ ↑ ↑ ↑

Low Flow & Winter 

Refugia
↓ ↓ ↓ ↓ ↓ ↓ ↓ ↑ ↑ ↑ ↑ ↑

High Flow Refugia → ↓ ↓ ↓ ↓ ↓ ↓ ↑ ↑ ↑ ↑ →

Overhead Cover ↓ ↓ ↓ ↓ ↓ ↓ ↓ ↑ ↑ ↑ ↑ ↑

Instream Cover ↓ ↓ ↓ ↓ ↓ ↓ ↓ ↑ ↑ ↑ ↑ ↑

Spawning Habitat ↑ ↓ ↓ ↓ → ↓ ↓ → ↑ ↑ → ↓

Rearing Habitat → ↓ ↓ → ↓ ↓ ↓ ↑ ↑ ↑ ↑ →

Habitat Diversity ↑ ↓ ↓ → ↓ ↓ ↓ ↑ ↑ ↑ ↑ ↓

IBI Score/ Rapid 

Bioassessments
→ ↓ ↓ → ↓ ↓ ↓ ↑ ↑ ↑ ↑ →

Water Temperature ↑ ↑ ↑ ↑ → ↓ → ↓ → ↓ ↓ ↓

Dissolved Oxygen ↓ ↓ ↓ ↓ → ↑ → ↑ → ↑ ↑ ↑

Lateral 

Connectivity
→ → ↓ → ↓ ↓ ↓ ↑ ↑ ↑ → →

Vertical 

Connectivity
→ ↓ ↓ → ↓ ↓ ↓ ↑ ↑ ↑ ↑ →

↑ indicates increase, ↓ indicates decrease, and → indicates no change (trend arrows represent typical response)

Stream Type Shifts Related to Disturbances Stream Type Shifts Related to Recovery
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Geomorphic Assessment at Site Level 

The geomorphic assessment includes evaluating a range of stream stability conditions and 

characteristics associated with channel hydraulics, morphology, sediment, and boundary 

conditions (Rosgen, 1996, 2006, 2014).  The results of the geomorphic assessment are used to rate 

aquatic habitat quality.  As described below, sediment evaluations are a key component to the 

geomorphic assessment.  Currently, the only metrics in CHaMP related to sediment are substrate 

metrics (i.e., percent boulders, cobble, gravel, sand and fine sediment; D16, D50, and D84 particle 

sizes; sediment < 2mm and < 6.0 mm).  We recognize that a geomorphic change detection tool has 

been developed to analyze CHaMP DEMs from repeat topographic surveys to determine net 

erosion or deposition of a CHaMP site (ISEMP/CHaMP, 2014).  However, without linking 

deposition and erosion to the sources of sediment, annual sediment yields, sediment entrainment 

evaluations, or sediment transport capacity, it is unclear how results of the geomorphic change 

detection can be used to inform restoration or management actions and improve salmonid habitat 

that is adversely impacted by sediment processes.  The following sections include key sediment 

evaluations as part of the geomorphic assessment as related to evaluating habitat quality (detailed 

assessment methods of channel hydraulics, morphology, and sediment are available in Rosgen, 

1996, 2006, 2014). 

Streambank Erosion and Bank Stability 

Accelerated streambank erosion is one of the most pervasive processes of the impaired river that 

contributes a high percentage of annual sediment supply resulting in diminished habitat quality 

including degraded physical habitat and water quality issues.  The anthropogenic loss of undercut 

banks and riparian vegetation can increase erosion, eliminate cover and flow refugia, and reduce 

stream shading with elevated surface water temperatures.  Streambank erosion is often related to 

channel aggradation and enlargement with an increase in fine sediments invading the streambeds.  

This results in decreases in particle size substrate and reduced percent EPT taxa, streambed 

compaction, filling of pools, shallowing the depths of the low flow channel features (high bankfull 

width/depth ratio), and the promotion of frazil and anchor ice development related to winter 

mortality and out migration of juveniles (Annear et al., 2002; Brown et al., 2011). 

Unfortunately, streambank attributes and evaluations were deliberately omitted from the CHaMP 

protocol until “measurements are more meaningful” (CHaMP, 2016, p. 108).  The BANCS model 

(Rosgen, 2001, 2006, 2014) has been widely used to predict annual bank erosion rates but requires 

local calibration.  Streambank erosion can also be measured over time using bank profiling and 

bank pin methods (Rosgen, 2006, 2014); these results can be used to calibrate the BANCS model by 

determining annual erosion rates related to normal runoff events.  Long-term streambank erosion 

estimates can be obtained from time-trend aerial photo data available from Google Earth.  
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Channel Incision & Degradation 

Channel incision/degradation is the lowering of local base level resulting in the loss of floodplain 

connectivity associated with excess velocities, shear stress, and unit stream power with flood 

flows that are contained within the streambanks.  Vertical instability related to channel incision 

results in numerous adverse impacts to habitat quality, including: 

• Limited or lack of access to critical, off-channel habitat features, including oxbows, 

beaver dams, side channels, and floodplains 

• Loss of flow refugia due to higher stream velocities and shear stress 

• Bed scour adversely affecting the salmonid forage production areas and spawning sites 

• Loss of riparian vegetation from a lowered water table 

• Accelerated streambank erosion and channel enlargement from the high shear stress 

against the banks resulting in loss of undercut bank and cover, fine sediment deposition, 

bed compaction, and loss of inter-gravel flow rates 

Although CHaMP recognizes the direct impact that channel incision has on salmonid egg to fry 

survival (CHaMP, 2016, p. 106), no metrics are provided that directly infer the degree of channel 

incision such as Bank-Height Ratio (BHR) (Figure 171, Rosgen, 2006).  BHR is a measure to assess 

the ability of flood flows to access floodplain or flood-prone area features calculated by dividing 

the lowest bank height by the bankfull maximum depth.  BHR values greater than 1.1 indicate the 

vertical extent of incision and lowered base levels as streamflows above the bankfull stage are 

contained within the streambanks; this creates disproportionately higher values of mean velocity, 

shear stress, and stream power against the streambanks and channel beds generally contributing 

disproportionate amounts of sediment to the stream channel.  Note that although the river may be 

incised or degrading, it may not be fully entrenched (vertical containment of infrequent floods 

within the streambanks).  Additionally, streams that are actively incising will not have 

depositional surfaces to identify the bankfull stage; thus, regional curves are critical to detect the 

bankfull elevation in incising channels. 

While BHR is a useful metric for habitat and geomorphic assessments at a point in time, channel 

incision can also be accurately determined over time with repeat surveys of monumented cross-

sections and a longitudinal profile.  Evaluations of sediment competence and transport capacity are 

also used in assessments of channel incision and degradation. 
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Figure 171.  Cross-section views in relation to longitudinal profile depicting various ratings of Bank-Height 
Ratio (BHR) and degree of channel incision (Rosgen, 2006, 2014). 

 

Excess Sediment Deposition & Aggradation 

Aggradation in the raising of local base level from excess sediment deposition and is an indicator of 

the overall health of the stream.  Vertical instability due to aggradation is associated with high 

width/depth ratio channels and numerous adverse impacts to habitat quality, including: 

• Fining of bed material that adversely affects spawning and EPT taxa abundance and diversity 

• Filling of pools with fine sediment 

• Decrease in stream channel depths during low flow periods 

• Elevated surface water temperatures 

• Increased likelihood to develop frazil and anchor ice associated with fish mortality 

• Streambed compaction and embeddedness affecting spawning and EPT taxa abundance 

and diversity 

• Increased predation risk due to shallow depths and low habitat complexity 

Vertical stability related to aggradation risk is evaluated within the geomorphic assessment based on 

sediment competence and transport capacity, width/depth ratio state, stream succession, 

depositional patterns, and channel debris and blockages (Rosgen, 2006, 2014).  
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Instream Fine Sediment 

Instream fine sediment is often responsible for streambed compaction and a reduction in percent 

EPT taxa (preferred salmonid forage).  Pierce et al. (2017) found that four restored spring creeks 

with an average of 11% fine sediment (less than 0.85 mm using core samples) contained a higher 

percent EPT (66.4%) than four unrestored spring creeks with an average of 20% fine sediment (46% 

EPT).  Relyea et al. (2012) used the Fine Sediment Biotic Index (FSBI) to assess fine sediment impacts 

on macroinvertebrate communities and found that impairment of the most sediment-sensitive taxa 

began at 10‒20% fine sediment (< 2.0 mm using Wolman procedure).  Similarly, Burdon et al. (2013) 

demonstrated a significant decline in percent EPT taxa once a threshold of 20% fine sediment (< 2.0 

mm using modified Wolman procedure) covering the streambed was reached due to the loss of 

habitat through the filling of interstitial spaces between bed particles, the burial of a coarse 

substrate, and a reduction in food resources. 

Instream fine sediment also alters spawning habitat by covering up coarse substrate that is ideal for 

spawning success (e.g., Reiser and White, 1988; Waters, 1995).  Instream fine sediment can also 

reduce permeability and limit oxygen exchange within the redd (Gard, 2002).  When these fine 

sediments (< 0.85 mm) approach 20% of the substrate composition, they can asphyxiate developing 

embryos and result in high egg-to-fry mortality (Reiser and White, 1988; Waters, 1995; Fudge et al., 

2008; Jensen et al., 2009).  Fine sediment can also reduce interstitial spaces and physically prevent fry 

emergence (Beschta and Jackson, 1979; Jensen et al., 2009).  Jensen et al. (2009) found that egg-to-fry 

survival dropped rapidly when the percent fines less than 0.85 mm was greater than 10%; results 

indicated that when fines were greater than 25%, survival decreased to less than 10%. 

The percent of instream fine sediment is used to rate the habitat quality for salmonid forage 

production areas and spawning habitat using the Wolman procedure or McNeil core samples.  For 

the rating of salmonid forage production areas, the instream fine sediment includes clay, silt, and 

sand less than 2.0 mm as measured within the primary aquatic macroinvertebrate production areas 

of riffles or runs (similar to Relyea et al., 2012).  For the spawning habitat rating, the particle sizes 

most damaging to egg-to-fry survival include clay, silt, and sand less than 0.85 mm as measured 

within ideal spawning habitat features of glides and riffles (similar to Jensen et al., 2009). 

Evaluation of Baseflow to Bankfull Discharge  

The baseflow to bankfull flow ratio is used as a criterion to rate habitat quality.  Baseflow periods 

correspond with periods of high ecological activity, including seasonal increases in biotic production 

at all trophic levels.  Baseflows allow for increases in growth as temperatures warm and as increased 

forage production becomes available.  However, anthropogenic dewatering below normal baseflows 

can limit flow refugia, instream cover, water quality, and rearing and spawning habitat.  Although 

some rivers have naturally low baseflows compared to their bankfull discharges, many and perhaps 

most rivers are impacted by direct flow depletions (e.g., streamflow diversions, reservoirs, 

groundwater pumping) that present major impacts to fish populations. 

Channels with low width/depth ratios or with a well-defined inner berm, or low flow channel, can 

help increase stream depths during baseflow periods to provide instream cover and low flow and 

winter refugia.  However, stream channels that are overwide with high width/depth ratio values are 
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especially impacted during baseflow periods because of the shallow flow depths that severely limit 

instream cover and refugia and lead to extreme fluctuations in water temperature. 

Riparian Vegetation   

The riparian vegetation community is inventoried to describe the composition and density of the 

overstory, shrub layer, and ground cover vegetation.  The riparian community of the existing reach 

condition is compared to a reference reach site that represents the potential vegetation community.  In 

general, the riparian community helps maintain the morphological character of a given stream type, 

greatly affecting flow resistance, streambank erosion, channel enlargement, and slope. 

Streamside riparian vegetation also provides forage and habitat for insects affecting the food supply, 

provides river shading that helps maintain surface water temperatures, creates overhead cover for fish 

protecting salmonids from predation, and adds large wood and debris to the stream system necessary 

for habitat creation, diversity, and maintenance (Collins et al., 1994; Beechie and Bolton, 1999; Baxter et 

al., 2005; Naiman et al., 2005).  Riparian vegetation can also provide attachment sites for surface ice 

formation, including shelf ice and sites that can lead to full ice cap formation, to help reduce fish 

mortality from frazil and anchor ice (Annear et al., 2002; Brown et al., 2011). 

Riparian vegetation also plays a critical role in the character of the streambanks.  Deep-rooted and 

dense streamside vegetation, such as woody vegetation and rhizomatous grass-like plants (e.g., 

Carex (spp.) or Juncus (spp.)), decreases streambank erosion potential by increasing the flow 

resistance and strength of saturated banks that can prevent upper banks from collapse due to mass 

wasting.  Such vegetation creates undercut banks that offer excellent cover and flow refugia for fish.  

Exposed and submerged roots in the streambank zone also provide rearing habitat and cover.  

Streambanks without deep-rooted and dense vegetation are prone to accelerated erosion, which 

contributes fine sediment to the stream system and adversely impacts habitat for desirable EPT taxa 

and spawning. 

Pool Quality 

Maximum pool depths are often used to infer pool quality.  In general, deep pools provide resting 

areas, flow refugia, instream cover, and depth cover due to lower velocities, associated flow 

turbulence, and feeding lanes and holding cover on the inside seams of point bars related to 

secondary circulation flow patterns.  Deep pools with complex fish cover also improve over-winter 

survival by encouraging a stable ice cap and preventing frazil and anchor ice from developing.  As 

streams widen and aggrade, sediment deposition decreases pool depths; as streams degrade, pool 

features are often lost due to excessive bed scour and over-steepening.   

Maximum pool depths, slopes, and lengths vary by pool type (e.g., later scour pool, step-pool, etc.; 

Rosgen, 2014, Figures 172‒173) and the stability of the stream.  Thus, maximum pool depths, 

slopes, and lengths are converted to ratios to be able to compare the values to those of a stable 

reference reach for the dominant pool type. 
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Figure 172.  Description and typical depth, length, and slope ratios of the ten pool types 
(illustrating pool types 1‒5) (Rosgen, 2014). 
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Figure 173.  Description and typical depth, length, and slope ratios of the ten pool types (illustrating 
pool types 5‒10) (Rosgen, 2014). 
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Pool Spacing 

In addition to pool quality, pool spacing is used as a metric to assess the frequency of pool habitat.  

River instability due to disturbances (even without a change in bankfull discharge) will result in 

shifts in channel morphology, including pool spacing.  Sedell and Everest (1990) compared the 

number of pools before and after timber harvest operations over a 49-year period and found that the 

number of pools were reduced by 59% on average for 16 different rivers. 

Habitat quality related to pool spacing is evaluated for riffle-pool systems that contain lateral scour 

pools and for systems that contain step-pool bed features.  If other pool types dominate the stream 

system, the user is advised to analyze the departure of the depth, slope, and length ratios to the 

reference condition (Figures 172‒173, Rosgen, 2014).   

Riffle-Pool Systems:  For single-thread, riffle‒pool streams associated with channel slopes less than 

2.0% (C, E, and F stream types), the pool spacing between lateral scour pools is driven mainly by 

meander pattern, related to one-half of the stream meander length.  Typical stream meander 

wavelengths range from 10 to 14 bankfull channel widths for meandering alluvial rivers (C and E stream 

types) (Leopold et al., 1964; Dunne and Leopold, 1978); thus 5 to 7 channel widths represent the spacing 

distance between lateral scour pools.  However, stream meander length and associated pool spacing 

differ for confined rivers with sinuosity between 1.1 and 1.2 and slopes up to 2.0% in glacial trough 

valleys with a high bedload sediment supply.  In these systems, the stream meander length varies up to 

24 bankfull widths and the pool spacing varies up to 12 bankfull widths.                          

In addition to the benefits of pools for aquatic habitat, the frequency and depths of pools are related to 

the internal distortion resistance and flow turbulence necessary for flow resistance (Leopold et al., 

1964).   Too few or too many pools can disrupt the hydraulic and sedimentological relations required 

to maintain river stability.  When streams are straightened, the lack of meanders eliminates lateral 

scour pools and energy is dissipated by bed undulations, decreasing pool spacing.  Consequently, 

pool quality is degraded and the stream is at risk for channel incision due to an increased slope and 

decreased form resistance.  Cross-channel structures or check dams installed to increase pool 

frequency create an unstable river system by flattening the stream slope, disrupting the bed feature 

patterns and associated energy dissipation, increasing the channel width/depth ratio, and decreasing 

sediment transport capacity.  The biological functioning and pool quality is consequently diminished 

as stream temperatures are increased and the backwater pools fill with fine sediment decreasing the 

pool depths. 

Step-Pool Systems:  For step‒pool streams associated with low sinuosity and slopes greater than 2.0% 

(A, B, and G stream types), the pool spacing is normalized by the bankfull width and is a function of 

channel slope (Figure 174); as the channel slope increases, the pool spacing decreases to help dissipate 

flow energy.  The relationship in Figure 174 was developed from reference reach data and is used to 

design the natural spacing of step-pools.  Departure in the pool spacing to bankfull width for a given 

slope represents channel instability and adverse effects to aquatic habitat.  A common mistake in 

establishing pool habitat is to increase or decrease the pool frequency outside the range of the 

geomorphic limits as expressed by the reference reach data (Figure 174). 
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Figure 174.  Relationship between channel slope and pool spacing to bankfull width developed 
using reference reach data (Rosgen, 2018, in development). 

 

Instream Wood 

Instream wood is important to the health and productivity of salmonid streams by providing instream 

habitat structure and diversity, which provides for cover, refugia, and sorting gravels (Lisle 1986; 

Bugert et al., 1991; Fausch and Northcote, 1992; Everett and Ruiz, 1993; Gurnell et al., 1995, 2002).  

Instream wood can increase the abundance of aquatic species and improve the substrate habitat for 

rearing of aquatic macroinvertebrates (Angermeier and Karr, 1984).  Instream wood should also be 

considered within the context of the potential condition.  If instream wood is found to be a limiting 

factor for habitat quality, it is critical that instream wood is properly incorporated in any restoration 

project to maximize the benefits of instream wood while maintaining physical stability and 

functioning.  Importantly, the methods of instream wood placement vary by many conditions 

including stream type.  Pierce et al. (2015) found that the addition of a high density of instream wood 

(18.4 stems per 300 ft; stems defined as greater than 10 cm diameter and greater than 1 m in length) in 

restoration increased trout abundance by eleven times and biomass by six times compared to the 

addition of a low density of instream wood (1.8 stems per 300 ft) during the initial period of habitat 

recovery; the restoration used Natural Channel Design (NCD) principles (Rosgen, 2007, 2011a) that 

emulated the potential functioning condition with placement of wood appropriate to the reach type. 
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Habitat Quality Evaluation to Identify Limiting Factors 

Though life history and specific habitat requirements differ across a variety of river systems and fish 

species, the common thread among all productive salmonid populations in coldwater streams 

include riparian zones with naturally stable channels that provide suitable and diverse aquatic 

habitats (Rankin, 1995).  Suitable habitat is associated with water of sufficient quality and quantity 

combined with a natural array of available physical channel features promote population 

productivity (Southwood, 1977; Plafkin et al., 1989; Schlosser and Angermeier, 1995; Keeley and 

Slaney, 1996).  For salmonids, these conditions include cold and clean water, low instream sediment 

concentrations and loads, and complex channel features with habitat connections across a 

continuum of river environments (Vannote et al., 1980; Omernik, 1995). 

Habitat quality evaluations at the site level are required to 1) help identify the limiting factors and 

geomorphic criteria responsible for the ratings, and 2) direct restoration and/or management actions 

to regain a functioning biological system that is compatible with the physical system.  Limiting 

factors refer to anything (natural or human-induced) that impedes the population dynamics and 

biological potential of a target species (Hubert and Bergersen, 1998; Bain and Stevenson, 1999).  As a 

minimum, habitat quality assessments are obtained to infer limiting factors for seven interconnected 

habitat components that are critical for aquatic organisms to complete their life history and that drive 

populations in natural river systems: 

• Low flow and winter refugia  

• High flow refugia  

• Salmonid forage production areas (includes aquatic and terrestrial sources) 

• Overhead cover  

• Instream cover  

• Spawning habitat  

• Rearing habitat  

The stream criteria to evaluate the habitat quality components (Figure 175) include a range of fluvial 

geomorphic characteristics and stability indices associated with river processes as discussed in the 

previous geomorphic assessment section.  The following sections discuss the habitat quality 

assessments and important criteria for each of the main habitat components. 
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Figure 175.  Procedure to evaluate aquatic habitat quality related to the geomorphic condition to identify 
limiting factors and direct the natural channel design (Rosgen, 2018, in development). 
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Salmonid Forage Production 

Salmonid habitat requirements include the ability of stream to support and provide a diverse supply 

of forage items, including both terrestrial and aquatic invertebrates.  The availability of forage is one of 

the primary factors that set the carrying capacity of streams (Bjorrn and Reiser, 1991).  Streams vary in 

productivity due to a continuum of physio-chemical nutrient and energy processes (e.g., nutrient 

spiraling, Vannote et al., 1980; Cummins and Merritt, 1984).  Yet, the organization of erosional, 

depositional, and semiaquatic conditions also strongly influences invertebrate habitat and production 

(Cummins and Merritt, 1984).  Salmonid forage production in the form of terrestrial and aquatic 

invertebrates is evaluated at the reach level by site conditions that help to define invertebrate habitat 

quality.  Site conditions that affect the local production of basic forage production include water 

temperature, coarse substrate, fine sediment, instream wood, nutrients, water conductivity, channel 

stability, and the stream’s riparian area.  

Terrestrial invertebrates are a high quality and significant forage source (as much as 50% of their 

annual diet) directly available to salmonids that affect the local abundance of fish (Mason and 

MacDonald, 1982; Baxter et al., 2005).  Riparian vegetation plays a significant role in the production of 

detritus and habitat for terrestrial insects (e.g., ants, grasshoppers, and beetles) and the terrestrial 

(adult) life-cycle phase of aquatic insects (e.g., EPT and many other aquatic taxa).  Inputs tend to be 

highest during summer periods at sites with relatively closed canopies of deciduous vegetation 

(Nakano et al., 1999; Baxter et al., 2005).  The loss of riparian vegetation (e.g., overgrazing) can reduce 

terrestrial forage supplies and contribute to the sediment supply through streambank erosion and 

channel widening (Saunders and Fausch, 2007; Burdon et al., 2013). 

Aquatic macroinvertebrates are also a significant forage source and are often used to assess the health 

of river systems because of their sensitivity to disturbances and because they integrate conditions of 

the entire watershed (Relyea et al., 2012).  Specifically, Ephemeroptera, Plecoptera, and Trichoptera 

(EPT) taxa are a group of coldwater insects that are among the most productive, preferred, and 

available salmonid forage and thus are used as common indicators of habitat integrity (Waters, 1995; 

Relyea et al., 2012).  Most EPT taxa are sensitive to instream fine sediment (< 2.0 mm) in the bed 

causing adverse effects and reduction in EPT taxa abundance (Bryce et al., 2010; Relyea et al., 2012; 

Burdon et al., 2013; Pierce et al., 2017).  Instream fine sediment can also lead to bed compaction or the 

infilling of interstices (Burdon et al., 2013), which can potentially isolate macroinvertebrates and other 

aquatic organisms from the hyporheic zone and limit the total available habitat to the veneer of 

substrate on the surface (Waters, 1995; Brunke and Gonser, 1997). 

The channel substrate size is also a primary factor that influences the abundance, richness, and 

distribution of aquatic macroinvertebrates (Vannote et al., 1980; Minshall, 1984; Relyea et al., 2012).  For 

example, Poulton et al. (1999) sampled 78 taxa of benthic macroinvertebrates associated with a gravel-

sized substrate on the Lower Missouri River, but sampled only 4 taxa within the same river associated 

with a sand-dominated substrate.  The habitat quality evaluation for salmonid forage production areas 

integrates the channel substrate indicator by including stream classification as a criterion.  

Instream wood also contributes to the food supply as it creates and diversifies habitat for aquatic 

macroinvertebrates and habitat for other food items (e.g., amphibians and forage fish) in addition to 
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food resources associated with specialized invertebrates (Angermeier and Karr, 1984; Gregory et al., 

2003, Lake et al., 2007).  Poulton et al. (1999) found that the presence of instream wood and organic 

material helped achieve a high secondary productivity with 30 taxa sampled in a silt substrate. 

In fluvial landscapes such as river deltas or lacustrine valleys where instream wood and woody 

streamside vegetation is absent (most often associated with E and DA stream types), the riparian 

vegetation criterion can be replaced with dense grasses and grass-like perennials, and the weighting 

values of instream wood can be decreased to their potential level of influence or can be substituted with 

aquatic vegetation.  As primary production, aquatic vegetation such as rooted vascular macrophytes 

provide part of the food chain and instream cover as at least 12 freshwater fish families use aquatic 

vegetation as nursery habitat for larvae and 19 families of freshwater fish occupy vegetated habitats 

during at least one of their life stages (Bain and Stevenson, 1999).     

The baseflow regime also directly affects salmonid forage by influencing both primary and secondary 

productivity.  Periods of low baseflow conditions from diversions, dams, or other watershed 

conditions or shallow baseflow depths often associated with high width/depth ratio channels can be 

problematic to the food supply, by negatively influencing invertebrate drift.  Such conditions, for 

example, can adversely affect the seasonal food availability and can also lead to repeated winter 

anchor ice formations and ice scour events that cause bed scour and remove macroinvertebrates from 

the bed (Brown et al., 2011). 

Last, stream aggradation and streambank erosion indirectly affect salmonid forage because of the 

possible contributions of instream fine sediment to the channel and the potential shift to smaller 

substrate sizes affecting the compaction of bed material.  Streambank erosion also impacts the 

streamside vegetation affecting availability of terrestrial insects as well as portions of the life stages of 

macroinvertebrates.  Degradation also affects salmonid forage by scouring critical streambed habitat 

and thereby adversely affecting desirable macroinvertebrate populations as represented by EPT taxa. 

High Flow Refugia 

The availability of refugia is a critical habitat component required for fish survival from seasonal flow 

fluctuations and hydrological disturbances such as droughts, floods, and the operational hydrology of 

reservoirs (Sedell et al., 1990; Lancaster and Hildrew, 1993; Lake et al., 2007).  During high flow 

periods, the channel hydraulics and habitat characteristics that hold fish are important to help sustain 

fish populations.  Although streams may have a high mean velocity during runoff or flood events, 

areas along the streambed and banks with low velocities can provide refugia in the presence of 

roughness elements (Ross and Baker, 1983; Sedell et al., 1990).   

In particular, streamside riparian vegetation and instream wood create flow resistance and provide 

roughness elements and eddies that can reduce the exposure of fish to high velocities and excessive 

shear stress during high flows.  Large cobbles and boulders also provide roughness elements and 

pockets of refugia.  The secondary circulation of flows, or seams of fast and slow water, provide refugia 

and profitable feeding positions for fish and are common in channels with low width/depth ratio values 

(Fausch, 1984, 2014).  Deep and frequent pools and back eddies also provide refugia for fish during high 

flow periods due to the turbulence, flow resistance, and low velocities especially near the bed (Sedell et 
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al., 1990).  Off-channel fluvial features including floodplains, side channels, beaver dams, shoreline 

vegetation, and oxbows also provide critical velocity refuges during high flows.  Under high flow 

conditions, increased turbidity can also influence refuge seeking behavior (i.e., and the use of low 

velocity, shallow water areas along channel margins and across floodplain habitats) because turbidity 

provides cover from predators that would not exist under non-turbid conditions.    

Stream classification is also used as a criterion to rate high flow refugia because it directly integrates the 

dominant substrate size, width/depth ratio, entrenchment ratio, floodplain access and slope and 

indirectly integrates bankfull velocity characteristics.  Furthermore, stream instability related to 

aggradation can adversely affect the holding cover by filling in pools with excess sediment and creating 

high width/depth ratio channels.  Channel degradation can prevent access to important seasonal and 

off-channel fluvial features, such as high flow refugia provided by flooded vegetation and off-channel 

habitats.   

Low Flow & Winter Refugia  

Aquatic communities require refugia from environmental extremes, especially during summer periods 

when surface water temperatures are the warmest, winter baseflow periods when icing conditions 

promote frazil ice (submerged ice crystals in suspension) and anchor ice (formed and initially attached 

to bed particles), and dewatering.  Low flow refugia is associated with sufficient baseflows and 

depths, groundwater inflows, access to off-channel features and frequent, deep pools with low 

thalweg velocities, and low width/depth ratio streams that are not subjected to excess sediment 

deposition (Sedell et al., 1990).  Streams with a defined inner berm (low flow channel) concentrate 

flows to maximize stream depths and more efficiently route sediment. 

Low width/depth ratio streams and conditions that minimize turbulence are also desirable during winter 

in northern climates to encourage streams to form a protective ice cap.  Forming a solid surface ice cover 

helps reduce super-cooling and repeated frazil and anchor ice formations by insulating the water column 

promoting groundwater heat exchange where salmonids often aggregate (Cunjak and Power, 1986; 

Chisholm et al., 1987; Brown, 1999; Annear et al., 2002; Brown et al., 2011).  Low velocities under a solid ice 

cap also increase survival rates as fish can minimize movement and conserve energy (Annear et al., 2002).  

Because the metabolism of fish slows during winter and they feed less due to lower water temperatures, 

fish often abandon profitable feeding positions and seek winter refuge (Fausch, 1984, 2014; Cunjak and 

Power, 1986; Brown and Mackay, 1995; Brown et al., 2011).  Large fish tend to seek refuge in deep pools 

with lower velocities whereas small fish prefer the interstitial spaces in larger channel substrates 

(Hartman, 1965; Cunjak and Power, 1986; Chisholm et al., 1987; Griffith and Smith, 1993; Brown and 

Mackay, 1995; Jakober et al., 1998; Muhlfeld et al., 2001; Annear et al., 2002; Linnansaari et al., 2008; Brown 

et al., 2011).  Fish also seek velocity refuge in the eddies created downstream of large cobble and boulders 

(Simpkins et al., 2000). 

Additionally, woody riparian vegetation or dense grasses and grass-like perennials help reduce elevated 

surface water temperatures with shading during summer and provide low flow and winter refugia for 

fish in undercut streambanks and deep pools (Griffith and Smith, 1993; Cunjak, 1996; Brown et al., 2011; 

Kratzer and Warren, 2013).  A high density of instream wood can also create pools and provide cover 

associated with greater abundances in salmonids (Kratzer and Warren, 2013).  Instream wood and 
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vegetation also serve as important attachment and initiation sites for frazil ice that can lead to the 

formation of solid ice caps in winter (Beltaos, 1995). 

During summer baseflows, groundwater entering the channel from upwelling can help lower stream 

water temperatures (Ebersole et al., 2003; Lake et al., 2007; Pierce et al., 2014).  Access to floodplain 

features, side channels, beaver ponds, and oxbows can provide low flow and winter refugia, reduce 

potential mortality and out-migrating fish during winter, and help retain food supplies during baseflow 

periods (Collen and Gibson, 2001; Chisholm et al., 1987; Lindstrom and Hubert, 2004; Brown et al., 2011).  

Stream classification is used as a criterion to rate low flow and winter refugia because it directly 

integrates dominant substrate size, width/depth ratio, entrenchment ratio, and slope and indirectly 

integrates velocity characteristics. 

Stream aggradation and degradation can result in decreases in habitat quality during low flow and 

winter periods; unstable conditions may force fish to move and expend energy and increase the risk 

for predation (Brown and Mackay, 1995; Cunjak, 1996; Lindstrom and Hubert, 2004).  Degradation 

limits access to off-channel fluvial features such as beaver ponds that can provide critical low flow and 

winter refugia.  Aggradation fills in pools and the interstitial spaces among rocks with excess sediment 

and creates high width/depth ratio channels that lack an inner berm feature.  Such conditions promote 

open water areas with increased turbulence that lead to the super-cooling of water with frazil and 

anchor ice development that can negatively affect aquatic macroinvertebrates and fish movement with 

increases in mortality (Maciolek and Neeham, 1952; Frisbie and Lee, 1997; Jakober et al., 1998; 

Simpkins et al., 2000; Annear et al., 2002; Brown et al., 2011).   

Overhead Cover 

Overhead cover comprised of overhanging, streamside vegetation and woody debris above the 

bankfull channel provides salmonids with protection from predation and can be a significant source of 

forage from terrestrial invertebrates (Baxter et al., 2005).  Overstory stands of vegetation also provide 

shading that reduces surface water temperatures during low flow summer periods.  During winter 

periods, riparian vegetation can insulate smaller streams to a certain degree, encouraging surface ice 

formation that provides overhead cover and reduces the potential for anchor ice and ice-jam formation 

and breakup.  Deep-rooted and dense grasses and grass-like species can also provide overhead cover 

on small-sized, low width/depth ratio channels. 

Streambank erosion often associated with stream aggradation and degradation can greatly affect 

overhead cover by eliminating riparian vegetation.  Aggradation is related to high width/depth ratio 

channels that have less availability of overhead cover along the streambanks as a function of larger 

channel widths.  Degradation leads to a lowered water table and decreased riparian vegetation and 

can also limit the access to off-channel features that provide overhead cover. 
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Instream Cover 

As a key structural component to aquatic habitat, instream cover provides aquatic species protection 

from predators (or competitors) and a place to rest and conserve energy in profitable stream positions 

(Fausch, 1984, 2014; Cunjak and Power, 1986, 1987; Muhlfeld et al., 2001; Brown et al., 2011).  Deep pools 

provide instream cover due to turbulence created from secondary circulation.  Undercut banks formed 

by the presence of dense and deep-rooted riparian vegetation in addition to instream vegetation also 

provide instream cover.  Large instream wood also provides concealment cover for predator avoidance 

(Bugert et al., 1991; Everett and Ruiz, 1993; Keeley and Slaney, 1996), in addition to the interstitial spaces 

between large cobble and boulders and associated pocket water habitat.  

Cover availability and pool types are greatly influenced by stream type and channel stability.  

Stream type ratings directly incorporate dominant substrate type and can infer the potential for 

undercut banks; for example, stable E stream types with dense grasses and grass-like perennials 

often contain undercut banks on both sides of the channel.  Streambank erosion can eliminate 

riparian vegetation and bank cover along the stream margins in addition to increasing the sediment 

supply.  Stream aggradation and degradation can eliminate important pool habitat.  Degradation 

can also be especially damaging for younger life stages of fish by limiting off-channel access to 

features that provide instream cover.  Adequate streamflows and depths during low flow periods 

are also critical to maintain access to cover features.  High width/depth ratio channels influenced by 

excess sediment deposition preclude potential cover areas related to insufficient depths even with 

suitable baseflows. 

Spawning Habitat   

Salmonids are selective in their choice of spawning substrate and bedform features used for 

reproduction.  Salmonids tend to spawn in glide areas (the transitional area between the tailout of 

pools and start of riffles) associated with hyporheic exchange including downwelling and 

upwelling that provide well-oxygenated water to developing embryos over the incubation period 

in addition to cleaning fine material from gravels due to upward hydraulic forces (Hobbs, 1937; 

Briggs, 1953; Scott and Crossman, 1973; Tautz and Groot, 1975; Keeley and Slaney, 1996; Baxter and 

Hauer, 2000; Geist, 2000). 

Spawning habitat for salmonids is directly associated with the channel substrate, water depths, and 

velocities.  The best spawning habitat is typically associated with clean and uncompacted gravels that 

provide highly permeable interstitial spaces to allow sufficient hyporheic exchange and oxygenation of 

embryos (Keeley and Slaney, 1996).  Preference criteria varies by the species and size of fish as larger 

species tend to spawn in areas with larger substrates; larger species also tend to occupy the deepest and 

fastest water and require the largest amount of space for spawning (Keeley and Slaney, 1996).  In general 

terms, suitable spawning habitat is associated with water flows greater than 0.33 ft/sec and 0.33 ft deep 

(mean velocity selected = 1.6 ft/sec and mean depth selected = 1.15 ft; Keeley and Slaney, 1996).  The 

baseflow regime is important to the minimum depths required for spawning. 

Excess instream fine sediment alters spawning habitat by covering up coarse substrate ideal for 

spawning success.  Excess fine sediment can smother eggs in redds or entomb fry within the redd 

resulting in high egg-to-fry mortality (Chapman, 1988; Reiser and White, 1988; Gard, 2002; Fudge et al., 

2008; Jensen et al., 2009).  Excess fine sediment also leads to bed compaction and embeddedness 
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resulting in reduced bed permeability of delivery of water to developing embryos, lower oxygen 

levels, and increased mortality of embryos (Chapman, 1988; Keeley and Slaney, 1996). 

Riparian vegetation and instream wood are also important criteria in the habitat quality rating 

because they can provide cover from predators when located in close proximity to spawning areas 

(Bugert et al., 1991).  Stream classification is used as a criterion because of the direct integration of 

dominant substrate size and width/depth ratio and because velocities can often be estimated.  

Additionally, aggradation adversely affects spawning habitat due to excess fine sediment 

deposition and the related high width/depth ratio channels with lower mean depths and velocities.  

Degradation is associated with high stream velocities and excess shear stress on the bed, which can 

scour spawning habitat.   

Rearing Habitat 

Rearing habitat for feeding and growth of juvenile fish is evaluated based on the availability, 

diversity, and quality of holding cover for a range of flows and seasons.  Rearing habitat often 

includes the same stream reaches used by spawning fish.  Key variables related to rearing include 

depth, velocity, instream and overhead cover, water temperatures, and substrate type.  In general, 

stream velocities, depths, and substrate sizes increase as fish sizes increase (Keeley and Slaney, 1996); 

therefore, a diversity of habitat characteristics provides the best rearing habitat to accommodate 

different life stages of salmonids.   

Interstitial spaces between large gravel, cobble, and boulders and small pocket water with hiding 

cover and velocity refuge from boulders offer rearing habitat (Keeley and Slaney, 1996).  

Additionally, areas with locally warmer water temperatures are particularly important in 

maximizing growth rates of young fish and increasing survival rates.  Side channels, instream 

vegetation, floodplains during high flows, pools, instream wood, oxbows, beaver ponds, and low 

velocity areas especially along the vegetated streambanks with cover are important rearing 

features.  Floodplain habitats are especially productive rearing environments associated with 

enhanced juvenile growth and survival due to available terrestrial-derived food sources and 

warmer water temperatures compared to the adjacent perennial channel (Hartman and Brown, 

1987; Fausch et al., 2002; Sommer et al., 2001, 2005).   

Channel degradation can be related to higher channel velocities and limits access to critical off-channel 

features important to rearing.  Also, compacted streambeds can eliminate the crevices between 

particles that provide rearing habitat. 

5. Develop a Master Plan for Watershed Restoration 

Once the limiting factors are identified and understood following the watershed and site-level 

assessments, a master plan for the watershed can be developed that prioritizes areas for restoration 

(Figure 176).  Defined largely by high-valued fish populations (e.g., ESA-listed fish), high, moderate, 

and low priority streams can be identified with input from stakeholders.  Prioritization can be based 

on biological values and social conditions (e.g., landowner cooperation, cost, and feasibility).   
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The master plan must also identify areas where passive restoration strategies can be prescribed for 

reaches that have a high recovery potential if the causes of impairment or limiting factors are 

adequately addressed.  Passive methods should consider the anticipated recovery times to meet 

project goals.  Prescriptions may include correcting land management issues, such as excessive 

grazing, dewatering, and screening irrigation ditches.  Table 31 reflects general management 

interpretations of recovery potential by stream type.   

For reaches where passive restoration will not adequately offset limiting factors within a reasonable 

timeframe, active restoration is recommended to restore/enhance the aquatic habitat to support 

various aquatic species and life stages.  A natural channel design approach (Rosgen, 2007, 2011a, 

2018, in development) is recommended that focuses on emulating the natural reference conditions to 

which native salmonids have adapted; it is critical that the restoration creates aquatic habitat 

conditions that are compatible with geomorphic functioning (i.e., transporting the sediment and 

flow of the watershed).  A variety of restoration scenarios are developed to address the limiting 

factors at the representative or typical impaired stream type and landscape type locations using the 

appropriate reference or potential functioning condition to direct the restoration targets.  These 

scenarios are then extrapolated to other priority reaches with similar conditions as identified in the 

assessment.  It is critical that all restoration addresses the sources of impairment rather than the 

symptoms. 

The master restoration plan is the basis to secure funding and permits.  Based on a watershed master 

plan developed for the Trail Creek Watershed to reduce accelerated sediment yields following the 

Hayman Fire of 2002 (Rosgen and Rosgen, 2010; Rosgen, 2011a,b,c), an individual 404 permit was 

issued for the entire watershed to be implemented over a 20-year period.  The plan documented the 

restoration objectives, priorities, various design scenarios for a diversity of sediment problems, and 

earthwork computations.  Although the project goal included more elements than that of recovering 

fish populations, the master-planning framework is the same while the assessments and prescriptions 

are adapted to meet the project goals.  

 

 
Figure 176.  High priority and low priority restoration sites identified for the Blackfoot River basin, Montana 
(provided by R. Pierce). 

  

High Priority Low Priority 



 

 

 246 

  

Table 31.  Generalized management interpretations by stream type (Rosgen, 1994, 1996). 

Stream Type 
Sensitivity to 
Disturbance 

Recovery 
Potential 

Sediment  
Supply 

Streambank 
Erosion Potential 

Vegetation 
Controlling 
Influence 

A1 Very Low Excellent Very Low Very Low Negligible 

A2 Very Low Excellent Very Low Very Low Negligible 

A3 Very High Very Poor Very High Very High Negligible 

A4 Extreme Very Poor Very High Very High Negligible 

A5 Extreme Very Poor Very High Very High Negligible 

A6 High Poor High High Negligible 

B1 Very Low Excellent Very Low Very Low Negligible 

B2 Very Low Excellent Very Low Very Low Negligible 

B3 Low Excellent Low Low Moderate 

B4 Moderate Excellent Moderate Low Moderate 

B5 Moderate Excellent Moderate Moderate Moderate 

B6 Moderate Excellent Moderate Low Moderate 

C1 Low Very Good Very Low Low Moderate 

C2 Low Very Good Low Low Moderate 

C3 Moderate Good Moderate Moderate Very High 

C4 Very High Good High Very High Very High 

C5 Very High Fair Very High Very High Very High 

C6 Very High Good High High Very High 

D3 Very High Poor Very High Very High Moderate 

D4 Very High Poor Very High Very High Moderate 

D5 Very High Poor Very High Very High Moderate 

D6 High Poor High High Moderate 

DA4 Moderate Good Very Low Low Very High 

DA5 Moderate Good Low Low Very High 

DA6 Moderate Good Very Low Very Low Very High 

E3 High Good Low Moderate Very High 

E4 Very High Good Moderate High Very High 

E5 Very High Good Moderate High Very High 

E6 Very High Good Low Moderate Very High 

F1 Low Fair Low Moderate Low 

F2 Low Fair Moderate Moderate Low 

F3 Moderate Poor Very High Very High Moderate 

F4 Extreme Poor Very High Very High Moderate 

F5 Very High Poor Very High Very High Moderate 

F6 Very High Fair High Very High Moderate 

G1 Low Good Low Low Low 

G2 Moderate Fair Moderate Moderate Low 

G3 Very High Poor Very High Very High High 

G4 Extreme Very Poor Very High Very High High 

G5 Extreme Very Poor Very High Very High High 

G6 Very High Poor High High High 
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6. Implement Restoration and Management Treatments   

Once funding is secured, pilot projects should be implemented to demonstrate effectiveness of 

management and restoration treatments at locations with high value fisheries, obvious problems, and 

conservation-minded landowners.  Pilot projects can take many forms, such as: 

• Restoration that secures the geomorphic and biological functioning and creates habitat 

diversity related to the reach potential by offsetting limiting factors for specific species and life 

stages caused by land uses.    

• Consolidating diversions and upgrading ditches to create efficient conveyance systems, 

installing self-cleaning fish screens, and installation of simple fish ladders at diversion points, 

while leaving salvage water instream and protecting fish from abandonment. 

• Develop riparian grazing systems with off-stream water in conjunction with some combination 

of the above. 

• Reshape stream dimensions to match diminished flows to increase depths during baseflow 

periods 

• Re-establish a woody riparian corridor and introduce instream wood that is compatible with 

geomorphic functioning; toe wood is often a good option for streambanks to decrease 

accelerated streambank erosion and the associated introduction of fine sediments into the 

stream system.  

Following successful completion of pilot projects that meet project goals (based on effectiveness 

monitoring as discussed in Phase 7), additional funding can be secured more easily for other high 

priority areas; landowner educational tours can be extremely effective in communicating fish 

responses and project outcomes.  It is critical that land management issues be corrected for all active 

restoration projects. Last, to be successful, qualified stream construction and consultants with river 

experience should be used for the implementation. 

7. Monitor Effectiveness of Treatments & Apply Adaptive Management   

Effectiveness monitoring is critical to determine if management and restoration treatments meet 

project goals and expectations.  Monitoring should emphasize expensive, risky, socially-complex 

projects or experimental techniques and demonstration projects.  Long-term population monitoring 

(>20 years) should be conducted at multiple spatial scales ranging from the tributary stock (reach to 

tributary scale) to the metapopulation scale (river) to assess response trends.  Monitoring of restoration 

should also provide strong educational and adaptive management components with cooperators and 

stakeholders to help ensure transparency and effectiveness (Roni, 2005; Pierce et al., 2013; Penaluna et 

al., 2016).  

Monitoring plans at the reach scale are based on measurable objectives that define restoration targets 

and offset the identified limiting factors.  Detailed fish population and habitat/geomorphic surveys can 

be used to compare pre-treatment baseline (treatment and reference) and post-treatment repeat 

surveys for 5‒10 years (e.g., Figure 177). 

During the monitoring process, it is important to continue to meet with various agency collaborators 

and landowners and apply adaptive management as needed.  “Lessons learned” should be reported to 
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improve methods, educate others, and demonstrate cumulative fish population responses.  Continued 

involvement with stakeholder groups and educational opportunities are critical to successfully recover 

salmonid species in a watershed through restoration, monitoring, management, and protection (e.g., 

Figure 178).  Achievements should be celebrated with all. 

 
Figure 177.  On the left are estimates of total trout abundance at 23 reference sites by calendar year. On 
the right is the average total trout abundance by years post-treatment (+/- 95% CI) for 18 restored 
streams.  The solid yellow line represents the grand average of total trout abundance for all monitoring 
observations in reference sites.  Note: this grand average incorporates both year-to-year and stream-to-
stream variation in the reference dataset (provided by R. Pierce). 

 
Figure 178.  Providing an educational opportunity to the community while tracking 
fish movements (provided by R. Pierce). 
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CONCLUSIONS 

We respect and applaud the extensive efforts to implement the CHaMP program, including 

exceptional coordination, training, and consistent applications with experienced personnel.  However, 

we discovered shortcomings that hinder the ability of CHaMP to successfully meet the overarching 

RPA (56 and 57) actions of: 

• Monitoring and evaluating tributary habitat conditions and limiting factors (RPA 56), including: 

‒ Quantifying relationships between habitat conditions and fish productivity (limiting 

factors) to improve development and parameterization of models for planning and 

implementation of habitat projects (RPA 56.1) 

‒ Implementing habitat status and trend monitoring as a component of pilot studies in 

various watersheds (RPA 56.2) 

‒ Facilitating an ongoing collaboration process to develop a regional strategy for habitat 

status and trend monitoring for key ESA fish populations (RPA 56.3) 

• Evaluating the effectiveness of tributary habitat actions (RPA 57) 

Regarding RPA 56, the CHaMP program has numerous limitations that impede efforts to 

accurately describe tributary habitat conditions and identify limiting factors.  CHaMP’s study 

design and field data collection do not explicitly address adverse human alterations or otherwise 

directly facilitate restoration actions, including the ability to identify human-induced limiting 

factors for target salmonids.  Human-induced limiting factors are defined as any human-related 

impairment that impedes the population dynamics and biological potential of a target species 

(Hubert and Bergersen, 1998; Bain and Stevenson, 1999).  Various CHaMP habitat metrics clearly 

lend themselves to limiting factors analyses (e.g., pool frequency, channel complexity, fish cover, 

LWD volume, stream temperature, riparian vegetation), yet relevant metrics that more directly 

apply to human-induced impairment (e.g., bank stability, benthic invertebrate communities, DO, 

nutrients, Rosgen Classification, pesticides, and heavy metals) were excluded from CHaMP for 

varying reasons (see Bouwes et al., 2011, table 2, p. 12).  Lacking this type of information, the eight 

habitat attributes that affect the growth and mortality of salmonids identified in the CHaMP 

protocol (i.e., food, temperature, activity, starvation, predation, physical processes, water quality, 

and migration barriers; Bouwes et al., 2011) cannot be readily described in applied restoration terms 

or readily applied to restoration planning. 

Similarly, CHaMP’s study design parameters do not incorporate human-related habitat conditions 

(e.g., impaired streams versus reference streams) or consider the nonrandom and often patchy nature 

of human impairments within and among watersheds (e.g., EPA’s 303d impaired streams, diversion 

points, mining areas, agricultural bottom lands).  While CHaMP includes important habitat metrics 

that help describe anthropogenic aspects of habitat condition (e.g., riparian structure, instream fine 

sediment, water temperature), human land-use metrics that are also critically important are not 

included (e.g., overgrazed riparian areas, dewatering, and water quality impairments).  Efforts must 

utilize existing research available within the BiOp mitigation area to better focus restoration to 

specific problem areas.  The negative effects of harvest, hatcheries, habitat, and hydroelectric facilities 
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on anadromous salmonids in the Columbia Basin represent one of most extensive bodies of scientific 

literature in fisheries biology.  Applied research specific to essential life history tactics (e.g., Raleigh et 

al., 1984; Kerwin, 1999; Quinn, 2005), habitat conditions and requirements of anadromous salmonids 

(e.g., Raleigh and Miller 1986; Bjorn and Reiser, 1991; Overton et al., 1995, 1997; Bergendorf, 2002; 

McHugh and Budy, 2004; Meredith et al., 2012), and human-induced limiting factors (e.g., 

Andonaegui, 1999; Kerwin, 1999; Smith and Wenger, 2001; Bergendorf, 2002; Crozier et al., 2014) have 

all been identified as a basis for advancing the concepts of restoration planning and implementation. 

Regarding RPA 56.1, although we did not explicitly investigate CHaMP-related models (NREI, HSI, 

QRF models), juvenile salmon carrying capacity predicted from the NREI model was correlated with 

observed Steelhead densities at the reach level (Wall et al., 2016), and the NREI model has been used 

for planning and implementation of habitat actions (see Wall et al., 2017).  However, the complexities 

inherent in CHaMP models along with absence of anthropogenic stream condition data currently 

preclude widespread use of the tools by many field practitioners.  Appropriate use of these tools 

requires better scientific communication of the models, their data inputs and assumptions, and 

model validation. 

In relation to RPA 56.2, CHaMP was implemented as a habitat status and trend monitoring 

program in eight pilot watersheds from 2011 through 2017.  However, field method changes and 

high sampling variability and errors (e.g., subjective field methods and temporal variability) limit 

opportunities to directly compare interannual surveys and accurately quantify habitat status and 

trends.  Nevertheless, much of the data can be used for local and general habitat assessments with 

further analyses to improve metric values; further analyses include stratifying data by fluvial 

landscape type, stream type, condition, and bed feature (e.g., rapids, riffles, runs, pools, glides, 

steps) to help explain variance.  Additionally, the DEMs can be reanalyzed to produce usable 

metrics for various assessments and have excellent utility for modeling applications.  Much of the 

auxiliary data can also be used for management, restoration, and modeling applications, including 

water temperature, conductivity, large woody debris, measured substrate, and discharge.  

However, specific metrics were found to be largely unrepeatable and not standard to habitat 

assessments; these metrics should be eliminated from the dataset, including estimates of cobble 

embeddedness, certain fish cover elements, Fast Water Non-Turbulent channel units, and 

macroinvertebrate drift.  We also see no value in the “upscaled” or “rolled up” metrics that are 

intended to describe the watershed condition. 

Pertaining to RPA 56.3 — facilitating an ongoing collaboration process — we find that obtaining 

and applying CHaMP data has been difficult for many practitioners working toward solving on-

the-ground problems that exist within CHaMP watersheds.  Unfortunately, CHaMP data is 

unused by many practitioners within the restoration community.  Reasons for this include the 

difficulty in obtaining data through the database or CHaMPmonitoring.org, the complex format of 

the underlying data (e.g., GIS-based topographic survey data), and the questionable utility of 

certain data from an applied perspective. 

Regarding RPA 57, we find that CHaMP’s study design (i.e., frequent sampling of sites 

randomly selected using GRTS) is poorly suited to evaluate the effectiveness of tributary 
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habitat actions.  However, we do recognize certain restoration sites were added to the core 

CHaMP sampling frame for this purpose. 

To meet all RPA action items, we recommend that future efforts use a more efficient, practical, 

and cost-effective watershed-based approach to produce more accurate data that is useful for 

both restoration and modeling applications.  This watershed-based approach has been 

successfully applied for decades to assess and restore river systems and salmonid habitat, 

including assessment, restoration, and 30 years of monitoring in the Blackfoot River Basin in 

Montana.  Future efforts must be aimed at understanding the human-induced limiting factors 

of salmonid habitat and must include stakeholder involvement.  Geomorphic and biological 

assessments conducted at multiple spatial scales are critical to understand the sources of 

impairment and associated consequences as related to potential functioning conditions.  

Following such assessments, and based on the biological values and social conditions, 

restoration and management strategies can be prioritized and prescribed (with effectiveness 

monitoring) to offset the habitat limiting factors and ultimately assist in the recovery of high-

valued fish populations. 
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List of Interviews & Correspondence with Key CHaMP Personnel 

The following is a list of interviews and correspondence between our team members and key 

CHaMP personnel and other people of interest to obtain additional information about CHaMP.  All 

people listed were willing and agreeable to provide us with any information and data requested. 

• LAUREL FAUROT (Quantitative Consulting, Inc) 

➢ Meeting in Salmon, Idaho, on 11-6-17 and 11-7-17 with Ron Pierce, Dave Rosgen, 

Brandon Rosgen, Michael Geenen, & Jim Nankervis  

• DAN BERTRAM (USBSP) and JEFF DILUCCIA (IDFG Lemhi Fisheries Biologist) 

➢ Meeting in Salmon, Idaho, on 11-8-17 with Ron Pierce, Dave Rosgen, Brandon Rosgen, 

Michael Geenen, & Jim Nankervis 

• CHRIS BEASLEY (Quantitative Consulting, Inc) 

➢ Meeting in Boise, Idaho, on 11-16-17 from 8:00 am – 12:00 pm with Dave Rosgen, 

Brandon Rosgen, & Jim Nankervis  

• BOYD BOUWES (Watershed Solutions, Inc.)   

➢ Interview/Meeting in Boise, Idaho, on 11-15-17 with Dave Rosgen, Brandon Rosgen, & 

Jim Nankervis  

• MATT NAHORNIAK (South Fork Research) 

➢ Email Correspondence between Matt and Dave to explain CHaMP data 

• NICK BOUWES (Eco Logical Research, Inc) 

➢ Discussion on 11-28-17 from 2‒3:30 pm with Ryan Kovach 

• AMY CASSEL (Idaho Department of Water Resources)   

➢ Phone call on 11/4/17 and e-mails between Amy and Jim Nankervis 

• PHILIP BAILEY (North Arrow Research)  

➢ Phone call with Jim Nankervis and Brandon Rosgen  

• JOE WHEATON (Utah State University)  

➢ Numerous e-mail exchanges to obtain CHaMP information 

➢ Phone discussion on 12-20-17 with Ryan Kovach 

➢ Phone discussion on 1-10-18 with Dave Rosgen, Jim Nankervis, Brandon Rosgen, and 

Darcie Geenen  
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• CAROL VOLK (South Fork Research) 

➢ Phone discussion on 1-5-18 between Carol and Andrea Taillacq   

➢ Numerous email correspondences in response to information and data requests 

➢ Meeting in Fort Collins, Colorado, on 1-24-18 with Dave Rosgen, Brandon Rosgen, Jim 

Nankervis, Darcie Geenen, and Andrea Taillacq 

• SETH WHITE (Columbia River Inter-Tribal Fish Commission (CRITFC)) 

➢ Phone discussion on 1-8-18 with Dave Rosgen  

• PHIL RONI (Cramer Fish Services) 

➢ Phone discussion on 1-17-18 with Dave Rosgen and Ron Pierce     
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Exporting CHaMP Topographic Survey & DEM Data and Comparing to 
Wildland Hydrology Geomorphic Survey 

 
Overview:  A geomorphic survey and data analysis was conducted on Canyon Creek by trained 
geomorphologists using standard survey techniques documented in Rosgen (1996, 2006, 2014) and Harrelson 
et al. (1994).  The purpose of the survey was to compare the geomorphic data to CHaMP’s data generated 
from the topographic survey and DEM.  This document includes the procedure we used to compare the data 
between surveys, including how we extracted longitudinal profiles and cross‐sections from CHaMP’s DEM.  We 
recommend analyzing CHaMP data using the following extraction procedure (see “General Recommendations 
for Topographic Surveys & Alternative Methods” within the “RECOMMENDATIONS” section of the report for 
more information).  Overall, the survey comparisons show that CHaMP data can be reanalyzed to generate 
standard variables and classify stream types (provided floodplain surfaces were adequately captured). 

 
Geomorphic Analysis – Wildland Hydrology Survey  
Site: CBW05583‐049615 – Canyon Creek  Stream Type: Rosgen C4 
Geomorphic Survey Date: 11‐19‐2017    Crew: Jim Nankervis, Brandon Rosgen, Dave Rosgen, Ron Pierce  
 

1) Import Geomorphic Survey Data for Analysis into AutoCAD Civil 3D (CAD) 

a. Longitudinal Profile (long pro) to include Thalweg, Water Surface, Bankfull, Inner Berm (TH, WS, BKF, IB) 

b. Cross‐Sections for Riffle, Run, Pool, and GIide (XSR, XSU, XSP, XSG) collected   
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2) Create Alignments in CAD 

a. Standard CL down center of channel 

b. To be used as baseline fix alignment for comparison for all years 

c. Cross‐Sections to be used as baseline fixed alignments for comparison for all years 

d. Purpose to get cross‐section and long pro data in a station offset format for analysis 

e. Data compared to all years using same alignments (positions) of the tins and points 

 

 

 

 

 

 

 

 

 

 

 

 

Center Alignment 
Used for Long Pro  Cross‐Section 

Alignments 
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3) Data for Cross‐Sections and Long Pro exported out based on alignments stationing 

a. Station, Elevation Format 

b. To be used for Hydraulic Calculations and Geomorphic Parameters/Ratios (RIVERMorph)  

 

          

               (example of cross‐section exported data)                    (example of long profile data exported) 

 

 

 

 

 

 

 

 

 

Point Station Elevation Description
10469 0.84 6551.22 XSR

10470 3.89 6550.86 XSR

10471 8.06 6550.81 XSR

10472 10.62 6550.31 XSR

10473 13.42 6550.25 XSR

10474 16.54 6550.24 BKF

10475 17.32 6550.17 XSR

10476 17.88 6550.08 XSR

10477 18.89 6549.93 XSR

10478 19.45 6549.81 XSR

10479 19.74 6549.10 LEW

10480 20.19 6548.88 XSR

10481 21.44 6548.77 XSR

10482 22.63 6548.75 XSR

10483 23.93 6548.36 XSR

10484 25.71 6548.31 XSR

10485 27.49 6548.26 XSR

10486 28.31 6548.57 XSR

10487 28.51 6548.51 XSR

10488 28.79 6550.43 XSR

10489 30.41 6551.62 XSR

10490 31.62 6551.98 XSR

10491 32.26 6552.19 XSR

Point Station Elevation Description
10051 110.36 6547.05 TH

10052 113.58 6547.01 TH

10421 115.81 6548.19 WS

10053 117.40 6546.54 TH

10054 119.12 6546.33 TH

10056 123.73 6546.41 TH

10057 126.82 6546.47 TH

10419 128.35 6548.17 WS

10058 128.38 6546.66 TH

10059 129.95 6547.11 TH

10387 130.83 6548.11 WS

10386 131.18 6549.18 BKF

10060 131.62 6547.29 TH

10061 134.35 6547.29 TH

10062 137.06 6547.22 TH

10385 137.82 6547.97 WS

10063 140.06 6547.24 TH

10064 142.51 6547.29 TH

10065 144.77 6547.40 TH

10383 145.03 6547.78 WS

10066 148.79 6547.08 TH

10073 149.77 6547.62 WS

10067 155.35 6546.74 TH
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4) Geomorphic Data Analysis on Long Pro and Cross‐Sections 

a. Plot and Calculate Cross‐Section Parameters at Bankfull Stage (RIVERMorph) 

i. Area, Width, Width/Depth, Mean Depth, Max Depth 
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b. Plot Long Pro and Calculate Parameters at Bankfull Stage (RIVERMorph) 

i. Calculate Ratios; Slope, Max Depth, Length, etc., for all features (i.e., riffles, runs, 

pools, glides) 
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5) Calculate Pattern Data in CAD 

a. Use survey data to measure the radius of curvature, belt width, meander wavelength, etc.) 

 
 

 

Meander 
Wavelength (MWL) 

Belt Width 
(Wblt) 

Radius of 
Curvature (ROC) 
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6) Input in Particle Data (RIVERMorph) 
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7) Compute Geomorphic Relationships to Ratios for Evaluation (RiverMOPRH) 

a. Based on Riffle BKF width 

b. Uses combination of cross‐section data, long pro data, pattern data, and particle data 

 

Date:

Riffle Dimensions*, **, *** Mean Min Max Riffle Dimensions & Dimensionless Ratios**** Mean Min Max

Riffle Width (Wbkf ) 15.08 12.2 16.7 ft Riffle Cross-Sectional Area (Abkf ) (ft
2) 17.74 16.72 18.98

Mean Riffle Depth (dbkf ) 1.19 1.07 1.37 ft Riffle Width/Depth Ratio (Wbkf  / dbkf ) 12.95 8.88 15.36

Maximum Riffle Depth (dmax) 1.92 1.77 2.03 ft Max Riffle Depth to Mean Riffle Depth (dmax / dbkf ) 1.63 1.44 1.90

Width of Flood-Prone Area (Wf pa) 100 100 100 ft Entrenchment Ratio (Wf pa / Wbkf ) 6.77 6.00 8.22

Riffle Inner Berm Width (Wib) 9.54 8.87 10.2 ft Riffle Inner Berm Width to Riffle Width (Wib / Wbkf ) 0.68 0.62 0.73

Riffle Inner Berm Depth (dib) 0.7 0.5 0.9 ft Riffle Inner Berm Depth to Mean Depth (dib / dbkf ) 0.56 0.47 0.66

Riffle Inner Berm Area (Aib) 6.53 5.1 7.97 ft2 Riffle Inner Berm Area to Riffle Area (Aib / Abkf ) 0.39 0.29 0.48

Riffle Inner Berm W/D Ratio (Wib / dib) 15.18 9.87 20.5

Pool Dimensions*, **, *** Mean Min Max Pool Dimensions & Dimensionless Ratios**** Mean Min Max

Pool Width (Wbkf p) 16.91 16.9 16.9 ft Pool Width to Riffle Width (Wbkf p / Wbkf ) 1.12 1.12 1.12

Mean Pool Depth (dbkf p) 1.57 1.53 1.61 ft Mean Pool Depth to Mean Riffle Depth (dbkf p / dbkf ) 1.32 1.29 1.35

Pool Cross-Sectional Area (Abkf p) 26.59 25.9 27.3 ft Pool Area to Riffle Area (Abkf p / Abkf ) 1.50 1.46 1.54

Maximum Pool Depth (dmaxp) 3.04 2.69 3.38 ft Max Pool Depth to Mean Riffle Depth (dmaxp / dbkf ) 2.55 2.26 2.84

Pool Inner Berm Width (Wibp) 10.2 9.31 11.1 ft Pool Inner Berm Width to Pool Width (Wibp / Wbkf p) 0.60 0.55 0.66

Pool Inner Berm Depth (dibp) 1.09 0.93 1.25 ft Pool Inner Berm Depth to Pool Depth (dibp / dbkf p) 0.70 0.58 0.81

Pool Inner Berm Area (Aibp) 10.94 10.3 11.6 ft2 Pool Inner Berm Area to Pool Area (Aibp / Abkf p) 0.41 0.38 0.45

Point Bar Slope (Spb) 36.25 36.00 36.50 ft/ft Pool Inner Berm Width/Depth Ratio (Wibp / dibp) 9.71 7.48 11.94

Run Dimensions* Mean Min Max Run Dimensionless Ratios**** Mean Min Max

Run Width (Wbkf r) 13.79 13.8 13.8 ft Run Width to Riffle Width (Wbkf r / Wbkf ) 0.91 0.91 0.91

Mean Run Depth (dbkf r) 1.49 1.49 1.49 ft Mean Run Depth to Mean Riffle Depth (dbkf r / dbkf ) 1.25 1.25 1.25

Run Cross-Sectional Area (Abkf r) 20.55 20.6 20.6 ft Run Area to Riffle Area (Abkf r / Abkf ) 1.16 1.16 1.16

Maximum Run Depth (dmaxr) 2.86 2.86 2.86 ft Max Run Depth to Mean Riffle Depth (dmaxr / dbkf ) 2.40 2.40 2.40

Run Width/Depth Ratio (Wbkf r / dbkf r) 9.26 9.26 9.26 ft

Glide Dimensions* Mean Min Max Glide Dimensions & Dimensionless Ratios**** Mean Min Max

Glide Width (Wbkf g) 14.11 14.1 14.1 ft Glide Width to Riffle Width (Wbkf g / Wbkf ) 0.94 0.94 0.94

Mean Glide Depth (dbkf g) 1.36 1.36 1.36 ft Mean Glide Depth to Mean Riffle Depth (dbkf g / dbkf ) 1.14 1.14 1.14

Glide Cross-Sectional Area (Abkf g) 19.2 19.2 19.2 ft Glide Area to Riffle Area (Abkf g / Abkf ) 1.08 1.08 1.08

Maximum Glide Depth (dmaxg) 1.93 1.93 1.93 ft Max Glide Depth to Mean Riffle Depth (dmaxg / dbkf ) 1.62 1.62 1.62

Glide Width/Depth Ratio (Wbkf g / dbkf g) 10.38 10.4 10.4 ft/ft Glide Inner Berm Width/Depth Ratio (Wibg / dibg) 11.16 11.16 11.16

Glide Inner Berm Width (Wibg) 10.37 10.4 10.4 ft Glide Inner Berm Width to Glide Width (Wibg/Wbkf g) 0.74 0.74 0.74

Glide Inner Berm Depth (dibg) 0.93 0.93 0.93 ft Glide Inner Berm Depth to Glide Depth (dibg / dbkf g) 0.68 0.68 0.68

Glide Inner Berm Area (Aibg) 9.65 9.65 9.65 ft2 Glide Inner Berm Area to Glide Area (Aibg / Abkf g) 0.50 0.50 0.50

Mean Min Max Step Dimensionless Ratios**** Mean Min Max

Step Width (Wbkf s) n/a n/a n/a ft Step Width to Riffle Width (Wbkf s / Wbkf ) n/a n/a n/a

Mean Step Depth (dbkf s) n/a n/a n/a ft Mean Step Depth to Riffle Depth (dbkf s / dbkf ) n/a n/a n/a

Step Cross-Sectional Area (Abkf s) n/a n/a n/a ft Step Area to Riffle Area (Abkf s / Abkf ) n/a n/a n/a

Maximum Step Depth (dmaxs) n/a n/a n/a ft Max Step Depth to Mean Riffle Depth (dmaxs / dbkf ) n/a n/a n/a

Step Width/Depth Ratio (Wbkf s / dbkf s) n/a n/a n/a

Stream Type:  C 4

Stream: Location: Reach - 049615 Upper Canyon Creek (ft)Upper Canyon Creek

Valley Type:Observers: 11/27/17

Step Dimensions**

River Reach Dimension Summary Data…..1
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Date:

Streamflow: Estimated Mean Velocity at Bankfull Stage (ubkf ) ft/sec Estimation Method

Streamflow: Estimated Discharge at Bankfull Stage (Qbkf ) cfs Drainage Area mi2

Geometry Mean Min Max Dimensionless Geometry Ratios Mean Min Max

Linear Wavelength () 112 105 117 ft Linear Wavelength to Riffle Width (/ Wbkf ) 7.44 6.96 7.75

Stream Meander Length (Lm) 177 141 205 ft Stream Meander Length Ratio (Lm / Wbkf ) 11.74 9.36 13.57

Radius of Curvature (Rc) 27.4 23 35.8 ft Radius of Curvature to Riffle Width (Rc / Wbkf ) 1.82 1.52 2.37

71.5 54.5 84.3 ft 4.74 3.61 5.59

Arc Length (La) 59.6 30.5 98.4 ft 3.95 2.02 6.53

Riffle Length (Lr) 40.5 16.2 63.5 ft 2.69 1.07 4.21

Individual Pool Length (Lp) 22 18.5 25.8 ft 1.46 1.23 1.71

85.7 60.5 99.3 ft 5.68 4.01 6.58

Valley Slope (Sv al) ft/ft Average Water Surface Slope (S) ft/ft Sinuosity (Sv al / S) 1.68

Stream Length (SL) ft ft Sinuosity (SL / VL) 3.28

Low Bank Height start 1.5 ft start 1.5 ft Bank-Height Ratio (BHR) start 1

(LBH) end 1.5 ft end 1.5 ft (LBH / dmax) end 1

Facet Slopes Mean Min Max Dimensionless Facet Slope Ratios Mean Min Max

Riffle Slope (Srif ) 0.017 0.008 0.026 ft/ft Riffle Slope to Average Water Surface Slope (Srif  / S) 1.624 0.769 2.419

Run Slope (Srun) 0.024 0.015 0.029 ft/ft Run Slope to Average Water Surface Slope (Srun / S) 2.219 1.451 2.694

Pool Slope (Sp) 0.004 0.002 0.006 ft/ft Pool Slope to Average Water Surface Slope (Sp / S) 0.346 0.183 0.553

Glide Slope (Sg) 0.001 0.000 0.003 ft/ft Glide Slope to Average Water Surface Slope (Sg / S) 0.120 0.001 0.269

Step Slope (Ss) 0.000 0.000 0.000 ft/ft Step Slope to Average Water Surface Slope (Ss / S) 0.000 0.000 0.000

Max Depths
a Mean Min Max Dimensionless Depth Ratios Mean Min Max

Max Riffle Depth (dmaxrif ) 1.84 1.63 2.2 ft 1.55 1.37 1.85

Max Run Depth (dmaxrun) 2.23 1.86 2.5 ft 1.87 1.563 2.1

Max Pool Depth (dmaxp) 2.89 2.16 3.48 ft 2.43 1.815 2.92

Max Glide Depth (dmaxg) 1.45 1.21 1.65 ft 1.22 1.017 1.39

Max Step Depth (dmaxs) 0 0 0 ft 0 0 0

Reach
b

Riffle
c

Bar Reach
b

Riffle
c

Bar

D16 mm

D35 mm

D50 mm

D84 mm

D95 mm

D100 mm

(dmax)

 Max Depth

148.78

21.28

3.76

0

255.99

91.54

0

27.88

63.141

3.606

0.0178 0.01062

Belt Width (Wblt)

Riffle Length to Riffle Width (Lr / Wbkf )

Meander Width Ratio (Wblt / Wbkf )

Pool to Pool Spacing (Ps)

Individual Pool Length to Riffle Width (Lp / Wbkf )

Arc Length to Riffle Width (La / Wbkf )

Max Riffle Depth to Mean Riffle Depth (dmaxrif  / dbkf )

Max Run Depth to Mean Riffle Depth (dmaxrun / dbkf )

Max Pool Depth to Mean Riffle Depth (dmaxp / dbkf )

Max Glide Depth to Mean Riffle Depth (dmaxg / dbkf )

% Sand

36.33

9.61

Stream:

Protrusion Height
d

Location: Reach - 049615 Upper Canyon Creek (ft)Upper Canyon Creek

Valley Type:

0

Observers: 11/27/17 Stream Type:  C 4

Valley Length (VL)

Pool to Pool Spacing to Riffle Width (Ps / Wbkf )

Manning

136.18

% Bedrock

Max Step Depth to Mean Riffle Depth (dmaxs / dbkf )

446.78

% Gravel

% Cobble

% Silt/Clay 3.85

% Boulder

58.66
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CHaMP Data Extraction 

Goal: Evaluate Geomorphic Parameters and Conditions using the past years of CHaMP DEM survey 
data and compare results to the Wildland Hydrology Geomorphic Survey for observations of 
discrepancies and level of possible error using the CHaMP datasets. 
 
Programs Used: AutoCAD Civil3d (CAD), RIVERMorph, and Excel 
Procedure of Evaluation: Creating Base Drawing using CHaMP Exported Data 

 

1) Start Base Drawing for the Year of Evaluation 
a. Import the Geomorphic Survey Alignments for Cross‐Sections and Center of the Channel 

for comparison 
b. Import CHaMP DTM tin .dxf file into CAD 
c. Import CHaMP Survey Data .dxf into CAD 
d. Import CHaMP Survey Data .csv into CAD 
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2) Create Surface from CHaMP DTM data 
a. Use tin lines to create surface in CAD 
b. Use CHaMP Boundary to add to surface in CAD 
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3) Sample Cross‐Section  

a. Sample DTM surface along the Cross‐Section Alignments set up for the baseline 

b. Create profile in CAD from alignment using created surface from DTM lines 

c. Export the Station/Elevation from CAD from the profile geometry tool 
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4) Evaluation of Cross‐Section data to obtain geomorphic values 

a. Sort data in excel into a station, elevation format 

b. Import Cross‐Section Data into RIVERMorph 

c. Use Bankfull Elevation form Geomorphic Cross‐Section for Analysis  

 

 

 
 



Appendix B:14 
 

 

Evaluation of Profile CHaMP Data and Comparison  
 

5) Import TW used in CHaMP evaluation (shp file) 
 

 
 
 
 



Appendix B:15 
 

6) Create Points along the CHaMP imported TW line and assign surface elevations from the DEM 

a. Assign elevation to SHP TW line using the 2011 TIN surface elevations.  Points were created 

every 1ft interval from the surface along the SHP TW line for best accuracy (the 1 ft interval is 

recommended ‒ points can be used every 5ft if desired or the vertices of the SHP TW line; 

however, a 1ft increment was used to better define the channel features from the surface). 
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7) Import CHaMP Outputted Boundary and Cross‐Section Lines for the Bankfull and Wetted Stage 
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8) To determine Bankfull elevation used in DEM model, create points along the imported Bankfull 

line (both left and right side)  

a. This is the boundary used to clip the surface to run calculations and models in CHaMP 

(note that some survey data has Bankfull survey points while other data does not) 
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9) Export created TW points, BKF points survey WS points to create profile and import into 

RIVERMorph for Analysis 

a. Use Same Alignment from Geomorphic Survey so we know stations are the same along 

the river 

b. Same sorting as done before 

 

 

 

   

Point Station Elevation Description

486.00 462.24 6542.14 to

489.00 461.81 6542.40 tp

490.00 463.30 6542.61 tp

483.00 456.25 6542.78 tp

3224.00 462.24 6543.06 to

3225.00 459.81 6543.11 to

3226.00 456.68 6543.16 to

479.00 452.46 6543.20 tp

478.00 450.81 6543.33 tp

3223.00 465.00 6543.39 to

3351.00 451.99 6543.41 TW

3352.00 451.67 6543.47 TW

3353.00 451.36 6543.49 TW

3354.00 451.04 6543.53 TW

3227.00 454.26 6543.56 to

3355.00 450.71 6543.60 TW

3356.00 450.37 6543.70 TW

3429.00 364.72 6543.74 TW

3430.00 364.15 6543.77 TW

3428.00 365.28 6543.78 TW

426.00 358.68 6543.79 tp

491.00 467.23 6543.79 tp

480.00 451.74 6543.81 to

3431.00 363.57 6543.81 TW

3357.00 450.01 6543.81 TW

3427.00 365.84 6543.82 TW

3432.00 363.14 6543.85 TW

493.00 478.61 6543.87 tp
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10) Sample DTM surface along the Cross‐Section Alignments set up for the baseline 

a. Export the Station/Elevation from CAD and Import into RIVERMorph for Analysis 

b. Use Bankfull Elevation form Geomorphic Cross‐Section for Analysis 
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11) Comparison of the years 

a. Used RIVERMorph to overlay; results can be found in master table 

 

       

           Results XS Riffle 1 ‐ 2017 Wildland Geo Data                        Results XS Riffle 1  ‐ CHaMP 2011 Data 
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Abstract - The Blackfoot River restoration endeavor is one the most collaborative, comprehensive 

and successful river conservation stories in western North America.  This summary report 

describes the biological (fisheries) framework (elements and phased approach) that helped to shape 

the first 30 years of this wild trout conservation story.  The program began in the late 1980s when 

fish population surveys identified depleted numbers of wild trout throughout the lower elevations 

of the basin, which included the precarious status of migratory native trout in the Blackfoot River.  

These findings triggered basin-wide protective trout angling regulations, followed by fish 

populations surveys in all streams, aquatic habitat assessments and the incremental development 

of a collaborative restoration methodology (1990 - present) to improve spawning and rearing 

tributaries.  The framework specifically describes: 1) how basin-scale fish and habitat data 

collections helped to identify human-induced limiting factors, promote landowner education and 

pilot projects, and prioritize tributary work; 2) the essential role of watershed groups in fund-

raising and implementation planning; and 3) how passive restoration (grazing strategies and fish 

screens) and active restoration (natural channel design) techniques and the concept of the reference 

reach were integrated into the restoration framework.  This review ends with a series of 10 long-

term case studies that describe the wild trout response to restoration, including those influencing 

migratory native trout of the Blackfoot River.  Finally, this entire report was written as a case study 

to help guide future restoration ventures in other western watersheds. 
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Introduction 

After more than 60 years of stocking hatchery trout in the rivers and streams of western 

Montana, a 1974 decision by the Montana Fish and Game Commission facilitated an end to 

stocking practices, and so ushered in the era of wild trout management.  This philosophy of wild 

trout management relied on the concept of self-sustaining trout populations through natural 

reproduction.  Because decades of stocking also masked a long legacy of stream degradation in 

the river valleys of western Montana, once stocking ended, it became increasingly evident that 

managing for wild trout not only required reductions in angler harvest, but also a need to restore 

spawning and rearing streams to help recover the natural productivity of damaged trout streams.   

With this background in mind, the Blackfoot River restoration endeavor can be traced to 

the mid-1980s when public perceptions of declining trout population in the Blackfoot River 

prompted Montana Fish, Wildlife and Parks (FWP) to assess fish populations in the mainstem river 

and its primary tributaries.  With initial funding support from the Big Blackfoot Chapter of Trout 

Unlimited, these early investigations confirmed depleted trout populations, the over-harvest of 

spawners, along with low-elevation degradation of the tributary system, including toxic mine 

waste draining in the headwaters of the Blackfoot River.  These initial findings led to basin-scale 

protective angling regulations for native trout in 1990, greatly expanded fish population and habitat 

assessments in tributaries, as well as small scale pilot-level restoration project on private lands.  

Increased data collections and early project successes on pilot projects led to the incremental 

development of a stream restoration methodology for the Blackfoot Basin and the expansion of 

tributary restoration from 1990 to the present.   

Over time, the restoration of aquatic habitat evolved into an iterative, multi-scale native trout 

recovery process, whereby the scope and scale of restoration expanded as information and 

stakeholder cooperation were generated.  Basin-scale fish population information, life history 

studies (e.g., movement and habitat use using radio telemetry) and comprehensive habitat 

assessments helped to identify human-induced limiting factors while directing restoration 

activities to individual tributary stocks.  As an iterative process, restoration expanded on a 

landowner-by-landowner and tributary-by-tributary basis.  Methods included enhancing flows in 

rearing areas, preventing juvenile fish loss to irrigation diversions, reconstructing altered streams 

and fencing livestock from riparian areas.  These types of actions were expanded to adjacent 

tributaries as human-induced limiting factors were identified and opportunities allowed.  Within 

this framework, monitoring and project evaluation provided the mechanisms to identify measures 

of ecological effectiveness, while also identifying where addition work was required (i.e., adaptive 

management).  

This purpose of this 30-year report is to capture the biological framework (i.e., elements and 

the phased approach) and various examples of wild trout responses to the Blackfoot River 

restoration program.  Major elements include: 1) fish and habitat data collection techniques that 

led to prioritization processes, 2) strengthening stakeholder relationships through fisheries 

information sharing, and 3) applying methods of natural channel design and the concept of the 

reference reach (i.e., comparing geomorphically and vegetatively stable stream with populations 
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unaffected by direct human impacts to impaired conditions) to restoration/conservation 

techniques.  Finally, this report briefly summarizes 10 case studies streams with long-term (>5-

year post restoration) monitoring data that describe restoration field techniques. These examples 

describe habitat change and the multi-scale response of wild trout to program activities.   

 

Study Area: The Blackfoot River Basin and its Wild and Native Trout 

The Blackfoot River is one of the most scenic, physically diverse and biologically complex 

rivers in western Montana.  As a headwater basin (6,008 km2) to the upper Columbian River, the 

Blackfoot River drains the western edge of the Continental Divide through 3,060 km of perennial 

streams and joins the Clark Fork River near Missoula (Figure 1).  The Blackfoot River is free-

flowing, 212 km in length and one of twelve renowned blue-ribbon trout rivers in Montana with a 

1972 appropriated Murphy in-stream flow summer water right of 19.8 m3s as measured at the 

USGS Bonner (#12340000) gauging station.  In 2015, this 19.8 m3s water right gained more senior 

(1904) status when the Montana Legislature ratified the Confederated Salish Kootenai Water 

Compact with Senate Bill 262.    

The hydrology of the basin is a snowmelt-dominated regime.  As measured in the lower 

river near Bonner, river discharge ranges from a high of >140 m3s during spring runoff to 

baseflows of 14-20 m3s and a mean annual discharge of about 45 m3s.  The physical geography of 

the watershed ranges from high-elevation glaciated mountains with alpine meadows, to timbered 

forests at the mid-elevations and to prairie pothole topography on the valley floor.  Glacial 

landforms, moraine and outwash deposits, glacial lake sediments and erratic boulders variably 

cover the floor of the entire Blackfoot River valley and exert a controlling influence on the physical 

features of the Blackfoot River and the lower reaches of most tributaries.   

Land ownership in the Blackfoot River Basin is a mix of public and private: 36% private 

land owners; 46% USFS land, 11% by the state of Montana, and 7% by the BLM.  In general, 

public lands and large tracts of private conservation (i.e., The Nature Conservancy) properties 

comprise large forested tracts in mountainous areas of the watershed, whereas private timber and 

agricultural lands are found in the foothills and lower valley areas.   

The Blackfoot River watershed supports a variety of cold-, cool- and warm-water fishes.  

Within the watershed, the distribution of fish species changes longitudinally - a pattern in which 

species richness increases in the downstream direction and with increasing stream size.  In contrast 

to this general distribution, imperiled native fish of the Blackfoot River (i.e., migratory bull trout 

Salvelinus confluentus and westslope cutthroat trout Oncorhynchus clarkii lewisi) tend to spawn 

in discrete areas and rear in small- to medium-sized streams before out migrating to the larger, 

more productive streams, rivers and lakes where they grow to maturity.  These broad areas of 

native fish use overlap at the low elevations with over 20 other species, including non-native sport 

fish such as rainbow trout (O. mykiss) and brown trout (Salmo trutta).    

With few exceptions, wild trout of the Blackfoot River depend on tributary habitat during 

some portion of their life history.  As such, community richness and population abundance of 

fishes in the mainstem Blackfoot River closely reflect the number and quality of nearby tributaries.  
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Biotic relationships between the Blackfoot River and tributary systems also vary by river reach.  

Some reaches of the Blackfoot River support naturally (and seasonally) harsh environments, while 

others support few, if any, functional tributaries.  The subtle, but often complex, adaptations of 

native trout engender long-term evolutionary pressures of glacially-formed riverscape.  However, 

the extensive use of the watershed also makes imperiled native fish of the Blackfoot River highly 

vulnerable to adverse (human-related) alterations to the aquatic (e.g., tributary) ecosystem.  This 

holds especially true for bull trout, a highly migratory, obligate cold-water char that spawns in 

upwelling areas and rears in the larger colder, tributaries before moving down valley in the larger, 

more productive rivers and lakes. 

Some segments of the river system support low abundance of wild trout, including 

imperiled native trout.  Trout distribution and abundance vary spatially due to an array of natural 

Figure 1. Blackfoot River location map in western Montana including major streams within the basin.  

Map numbers (1-15) relate to stream names/locations in the legend.  The diamonds (1-4) show long-term 

fish population monitoring sites on the mainstem Blackfoot River.  The stars (5-10) refer to tributary case 

studies involving for restoration.  The green circles (12-15) show spring creek study sites involving the 

riffle/spawning site study.  
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conditions and human impairments.  Natural conditions limiting trout fisheries involve drought 

stressors, areas of high instream sediment loads, low instream productivity, naturally intermittent 

tributaries, extreme cold- and warm summer temperatures and severe winter icing of the lower 

mainstem river.  Traditional land-use in the basin (e. g., mining, timber harvest and agriculture) 

have all contributed to habitat degradation and fish population declines, especially in the low 

reaches of the tributary system.  Currently, the majority of habitat degradation occurs on the valley 

floor and foothills of the watershed and largely on private agricultural ranchlands.  However, a 

legacy of riparian/aquatic degradation also extends up-valley to commercial timber lands and 

mining districts, as well as state and federally managed lands.  Human-induced fisheries 

impairments have been identified on most (80%) tributaries, which include a wide array of 

perturbations that include mining contamination, dewatering and entrainment of fish to irrigation 

ditches, excessive riparian grazing and riparian timber harvest, excessive nutrients, road 

encroachment and fish passage barriers at culverts.  The matrix of natural conditions and human 

impairments produces an array of trout assemblages that vary regionally within the watershed and 

longitudinally across river and tributary reaches. 

 

Restoration Concepts 

High quality wild trout habitat is defined as a stream possessing water of sufficient quantity 

and quality where an arrangement of physical channel features provides food, cover (security) and 

space in an environment that allows a population to thrive.  Stream connectivity provides the 

mechanism for migratory fish to move among streams or stream reaches and to complete their life 

cycle, which rely on a variety of stream conditions.  When attempting to correct fisheries-

impairments (e.g. degraded habitat) on streams, identifying human-induced limiting factors is 

essential to successfully reestablish stream-dwelling wild trout.  Limiting factors are defined as 

any factor that inhibits or limits the population below its full potential.  This concept of managing 

for wild trout, focusing on native fish, restoring and connecting habitats, and correcting other 

human-induced limiting factors forms the general foundation of the Blackfoot River wild trout 

restoration initiative.   

Restoration planning, at a basic level, involves the biogeography of fishes, understanding 

the fisheries effects of habitat impairment, and the role that stakeholders (e.g. private landowners 

and the angling public) play in restoration outcomes.  At a secondary level, the methods and 

outcomes of restoration must further consider 1) stream potential, 2) the relationships of project 

scale (i.e. stream-reach, stream and watershed) to the problem, 3) a recognition of tradeoffs, 4) 

indirect and/or downstream benefits of restoration actions, and 5) uncertainty (i.e., risk) of 

restoration outcomes.    

Reducing uncertainty of outcomes, above all, requires that cooperating parties commit to 

success and have sufficient information from which to base restoration decisions.  Project 

information involves recognizing not only the sources of impairment, but also reasonable 

assessments of biological (i.e., fisheries) potential.  As described below, obtaining this information 

usually involves: 1) establishing a thorough pre-project (fish population and habitat) baseline; 2) 
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understanding life-history, habitat associations, human impairments and limiting factors related to 

target and, in some cases, non-target species; 3) identifying clear and attainable restoration goals 

and measurable objectives; 4) developing realistic time-frames necessary for project and species 

recovery; 5) recognizing an ability to correct up-and downstream limiting factors; and 6) 

developing post-project monitoring protocols through recovery phases to ensure the projects meet 

their intended objectives.  A willingness to modify restoration methods based on monitoring results 

is also important in adaptive management.  Restoration practices further conform to the public 

trust responsibilities of several local, state, and federal natural resource and permitting agencies, 

which includes ESA designated ‘critical habitat’ for certain species.  Consideration of off-site 

concerns may be applicable to restoration outcomes and may involve downstream beneficial uses 

including improved water quality and quantity, and/or recruitment of recreational species to the 

Blackfoot River.  Less predictable outcomes may result from the influences of exotic fishes, 

diseases and climate change.   

 

Restoration Framework 

With these restoration concepts in mind, the basic Blackfoot restoration framework includes 

several essential phased and interrelated elements that begin and end with fish population data 

collection (Figure 2).  Within the basic framework, basin-scale fisheries information leads to 

prioritization of tributary work, which facilitates implementation planning, and ultimately ends 

with evaluation of restoration outcomes with emphasis on fish population response.  This process 

engages stakeholders (e.g., landowners, conservation groups, agencies and anglers) from the onset, 

includes a strong landowner educational component, and relies on the active and full-time 

participation of local watershed/conservation groups (e.g., Trout Unlimited, Blackfoot Challenge 

and The Nature Conservancy).  In addition to this basic framework, more detailed descriptions of 

restoration methodologies, restoration prioritization process, habitat surveys and natural channel 

design techniques, and scientific literature (peer-reviewed and agency reports) that emphasizes 

fish and habitat relationships are described below.       

 

Data Collections: Fish population, Life History and Habitat Surveys 

Fish  populations surveys - Fish population inventories were completed on all accessible primary 

tributaries to the Blackfoot River (1,663 surveys at 772 survey sites on 223 streams) along with 

longitudinal sampling sites (n=10) from the headwaters to the lower reaches of  Blackfoot River 

(Figure 3).  Original Blackfoot River survey sites, sampled prior to restoration work, identified 

very low numbers of native trout and recruitment limitations brought on by various natural and 

human condtions.  Tributary fish population sampling began in 1989 with opportunistic, 

logitudinal surveys that employed standard intensive single-pass electrofishing methods.  These 

allowed direct comparision of several fish population metrics (species composition, distribution, 

abundance and size structure) across sampling sites and among species.  Surveys typically began 

at headwater reference reaches and proceeded downstream.  Sampling sites were established in 

reaches defined by changes in stream type, land ownership and land use.  With an eye on potential 
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restoration actions, these surveys identified hundreds of individual land use issues (e.g., streamside 

feedlots, over grazing, nutrient runoff, unscreened irrigition ditches, dewatering, culvert barriers 

and excessive timber harvest) that potentially impacted fisheries.  

 

Basin scale fish 
population Inventory

Assess life history tactics 
using telemetry and 

other techniques

Conduct habitat, 
geomorphic, riparian 

and other assessments

Education 
and 

stakeholder
involvement

Set goals 
and 

objectives

Identify 
limiting 
factors

Prioritize restoration 
based on biological and 

social values

Initiate pilot-level 
restoration projects

Implementation planning 
from the stream reach to 

the tributary scale

Implementation

Monitoring, evaluation 
and adaptive 
management

Reference reach concept for 
tributaries

Figure 2.  Flow chart showing basic elements of the Blackfoot River tributary restoration process.  The 

process engages stakeholders at all phases and relies on the reference reach concept through most 

aspects of the restoration process.  
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To facilitate access to private land and begin the process of landowner education, field biologists 

invited private landowners and their families to participate in electrofishing surveys.  Once 

completed, survey results were shared with landowers.  At this stage, initial landowner/agency 

relationships were established along with a basic awareness of stream issues.  Other electrofishing 

surveys were used to sample irrigiation ditches, collect genetic samples and provide fisheries data 

for special research studies.  Once streams entered a restoration phase, more quantitative fish 

populations surveys (e.g., mark and recapure or depletion estimates) were established within 

treatment sites to monitor restoration projects.  

 

 

 

Life-history investigations – In addition to electrofishing surveys, nine special radio telemetry 

studies were completed between 1996 and 2014 to identify the spawning behavior of adult 

migratory native salmonids (bull trout, westslope cutthroat trout and mountain whitefish 

Figure 3.  Blackfoot River basin showing fish populations survey sites (yellow diamonds) 

established between 1988 and 2016. 
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(Prosopium williamsoni) from the Blackfoot River and Clearwater chain of lakes.  Each of these 

studies identified the timing of migrations, seasonal habitats (summering and wintering areas) and 

spawning locations, while also identifying limiting factors (e.g., fish passage barriers, losses to 

irrigation ditches) between capture sites and natal tributaries.  As technology advanced, genetic 

tests using individual fish’s DNA allowed genetic assignment work, whereby a tissue sample (fin 

clip) collected from a bull trout captured in the Blackfoot River or Clearwater lakes could be used 

to assign that fish to its natal stream of origin.  In addition, recent advances in environmental DNA 

(eDNA) allowed for detailed investigations involving presence/absence or incidental use of 

streams, which was often difficult to detect using standard electrofishing techniques.  This type of 

life history information, when merged with tributary electrofishing investigations, helped to 

identify the status of trout metapopulations including migratory stocks and stream resident 

populations.  

 

Habitat surveys – Fish population surveys typically preceded physical habitat surveys.  Habitat 

surveys in the Blackfoot Basin typically relied on continuous surveys that focused on identified 

stream condition (impairments) and restoration opportunities specific to individual streams and 

individual land ownerships.  Like electrofishing surveys, habitat surveys typically began at a 

randomly selected habitat unit within an upstream reference reach and proceeded downstream.  In 

some cases, these surveys crossed across many land ownerships and covered several kilometers.  

Depending on expected sample size, habitat features were sampled at the 10%, 25% or 50% 

intensity, which included habitat unit (pool/riffle) measurements (e. g., length, wetted width, max 

depth, and bankfull width at riffles, residual pool depth and pool frequency) and assessments of 

functional wood within the active and bankfull channels and along the longitudinal profile.  In 

addition, riparian vegetation, potential vegetation and recruitment of instream wood, as well as 

human-altered riparian areas (grazing, land clearing or timber harvest) were identified with both 

field data and quad maps and aerial photographs, which later included high resolution GIS-based 

aerial photos (e.g., NAIP) and advanced imagery (e.g., LIDAR).  

To characterize survey reaches in greater detail and to help identify limiting factors, more detailed 

Rosgen geomorphic surveys were performed within representative reaches of the habitat survey to 

identify reference reach conditions and to identify the degree of human-related channel/riparian 

alterations for departure analysis.  Wolman pebble counts and McNeil core samples described 

substrate and spawning area conditions including anthropogenic sediment.  Other data collections 

variously included measurements of water chemistry (TDS, pH, Conductivity) and nutrients (N, 

P) depending on water quality questions.  In addition, stream discharge, continuous water 

temperature data collections were standard, and macroinvertebrate sampling variously identified 

land use/habitat relationships.  Minimum instream flow assessments, based on the concept of the 

wetted riffle, were completed on certain streams where water leasing or other conversions to 

instream flow were pursued.  
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Restoration Prioritization 

Restoration prioritization – With basin-scale data collections and an active restoration initiative 

underway, multi-criteria decision trees were periodically developed to prioritize and guide 

restoration actions.  These matrices focused on tributary-based restoration relationships with the 

Blackfoot River, and so included tributary fish populations and life history information for 

migratory native trout and sport fisheries, as well as other stream health information (Table 1).  

The most recent strategy, completed in 2007, was developed for 182 streams in response to 1) an 

increasing number of watershed interest groups, 2) a cadre of federal, state and regional fisheries 

management directives, 3) the recent development of drought, sub-basin and TMDL plans, and 4) 

ESA designated critical habitat for the recovery of bull trout, and 5) recently completed fish 

Table 1.  Restoration prioritization scoring criteria for streams within the Blackfoot Basin.  

The point values were applied to 182 streams.  Scoring was weighted towards native trout 

and biological benefits to identify the highest priority streams.  

Points

1 Bull trout spawning (yes/no) 20/0

2 Bull trout rearing (yes/no) 10/0

3 Bull trout core area (yes/no)  10/0

4
Westslope cutthroat trout presence 

(fluvial/resident/none)
20/10/0

5
Sport Fisheries value to the Blackfoot River (multiple 

species/single species/none)
20/10/0

6
Technically able to adddress entire stream system 

(yes/no)
20/0

7
Provides increased stream flow the Blackfoot River 

(yes/no)
20/0

8
Improves downstream water quality by reducing 

sediment (yes/no)
10/0

9
Improves downstream water quality by reducing 

temperature (yes/no)
10/0

10
Improves downstream water quality by reducing 

nutrients (yes/no)
10/0

Social and financial consideration  - 50 possible points

11
Landowner/manager cooperation in the watershed 

(high/moderate/low)
20/15/10

12 Cost effectiveness cost/mile (low/moderate/high) 20/10/5

13 Demonstration/education value (high/low) 10/5

200

Prioritization scoring criteria

Biological benefits - 150 possible points

Possible points
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population inventories in the Clearwater River drainage.  The purpose of this planning document 

was to guide stakeholder involvement (effort and funding) to common priorities involving the 

needs of native fish because these fish are indicators of ecosystem heath.  To this end, this plan 

provides a basin-wide, native fisheries-based, priority-driven template for restoration projects.  

The rationale for generating this prioritization was that by integrating all fisheries-related 

restoration programs into a single guiding strategy, the Blackfoot stakeholders could better meet a 

common suite of conservation goals.   

 

Implementation Planning and the Importance of Watershed Groups  

Implementation Planning - Restoration typically focused on correcting obvious human impacts to 

fish populations and natural stream function, including migration barriers, stream de-watering, fish 

losses to irrigation canals, degraded (overgrazed) riparian areas and stream channelization.  Within 

a context of restoration priorities, implementation planning typically occurred from the stream-

reach to the tributary scale, which often involved an interdisciplinary team of agency specialists 

(biologist, hydrologist, project manager, grazing specialists, water rights specialists), conservation 

groups (BBCTU and Blackfoot Challenge) and cooperating landowners/managers.  Once major 

projects are selected for restoration, fisheries biologists (re)surveyed fish populations and habitat 

conditions to quantify response variables, which usually involved the use of reference (control) 

reaches.  Depending on limiting factors and habitat objectives, habitat data included geomorphic 

surveys, minimum instream flows, fish passage, water quality, riparian vegetation and spawning 

area assessments.  At this stage, lead planners were charged with ensuring that the “source” of 

degradation was addressed versus the “symptoms” of degradation.  The sum of this information 

supported and led into project design, fund-raising, contracting. permitting and landowner 

agreement phases.  

 

Watershed Groups – Most of the project administration and fund-raising (landowner contributions, 

private donations, foundations and state and federal grants) was coordinated through BBCTU and 

agency partners.  The non-profit status (i.e., 501(c)3) of BBCTU and other conservation groups 

provides a mechanism for generating tax-deductible private funds.  In additions to fund-raising, 

BBCTU generally obtained local, state and federal stream permits on behalf of cooperating 

landowners.  Project bids (consulting and construction) conformed to State and Federal 

procurement policies.  These policies included the development of a Blackfoot watershed qualified 

vendors lists (QVL) derived through a competitive process.  A minimal project cost triggered the 

use of the QVL.  BBCTU solicited bids from the QVL for both consulting and contractor services.  

Bid contracts were signed between BBCTU and selected vendors upon bid acceptance.  Depending 

on the specific project, landowners are responsible for certain costs, construction and project 

maintenance once projects are completed.  Written (20 year) agreements with landowners to 

maintain projects are arranged with cooperators on each project.  Lastly, BBCTU oversees and 

directs contractors during construction.  The most recent distribution map of completed projects at 

178 locations on 64 streams is shown in Figure 4.  Depending on the specific project, this work 
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often entailed several concurrent objectives, such as fish passage improvements (32 streams), fish 

screens (18 streams), riparian grazing (36 streams), instream flows (17 streams) and active channel 

restoration (27 streams).  Each project sought benefits for landowners and aquatic resources and 

were completed voluntarily.  

 

In addition to the vital role of BBCTU, the Blackfoot Challenge (a 501(c)3 nonprofit organization) 

more broadly assists with watershed conservation by organizing landowner education tours, 

drought planning, forest restoration and assists with conservation easement strategies with 

cooperating agencies (e.g., FWP, U.S. Fish and Wildlife Service, Department of Natural Resources 

and Conservations), land trust organizations (Montana Land Reliance, Five Valleys Land Trust, 

The Nature Conservancy) and private landowners.  This specific collaboration ultimately helped 

to increase land protections (conservation easement and land purchases) in the Blackfoot Valley 

from about 6.5km2 in 1975 to 1,623 km2 in 2016 (Figure 5), which included 1,628 km of easement 

protection on riparian corridors.  

Figure 4.  Blackfoot River restoration prioritization for native trout (blue = high priority, green = 

moderate priority, red = low priority) along with 178 sites (yellow triangles) where restoration projects 

were completed on 64 tributaries (GIS file provided by BBCTU).   
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Stream Restoration Techniques 

Instream Habitat Restoration using Natural Channel Design – Restoration project employed both 

passive and active methods.  Passive methods, (e.g., improved riparian grazing, enhancing 

instream flows, screening irrigation ditches and revegetation) are most essential because passive 

methods rely on natural recovery and so address the cause of riparian/aquatic degradation, versus 

the symptoms of degradation.  Unlike passive restoration, active restoration methods involve 

entering the channel with heavy machinery and reconstructing severely damaged streams, or 

directly restoring habitat conditions (e.g., natural channel morphology, instream wood) where high 

degraded or otherwise highly altered.  Almost all active channel project undertaken in the 

Blackfoot also require passive methods to ensure compatible land use (e.g., sensitive riparian 

grazing) once active channel work has been restored the stream to more natural form and function.  

For active habitat restoration, our methods evolved from the use of references reaches to 

natural channel design (NCD) techniques as first described by Rosgen stream types in the 1980s.  

Over time, the Rosgen stream classification and related survey techniques became standard in 

Figure 5.  Blackfoot River Basin with landownership patterns.  The red areas show conservation lands 

converted to either public ownership or private land with easement protection (File provided by TNC).  
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stream surveys, assessments of stream condition, restoration design and monitoring.  Unlike 

enhancement techniques, NCD involve a geomorphic approach that fits the geomorphically stable 

stream to the proper stream valley.  The Rosgen stream classification provides the basis of this 

approach by quantifying channel dimension, pattern, and profile.  Riparian health, instream habitat, 

and fish population surveys, along with measurements of discharge, sediment, and bed and bank 

stability, permit the assessment and evaluation of existing and potential channel conditions as well 

as biological attributes of the project.  NCD aims to restore natural channel stability, or dynamic 

equilibrium, and habitat to impaired streams.  Streams in dynamic equilibrium are generally more 

biologically productive and provide higher quality and more complex habitat than altered or 

unstable streams.  Geomorphic indicators (bankfull channel), prediction analysis (reference 

reaches and dimensionless ratios), and method validation (regional curves) define naturally 

functioning channels and provide the basis for natural channel design.     

The final restoration design seeks to mimic a stream in dynamic equilibrium with its 

watershed, and to provide a diverse and complex channel capable of conveying flows, transporting 

sediment, and integrating essential habitat features.  Vegetation colonization through mature shrub 

and sod mat transplanting, as well as other revegetation efforts, along with woody materials and 

rock provide immediate fish habitat and temporary bank stability.  These structures allow for shrub 

colonization which, when established, provide long-term channel stability and habitat complexity.  

Proper land management is essential to the success of these methodologies.  Most restoration 

projects necessarily incorporate compatible grazing strategies and other land management 

changes.  As final outcomes, restoration projects must be consistent with ecologically sound and 

sustainable practices, contribute to conservation of high quality aquatic habitat, and protect native 

aquatic species. 

 

Restoration Case Studies: Long-term Monitoring and Evaluations   

The case studies described below are currently among the most comprehensive in the published 

restoration literature.  Unlike the essay on the restoration framework, the case studies are cited and 

emphasize long-term (>5 years post restoration) published field studies.  In addition to those 

citations, a list of restoration-related studies from the Blackfoot Basin are also referenced at the 

end of this report.  Most of the case studies employed natural channel design methods and the 

concept of the reference reach.  In addition, the case studies emphasize a range of human impacts 

involving habitat simplification, channel degradation, dewatering, over-grazing, ditch 

entrainment, elevated water temperature and anthropogenic sediment.  The case studies are 
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organized chronologically and hierarchically (stream reach to basin scale), followed by a brief 

summary of community response trends in the Blackfoot River. 

 

Chamberlain Creek – Chamberlain Creek was selected as one the first comprehensive restoration 

projects (Figure 1) after severe channel damage was identified in 1989 (Figure 6).  Here, channel 

degradation in the 1980s led to a 94% reduction in Westslope Cutthroat Trout abundance when 

upstream reference sites were compared to downstream disturbed areas.  There was also a loss of 

migratory connection between Chamberlain Creek and the Blackfoot River by instream dams, 

diversions, and dewatering (Peters 1990; Pierce 1991, Pierce et al. 1997).  Restoration methods 

included reconstruction to more 

natural B4-C4 stream types, 

adding wood to another 2km of 

stream, removal of livestock 

from riparian areas, irrigation 

upgrades (consolidation of two 

ditches into one and the 

installation of a fish ladder at 

the diversion point) and 

enhanced stream flows through 

water leasing.  In addition, 

conservation easements were 

placed on all ranchlands in the 

lower basin.  Following this 

work, age-1+ Westslope 

Cutthroat Trout increased from 

a pretreatment estimate of 2.5 

fish/30m to a long-term average 

of 19.2 fish/30m (Figure 17).  

Moreover, seven years after 

treatment, biotelemetry 

confirmed migratory 

reconnection, as 73% of fluvial 

westslope cutthroat trout 

spawners radio-tagged in the 

Blackfoot River between Gold 

Creek and the North Fork (a 

distance of 65 km) ascended 

Chamberlain Creek to access 

spawning areas within and 

upstream from the treatment 

Figure 6.  The top photo shows Chamberlain Creek in 1989 just 

after it was bulldozed to construct an instream pond.  The bottom 

photo at the same site in 2008 shows the restored channel. 
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reach (Schmetterling 2000, 2001).  Lastly, a checkerboard of 77.2km2 of private industrial forest 

land in the mid- to upper basin was transferred to public ownership (in 2010) with special easement 

provisions to remove 8.9km of roads adjacent to streams and to protect riparian areas from 

intensive land use.   Culverts were also removed to meet fish passage and natural stream function.  

With the completion stream restoration, conservation easements, and land exchanges, the 

Chamberlain Creek project has now addressed all known primary impairments to fisheries and 

riparian corridors, while achieving landscape-level conservation for the entire Chamberlain Creek 

drainage.  

 

Bear Creek – Bear Creek is a small tributary of the lower Blackfoot River with a long history of 

industrial forestry and intensive grazing.  Adverse human impacts included undersized culverts, 

road drainage and siltation, irrigation dewatering, channelization of the stream, excessive riparian 

grazing and streamside timber harvest.  Many of these impairments were corrected between the 

1994 and 2011.  Restoration activities included: 1) upgrading or removing culverts and addressing 

road-drainage problems, 2) improving water control structures at irrigation diversions, 3) 

reconstruction on 552 m of new B4-C4 channel (Figure 7), 4) enhanced habitat complexity using 

instream wood on an additional 946m of stream, 4) shrub plantings, and 5) the development of 

compatible riparian grazing systems for one mile of stream.  Fish population response data in the 

reconstructed reach shown in the reconstructed reach is shown in Figure 19.  In 2010, all private 

Figure 7.  The newly constructed Bear Creek channel on the left and a close-up photo of 

the stream on the right.  Prior to restoration Bear Creek was channelized and relocated on 

the margin of the valley. 
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industrial forest land in the Bear Creek drainage was transferred to State of Montana (DNRC) 

ownership.   

 

Gold Creek – The Gold Creek restoration project, located on industrial timberland in the Blackfoot 

Basin (Figure 1), was one of the first restoration projects where the performance of habitat 

structures for two stream types (B and C) were evaluated (Rosgen 1996, Schmetterling and Pierce 

1999).  This work was later evaluated for trout population response (Pierce et al. 2013).  The 

project was initiated in 1996 after decades of riparian timber harvest and intentional removal of 

large wood from the channel had occurred, both of which led to the dramatic loss of pool habitat 

(Figure 8).  Based on an upstream reference reach and a channel slope/bankfull width-related 

formula for natural pool spacing (Rosgen 1996), the Gold Creek project created 66 pools within a 

4.8km section of stream with gradients ranging from 2.0-3.4%, which included B3, B4 and C3 

stream types.  The project used native material (large wood and glacial erratic boulders) from 

Figure 8.  Photo point from Gold Creek: The pre-restoration (top) photo shows 

a B stream type lacking instream wood.  The post restoration (bottom) photo 

shows a wood-formed plunge pool at the same site immediately following 

installation. 



22 

 

onsite sources install four types of pool-forming habitat structures (debris collectors, log-formed 

plunge pools, lateral scour pools, and rock formed pools).   

 

Once completed, the wetted pool area of the channel increased from 1% pretreatment to 14% post 

treatment, similar to the reference reach.  The project then withstood an estimated 50-year flood 

event the next spring.  Of the original 66 structures, 85% of all structures remained intact and 

stable with significantly higher retentions rates in the B stream type (94%) verses the C stream 

type (58%).  For the C stream type, lateral scour pools had the highest retention rate (75%); 

whereas, rock formed pools had the lowest retention rates (40%).  The project concluded 

improving pool habitat and the ability to withstand major floods was a function of stream type and 

the type of structure employed.  These results led to changes in the use of structures for unconfined 

C stream types to structures more suited to laterally extended channels.  Long-term fish population 

monitoring (pre- and post-restoration) within the B stream type portion of project showed a 

positive long-term trend in total trout abundance following this work (Figure 19).  In 2014, all 

industrial forest land (41.3 miles, 66% of the drainage) was purchased by The Nature Conservancy 

as part of a much larger scale conservation project (Figure 5).  

 

Kleinschmidt Creek – Kleinschmidt Creek, a groundwater-dominated stream, was fully 

reconstructed using NCD principles, then closely monitored over a 10-year post-restoration period 

(Pierce et al. 2014a, 2015).  The project converted an over-widened and heavily degraded stream 

(C5) stream to a deep, narrow, more sinuous (E4) stream type (Figure 9).  This conversion reduced 

wetted surface area of the channel by 69%, increased bankfull velocity and hydraulic shear stress, 

coarsened the substrates in riffle spawning areas and increased pool depth (Table 2).  This case 

study further documented trout response trends (redistribution and population growth, i.e., 

abundance and biomass) associated with instream habitat structure (wood) and vegetative recovery 

(Figure 10).  Perhaps the most important habitat change that was documented relates to water 

temperature.  Summer temperatures in Kleinschmidt Creek declined 3.5oC into the optimal thermal 

range of bull trout (i.e., maximum temperatures <13oC) with maximum temperatures about 1.5oC 

colder than those in the receiving waters (Figure 11).  Likewise, two fully reconstructed nearby 

NCD projects in groundwater-dominated streams have shown similar (3-4oC) reductions in water 

temperatures following channel renaturalization (Pierce et al. 2016).  These temperature reductions 

are biologically important because these three streams all enter ESA designated critical bull trout 

in a reach used for thermal refugia (Swanberg 1997).  Because these streams now enter the 

receiving stream at lower temperatures, they provide some buffer against ongoing warming trends 

(Isaak et al. 2015).  Lastly, the three stream projects mentioned here are now under conservation 

easements, which includes full protection the Kleinschmidt Creek riparian corridor.  
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Table 2.  Summary of channel morphometrics in Kleinschmidt Creek pre-restoration (1990) 

and 10 years post-restoration (2011) along with hydraulic relationships of the pre-treatment 

(C5) and post-treatment (E4) stream types. 

 

Figure 9.  Kleinschmidt Creek pre-treatment (left photo, September 2001) and post-treatment photos (right photo, 

June 2014).  The left photo shows a straightened and over-widened section of channel with an example of a 

channel-altering rock dam that induced upstream deposition of fine sediment within the pre-treatment channel.  

The right photo shows the restored stream at the same location. 
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 Figure 10.  Trout population response trends to channel restoration in Kleinschmidt 

Creek.  The top graph (A) shows estimates of age 1+ abundance and the bottom graph 

(B) shows age 1+ biomass before and after full channel restoration.  High and low 

CWD refers to the amount of coarse woody debris within the channel. The linear lines 

are best-fit to estimates of abundance and biomass for the two wood groups. 
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Nevada Spring Creek complex - In 

the case of the Nevada Spring Creek 

complex, NCD included the 

complete reconstruction of 7.1 km of 

stream (Pierce et al. 2014b).  This 

work converted a low-gradient, 

heavily degraded C5 stream type to a 

deep/narrow (E5) stream type 

(Figure 12).  This project reduced 

W/D ratio from 22 to 3.2, enhanced 

instream flows, then restored and 

reconnected an upstream native trout 

spawning tributary (Wasson Creek) 

to Nevada Spring Creek (Pierce et al. 

2013, 2014b).  Following NCD work, 

the resident native cutthroat trout 

from Wasson Creek dispersed 

downstream into restored habitat, 

then reestablished a migratory 

westslope cutthroat trout population 

component.  Westslope cutthroat 

trout then increased in abundance 

downstream of the restoration project 

from zero fish in 2005 to 

11.0+2.1fish/300m in 2016 (Pierce et 

al. 2016).  Adult spawners from this 

migratory population are now 

returning to spawn in Wasson Creek 

(Pierce et al. 2014b).  The Nevada 

Spring Creek property is protected by 

conservation easements with special 

protection to prevent disturbance to 

the riparian corridor.  Lastly, 

instream flows were restored and 

perpetually protected through a 

conversion of private water rights to 

public ownership.  

Figure 11.  Pre restoration and post restoration 

water temperatures for Kleinschmidt Creek 

(treatment site) and the North Fork of the 

Blackfoot River (control site): (A) average 

maximum daily temperatures, (B) mean daily 

temperatures, and (C) average daily range of 

temperatures.  
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Figure 12.  Pre-restoration photo of the Nevada Spring Creek project before (top) and after 

(bottom) restoration.  Note channel incision, erosion of stream banks and high channel 

width prior to restoration.  
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Nevada Creek – Located immediately downstream of a large irrigation storage reservoir, this 

Nevada Creek demonstration project reconstructed 1.34km of channel in 2010 to restore more 

natural channel features to a degraded (C4) section of Nevada Creek.  Prior to restoration, Nevada 

Creek was incised, over-widened with eroding banks that contributed 0.21 tons of sediment/year 

to the channel (Dave Rosgen, unpublished data) and lacked woody riparian vegetation due to 

decades of intensive riparian grazing (Figure 13).  Channel reconstruction reduced width/depth 

ratio from 56 to 24, elevated the channel, added lateral scour pool habitat structure (instream wood) 

on the outer stream bends and established riparian vegetation along the new floodplain and 

streambank margins (Figure 14).   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The Nevada Creek project also included a three-stage inner channel designed to maintain a low 

width/depth ratio inner channel to help mitigate irrigation-related low flow conditions during low 

Figure 13.  This photo shows Nevada Creek prior to restoration with poor 

habitat quality.  Here, the stream had incised and unstable channel and 

completely lacked woody riparian vegetation. 
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flow periods.  In addition to active channel work, livestock were excluded from the immediate 

stream corridor.  Similar to the Gold Creek project, the Nevada Creek project underwent a major 

flood event the following spring with 5-6 times bankfull flow.  Though the channel variously 

adjusted, the pattern, dimension and profile changed little, and none of the lateral pool habitat 

features failed due to the change in techniques.  Pre-restoration (2010) and post restoration (2016) 

trout population monitoring showed a 300% increase in the abundance (46+16 to 136+25 age 1 + 

trout/300m) and a 307% increase in trout biomass (11.7km to 35.9km).   

 

Sediment assessments on spawning 

riffles in restored spring creeks - This 

long-term spring creek study 

explored conversions of several 

degraded C4-C5 stream types to 

deeper/narrower E4 stream types 

(Pierce et al. 2017, Figure 1).  Unlike 

trout response studies, this study 

emphasized associations of basic 

channel form with riffle substrates 

(Figure 15) and trout spawning site 

quality, along with riffle/sediment 

relationships with macroinvertebrate 

taxa groups and two biotic indices.  

This study included four actively 

restored (reconstructed E stream 

types with > 10 years rest from 

livestock grazing) and four 

unrestored (C stream types damaged 

by land use) spring creeks in western 

Montana with most of the sites (n=5) 

in the Blackfoot Basin.  Despite no 

change in channel slope, riffles in 

restored streams had lower width-to-

depth ratios (10.2 ± 1.8 versus 19.2 ± 

4.6), higher velocities (0.71 ± 0.18 

versus 0.39 ± 0.09 m/s), lower 

percentage of sediment < 6.3 mm 

(25.9 ± 6.6 versus 41.4 ± 6.2) and 

higher quality spawning sites than 

unrestored streams.  This study 

concluded that stream restoration can 

Figure. 14.  Nevada Creek photo point:  The top photo 

shows restoration of a C4 stream type employing bankfull 

bench revegetation techniques over toe wood.  The bottom 

photo was taken at the same site 5 years after treatment. 
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improve spawning substrate by facilitating sediment transport via reduced width-to-depth ratio and 

improved land management (Figure 16).  When all streams were considered, the richness of 

sediment-tolerant macroinvertebrates were inversely correlated with riffle substrate size; whereas, 

clinger (sediment-intolerant) richness correlated positively with riffle substrate size.  Of the two 

biotic indices, a significant correlation of the Fine Sediment Biotic Index with sediment < 6.35 

mm suggests it may be a better indicator of spring creek habitat integrity and restoration 

effectiveness. 

 

Figure 15.  Cumulative frequency curves for the restored streams and for the unrestored streams.  Note 

the higher levels of fine sediment <6.3mm in the unrestored streams. 

 



30 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 16.  These photos show two of the eight spring creek study reaches, both 

from the Blackfoot Basin.  The top photo shows as wide shallow degraded 

(unrestored) stream and the bottom shows a deeper, narrow (restored) stream. 
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North Fork of the Blackfoot River – The North Fork was originally identified as a bull trout 

stronghold when early settlers named the North Fork the “Salmontrout Fork of the Blackfoot River” 

in the late 1800s.  Like migratory populations elsewhere, the North Fork bull trout is a wide ranging, 

obligate cold water char that spawns in groundwater upwelling areas in the larger headwater streams 

(Swanberg 1997, Pierce et al. 2006).  The North Fork Blackfoot River supports the largest 

population of migratory bull trout in the Blackfoot Basin.  These bull trout spawn in the Scapegoat 

Wilderness, and from there juvenile bull trout disperse down valley in some case long distances. 

As these fish mature, they assume migratory behavior that spans the mainstem Blackfoot and Clark 

Fork Rivers, as well as the lower Clearwater River as far upstream as Salmon Lake before returning 

to the natal spawning areas (Swanberg 1997, Schmetterling 2003, Pierce et al. 2016).  Because char 

species rely on cold water, bull trout also require access to the coldest streams (thermal refugia) 

during the heat of summer.  Given their specific spawning habitat needs, wide-ranging and complex 

behavior and reliance on cold water, bull trout recovery requires a landscape perspective with a 

strategic emphasis on critical habitats, restoration-induced water temperature reduction and habitat 

connectivity.   

 

During the decade of 

the 1990s, 

electrofishing surveys 

and telemetry studies 

were used to identify 

bull trout spawning and 

rearing areas, spawning 

behavior and 

movements patterns of 

adult fish.  In addition, 

redd counts were used 

to gauge population 

size and trends.  These 

investigations 

identified bull trout 

losses to five canals on 

the mainstem North 

Fork.  In addition to screening these canals, the full restoration of four spring creeks to the lower 

15km of North Fork watershed was completed where groundwater inflows and spring creek provide 

cold water refugia (Swanberg 1997, Pierce et al. 2013).  Additional work included the removal of 

Milltown dam (Figure 18), which early telemetry studies documented as a barrier to the upstream 

migrations of the North Fork bull trout (Schmetterling 2003).  Currently, the last major unfinished 

project within the migration corridors of bull trout is an unscreened irrigation ditch on the lower 

Clearwater River.   

Figure 17.  Bull trout redd counts in the North Fork Blackfoot 

River, 1989-2017.  Note the increases following regulations 

changes in 1990 and in 2008 following the removal of Milltown 

dam. 
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Though redd counts show 

that adult bull trout 

numbers continue to 

increase in the North Fork 

(Figure 17), bull trout 

populations in the lower 

Blackfoot Basin have 

undergone dramatic 

population declines in the 

last 30 years (Pierce et al. 

2016).  These declines 

occurred overlap with 

intensive land use and 

where warmer streams tend 

to favor nonnative 

competitors.  In these areas, 

brown trout are replacing 

bull trout at the lower 

elevations of the Blackfoot 

Basin (Al-Chokhachy et al.  

2016, Pierce al. 2016).  

According to recent 

projections (Isaak et al. 

2015), regional warming 

will reduce thermally 

suitable habitat by 2040 

with the exception of high 

elevation refugia (e.g., 

headwater areas upstream 

of the North Fork Falls).  

These projections explain 

why the upper North Fork 

is now being considered as 

a future bull trout 

translocation/conservation 

area (Pierce et al. 2018).  

 

Figure 18.  The top photo shows Milltown dam prior to its removal 

2008. The bottom taken at the same site in 2014.  
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Multi-scale Evaluation of Tributary Restoration – After two decades of active project 

implementation, eighteen individual stream restoration projects with long-term (>5 years) post 

restoration monitoring data (including several described above, Bear Creek, Chamberlain Creek, 

Kleinschmidt Creek, Nevada Spring Creek and Wasson Creek) were analyzed for fisheries 

response at a reach, sub-basin scale and basin scales (Pierce et al. 2013).  Most of the streams (11) 

underwent comprehensive active channel restoration using NCD, which included changes to 

stream types (i.e., G to B, F to E, C to E).  These changes led to a common pattern of deeper, 

narrower channel and more pool habitat, along with corresponding increases in trout abundance 

(Table 3, Figure 19).  Though trout responses (native trout versus nonnative trout) varied by 

stream, results of these field studies clearly point to a common pattern of increased trout abundance 

once altered streams are returned to more natural conditions.  Community richness also increased 

in certain streams and native trout responded best in the upper basin.  In general, the abundance of 

age 1+ trout quickly approached reference conditions within 3 years of treatment once the 

underlying land management practices (dewatering and excessive grazing) were corrected (Figure 

20).  Compared to irrigation-based restoration techniques, streams that involved full channel 

reconstruction (e.g., Kleinschmidt Creek below) often required extended (>10 year) recovery 

periods.  The study further concluded that consistent monitoring, landowner education and 

adaptive management of riparian grazing strategies was all critical for long-term sustainability on 

projects with active restoration.  In fact, most active restoration projects (7 of 13) that included a 

grazing component required adjustments to riparian grazing to protect new projects from the return 

Table 2.  

 

 

 
 

 

 

 

Table 3.  Summary of stream pre- and post-treatment habitat conditions associated with trends in 

trout response.  For this table, “nd” refers to no data and “nc” refers to no change resulting from 

the treatment.  Channel-type refers to Rosgen (1994) stream classification.  Post-treatment water 

temperature refers to the maximum summer temperature recorded during the last monitoring year. 
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of damaging riparian grazing practices.  These adaptive management measures underscore the 

importance of a consistent long-term monitoring approach to restoration projects.    
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Figure 20.  The left figure shows estimates of total trout abundance at reference sites by calendar year.  

Linear regression analysis indicates a long-term stable trend with a slope not significantly different from 

zero during the study period (slope=0.0001, P=0.59).  The graphs on the right shows average total trout 

abundance by years post-treatment.  The solid black line represents the grand average of total trout 

abundance for all monitoring observations in reference sites.  Gray dashed lines represent the 95% 

confidence interval around the reference average.  Note: this grand average incorporates both year-to-year 

and stream-to-stream variation in the reference dataset.  
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Blackfoot River: Trout Species Composition at Four Long-term Monitoring Sites – Population 

abundance and the composition of trout communities vary by river reach.  In addition, year-to-

year variability can be high depending on natural conditions (e.g., drought conditions, temperature 

extremes) and human effects (e.g., whirling disease, degradation and restoration).  To summarize 

response during the 30-year restoration period, the percent species composition was calculated for 

four river reaches where population monitoring data predates regulation changes in 1990 and the 

restoration period (Figure 1).  These data show consistent long-term community-level changes that 

favor westslope cutthroat trout beginning with regulations changes in 1990 (Figure 21).  These 

data along with special research studies (e.g., telemetry) and restoration case studies all reveal that 

multiple management strategies (basin scale protective regulations and multi-scale restoration) are 

necessary to improve the status of Blackfoot River native trout. 

 

Figure 21.  Percent trout species composition for four reaches of Blackfoot River, 1989-

2016.  The graphs show the changing composition of the trout community.  Long-term 

monitoring shows a river wide in westslope cutthroat trout metapopulation.  Monitoring 

site locations are shown on Figure 1. 
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Summary 

The Blackfoot restoration methodology represents a compelling 30-year case study of 

progressive river restoration and landscape conservation.  The river project began when fisheries 

field work revealed that riparian and aquatic habitat restoration were necessary to restore 

productive trout streams.  With goals of improving both tributary recruitment to the Blackfoot 

River and the status of native trout, restoration gained momentum during the 1990s.  Expanded 

data collections included longitudinal fish population surveys, continuous habitat surveys, 

assessments of geomorphic stream types, sediment, temperature, water quality and flow data, all 

of which were used help identify limiting factors.  With special attention to spawning and rearing 

areas and movement corridors, fish and habitat field data helped to prioritize high, moderate and 

low priorities and so provided strategies to help guide restoration to important habitats used by 

migratory native trout and other fishes of the Blackfoot River.  Once selected for restoration, 

reference reach data helped to compare (quantify) human impairments against functional natural 

stream conditions, and so provided templates for natural channel design, as well as a basis for 

fund-raising, permitting, and post-treatment monitoring and evaluation.  Long-term case studies 

reveal deeper, narrower, colder streams with lower instream sediment levels and improved habitat 

connectivity.  These conditions preceded various forms of population expansion including 

recolonization, the reestablishment of migratory life history expression, increases in abundance 

and biomass as well as a community-level shift towards westslope cutthroat trout in the Blackfoot 

River.  Though fish populations have clearly improved, riparian restoration provide essential 

habitat for a myriad of riparian-dependent wildlife species as well. 

Within the biological framework described in this report, engaging stakeholders directly 

with fisheries field information and coordinating projects with the Big Blackfoot Chapter of Trout 

Unlimited proved essential to the entire restoration process, especially with respect to private land.  

From this perspective, Trout Unlimited and other watershed groups have become better 

established, more effective and more inclusive.  In other words, the social framework that helped 

to enable the first 30 years of the Blackfoot River restoration program has proven very effective 

as well.   
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