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1. Abstract
During 2020 we monitored the status and trend of anadromous salmonids in the John Day
River basin. Specific metrics were: 1) spawning escapement of adult summer steelhead
Oncorhynchus mykiss in the South Fork John Day River population, 2) origin (hatchery or wild) of
adult summer steelhead in the entire John Day River basin, 3) summer rearing density of O.
mykiss in the South Fork and Middle Fork populations, 4) out-migrant abundance of summer
steelhead and spring Chinook Oncorhynchus tshawytscha, 5) productivity (recruits per parental
spawner) of select summer steelhead and spring Chinook populations, and 6) smolt-to-adultratios (SAR) for summer steelhead and spring Chinook describing survival through Columbia
River and Pacific Ocean life history phases.
We estimated that 3,696 adult steelhead escaped to spawn in the South Fork John Day River
during 2020, 94% of which were estimated to be wild-origin. Of the steelhead throughout the
John Day River basin which could be visually identified on spawning surveys as having or lacking
an adipose fin, 3.3% were classified as hatchery-origin. Out-migrant abundance of juvenile
steelhead from the South Fork, Upper Mainstem, and Middle Fork populations during migration
year 2020 remained consistent with prior years. All three populations have similar temporal
trends in production and survival from tagging to John Day Dam. The estimated smolt
equivalents (smolts alive at John Day Dam) produced from each population has also remained
consistent through time. Out-migrant abundance of Chinook from the Upper Mainstem and
South Fork John Day during migration year 2020 was consistent with the long-term average
since 2004, while out-migrant abundance from the Middle Fork increased from the prior years
monitoring period low.
Lessons Learned
Despite increases in out-migrant abundance during the 2010-2012 period, some John
Day salmonid populations continue to exhibit low freshwater productivity. Additional
freshwater rearing environment alterations (principally--reduction in maximum stream
temperature and increase in summer base flow) are required to increase the productivity of
Chinook and steelhead populations.
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2. Introduction
A. Fish Population Status Monitoring
The John Day River, located in northeastern Oregon, supports five wild populations of
summer steelhead (Oncorhynchus mykiss) and three populations of wild spring chinook
(Oncorhynchus tschawytscha) with no hatchery supplementation. However, these populations
remain depressed relative to historic levels. In 1999, the National Marine Fisheries Service
(NMFS) listed the Middle Columbia River summer steelhead Distinct Population Segment (DPS),
which includes the John Day River Major Population Group (MPG), as threatened under the
Endangered Species Act (ESA). Although numerous habitat protection and rehabilitation
projects have been implemented within the John Day River basin to improve steelhead and
other salmonid freshwater production and survival, it has been difficult to estimate the
effectiveness of these projects without a systematic program in place to collect information on
the status, trends, and distribution of spawning activity, juvenile salmonids, and aquatic habitat
conditions within the basin.
Prior to the inception of this project, population and environmental monitoring of steelhead
in the basin consisted of a combination of index spawning surveys and periodic monitoring of
some status and trend indicators. While index spawning data is useful for drawing inference
about long-term trends in adult steelhead abundance, they are limited for determining the
status of steelhead escapement or distribution at the population or MPG scale because survey
sites are not randomly selected and are likely biased towards streams with higher fish
abundance. A broader approach to the monitoring and evaluation of status and trends in
anadromous and resident salmonid populations and their habitats was needed to provide data
to effectively support restoration efforts and guide alternative future management actions in
the basin.
The Independent Scientific Review Panel (ISRP) recommended that the region move away
from index surveys and embrace probabilistic sampling for most population and habitat
monitoring. To meet the ISRP recommendation, the structure and methods employed by the
Oregon Plan for Salmon and Watersheds Monitoring Program were extended to the John Day
basin. This approach incorporates the Generalized Random Tessellation Stratified (GRTS)
sampling strategy. This employs a statistically based and spatially explicit sampling design to
answer key monitoring questions, integrate on-going sampling efforts, and improve agency
coordination. The current program seeks to integrate project objectives focused on summer
steelhead spawning metrics, juvenile salmonid metrics, and aquatic habitat conditions.
This project provides information as directed by two measures of the Columbia River basin
Fish and Wildlife Program. Measure 4.3C specifies that key indicators of naturally spawning
populations should be monitored to provide detailed stock status information. In addition,
measure 7.1C identifies the need for collection of population status, life history, and other data
on wild and naturally spawning populations. This project was developed in direct response to
the recommendations and needs of regional modeling efforts, the ISRP, the FCRPS BiOp, the Fish
8

and Wildlife Program, the Oregon Plan for Salmon and Watersheds, and the Columbia Basin Fish
and Wildlife Authority Multi-Year Implementation Plan.
Adult Steelhead Monitoring Objectives
1. Monitor status and trends of steelhead spawning distribution and abundance.
2. Estimate hatchery fraction of steelhead spawning population(s).
3. Provide background data that can be used for:
a. Stock assessment and recovery planning.
b. Comparison data for long-term effectiveness monitoring of habitat projects.
c. Annual estimates of spawner escapement, age structure, smolt-to-adult ratio, eggto-smolt survival, smolt-per-spawner ratio, and freshwater habitat use.
Juvenile Salmonid Summer Rearing Monitoring Objectives
1. Monitor status and trend of juvenile salmonid abundance in the Middle Fork and South
Fork John Day River populations.
2. Characterize abundance and density of juvenile salmonids at site and population scales.
3. Evaluate relative condition metrics of juvenile O. mykiss.
4. Evaluate age structure of juvenile salmonids in the Middle Fork and South Fork John Day
River populations.
Juvenile Salmonid Out-Migration Monitoring Objectives
1. Monitor the status and trend of out-migrant juvenile salmonid abundance.
2. Evaluate size and condition of out-migrant juvenile salmonids.
3. Evaluate age structure of out-migrant juvenile salmonids.
Productivity Monitoring Objectives
1. Estimate smolts per parental spawner for steelhead and Chinook populations.
2. Monitor status and trends in steelhead and Chinook productivity.
3. Assess productivity of natural salmonid populations and possible correlative factors.
4. Provide productivity measures for TRT recovery planning and implementation.
Smolt-to-Adult Ratio Monitoring Objectives
1. Tag emigrating summer steelhead to estimate smolt-to-adult ratio and provide tagged
juveniles for Comparative Survival Study (CSS).
2. Tag emigrating spring chinook to estimate smolt-to-adult ratio and provide tagged
juveniles for Comparative Survival Study (CSS).
3. Monitor status and trends of steelhead and Chinook survival rates.
This Project Supports the Fish and Wildlife (F&W) Program Strategies:
•
•

Assess the status and trend of adult natural and hatchery origin abundance of fish
populations for various life stages.
Assess the status and trend of spatial distribution of fish populations.
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•

Assess the status and trend of diversity of natural and hatchery origin fish
populations.

This project answers (provides data to help answer) the F&W Program Management
Questions:
•

What are the status and trend of adult abundance of natural and hatchery origin fish
populations?
What are the status and trend of spatial distribution of fish populations?
What are the status and trend of diversity of natural and hatchery origin fish
populations?

•
•

B. Tributary Habitat RM&E

The same objectives outlined in section A of this Introduction are applicable to section B as
well and therefore will not be differentiated in the Methods or Results sections of this report.
The data collected for these objectives will help evaluate population scale trends, which can be
viewed as the product of restoration efforts, background environmental conditions (e.g.,
magnitude and timing of precipitation), and starting stock abundance. These data will
additionally be used to represent the John Day Basin populations as an index stock for
comparison with other Columbia River populations. Our continued monitoring efforts to
estimate salmonid smolt abundance, age structure, SAR, freshwater production, freshwater
habitat use, and distribution of critical life stages will enable managers to assess the long-term
effectiveness of habitat projects and to differentiate freshwater and ocean survival.
This Project Supports the Fish and Wildlife (F&W) Program Strategy:
•

Monitor and evaluate tributary habitat conditions that may be limiting achievement
of biological performance objectives.

This project answers (provides data to help answer) the F&W Program Management
Questions:
•

What are the tributary habitat limiting factors (ecological impairments) or threats
preventing the achievement of desired tributary habitat performance objectives?

3. Methods: Protocols, Study Designs, and Study Area
Fish Population Status Monitoring Protocols and Study Designs
Adult Steelhead Monitoring
Estimating Adult Summer Steelhead Escapement in North East Oregon;
http://www.monitoringmethods.org/Protocol/Details/757
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Juvenile Salmonid Summer Rearing Monitoring
Juvenile Salmonid Density & Distribution in Northeast Oregon Watersheds;
http://www.monitoringmethods.org/Protocol/Details/370
Determine genetic structure of John Day subbasin steelhead populations;
http://www.monitoringmethods.org/Protocol/Details/444
Juvenile Salmonid Out-Migration Monitoring
Estimating Salmonid Smolt Abundance in Northeast-Central, Oregon;
http://www.monitoringmethods.org/Protocol/Details/456
John Day Basin Chinook Smolt Monitoring;
http://www.monitoringmethods.org/Protocol/Details/457
Productivity Monitoring
Estimating Adult Summer Steelhead Escapement in North East Oregon;
http://www.monitoringmethods.org/Protocol/Details/757
Estimating Salmonid Smolt Abundance in Northeast-Central, Oregon;
http://www.monitoringmethods.org/Protocol/Details/456
Smolt-to-Adult Ratio Monitoring
Smolt-to-Adult-Ratio (1998-016-00);
http://www.monitoringmethods.org/Protocol/Details/372

Tributary Habitat Monitoring Protocols and Study Designs
Scientific Protocol for Salmonid Habitat Surveys within the Columbia Habitat Monitoring
Program (CHaMP); http://www.monitoringmethods.org/Protocol/Details/416
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Study Area

Figure 1. Map of John Day River basin out-migrant monitoring sites. The North Fork trap site
was not operated during 2020.
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4. Results
Adult Steelhead Monitoring
Adult summer steelhead escapement monitoring during 2020 focused on the South Fork John
Day River population; we did not estimate escapement at the Major Population Group scale for
the John Day River. In the South Fork John Day River basin, we observed redds at 54% of sites
surveyed. The total South Fork steelhead escapement was estimated at 3,696, with 94%
Natural-origin Spawner Abundance (NoSA) (Figure 2). The NOAA recovery goal for abundance of
the South Fork steelhead population is an escapement of 500 adults (NMFS 2009). Our results
indicate escapement has exceeded this goal in 12 of the 15 years that we have estimated
spawning abundance in the South Fork.

S.F. John Day River Spawners

We estimated the proportion of hatchery origin spawners (pHOS) throughout the entire John
Day River basin at 2.5% in 2020 (Figure 3). This is the first year we have observed any hatcheryorigin steelhead in the John Day River basin since 2016. This increase in pHOS was expected
given the increase in Snake River smolt transportation in spring 2018 (Tattam and Ruzycki 2020).
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Figure 2. Annual adult steelhead escapement estimates for the South Fork John Day River basin
from 2006 to 2020. Error bars indicate 95% confidence intervals.
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Figure 3. Proportion of adult steelhead observed in the John Day River basin identified as
hatchery origin from 2004 to 2020 (bars). Also shown is the percentage of hatchery steelhead
smolts collected and barge transported from Lower Granite Dam (Snake River) two years prior
to the spawning year (triangles).
Juvenile Salmonid Summer Rearing Monitoring
In Murderers Creek (South Fork John Day River tributary), density of O. mykiss <100 mm ranged
from 0.31-0.97, 0.6-2.67, and 2.23-5.51 fish/m in the confined valley, alluvial valley, and canyon
sections, respectively. Density of O. mykiss ≥ 100 mm ranged from 0.23 – 0.68, 0.15-1.44, and
0.67-1.24 fish/m in the confined valley, alluvial valley, and canyon sections, respectively (Table
1, Fig. 4). Overall, mean (± 1 SD) O. mykiss ≥100 mm density was relatively consistent
throughout the 18 km study reach with a slight peak near river km 11. O. mykiss ≥ 100 density
was highest in canyon (0.98 ± 0.20 fish/m), moderate in the alluvial valley (0.54 ± 0.37) and
lowest in the confined valley (0.46 ± 0.18). This emphasizes the importance of planned
restoration actions in the alluvial valley, as increasing parr survival rates in an area with
moderate parr densities could increase total production. O. mykiss <100 mm density was
consistent between river km 0-11 (with the exception of two sites located between river km 6
and 7) and then increased after km 11, near the transition between the alluvial valley and
canyon. Overall mean (± 1 SD) O. mykiss < 100 mm density was highest in the canyon (3.94 ±
1.09 fish/m), moderate in the alluvial valley (1.53 ± 0.77) and lowest in the confined valley (0.65
± 0.29). In 2019 we observed higher densities of O. mykiss < 100 mm in the Canyon section than
in the confined or alluvial section. We hypothesized the higher density of O. mykiss < 100 mm
was correlated to the higher redd densities also observed in the canyon. Our 2020 sampling
provides additional evidence that redd density and O. mykiss < 100 mm density are correlated.
We again observed a peak in O. mykiss < 100 density near locations with high redd densities.
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Interestingly, the relationship between juvenile O. mykiss density and redd density appears to
disappear for O. mykiss ≥ 100 mm. The lack of correlation between O. mykiss ≥ 100 mm and
redd density suggests fish are redistributing throughout the study area within their first year.
Finally, we did not observe a relationship between beaver dam density and O. mykiss ≥ 100 mm
density suggesting beaver activity is not impeding the redistribution of O. mykiss ≥ 100 mm.
In the Middle Fork of the John Day (MFJDR), we detected 1,079 (43%) and 101 (18.3%) unique O.
tshawytscha and O. mykiss, respectively, on 11 stationary antennas. Dispersal of PIT tagged O.
tshawytscha into tributaries varied across treatment reaches. In total we detected 226 (9%) O.
tshawytscha at tributary stationary antennas. O. tshawytscha tagged in Vinegar to Bridge (V2B)
used tributaries to the greatest extent, followed by O. tshawytscha tagged in Vinegar to Vincent
(V2V), Bridge to End (B2E), and Caribou to Vincent (C2V, Fig. 6). We did not detect any O.
tshawytscha tagged in R2G on tributary antennas. Similar to O. tshawytscha, the dispersal of PIT
tagged O. mykiss into tributaries varied across treatment reaches. In total we detected 39 (7%)
O. mykiss at tributary stationary antennas. O. mykiss tagged in V2B used tributaries to the
greatest extent, followed by O. mykiss tagged in V2V, R2G and C2V (Fig. 6). In 2019 and 2020
the MFJDR antenna at Vincent Creek recorded a large outmigration of Vinegar Creek O. mykiss
between October and December. These results build upon prior years estimates of low juvenile
densities in the mainstem section of the Upper MFJDR (Forrest Conservation Area). Summer
stream temperatures are likely above optimal or critical levels in these reaches, forcing juvenile
salmonids to behaviorally thermoregulate via immigration into cooler tributary streams.

Figure 4. Density (fish/m) of two size classes of O. mykiss (< 100 mm - light grey, and ≥100 mm - dark grey)
observed in 2019 (left) and 2020 (right) at 23 sites in the lower 18 km of Murderers Creek (A) plotted above the
density of steelhead redds (redd/500 meters) and beaver dams (dams/500 meters) observed during census surveys
in the same 18 km reach (B).
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Figure 5. Density (fish/m) of juvenile O. tshawytscha and O. mykiss observed at Middle Fork John Day River

tagging locations during 2019 (left) and 2020 (right) sampling. Observed densities are color coded by sampling
reach.

Figure 6. Percent of PIT tagged O. tshawytscha (A) and O. mykiss (B) that were detected at a tributary stationary
PIT tag antenna. Percent of fish detected are separated by tagging section (x – axis ) and tagging month (color
scale). The numbers located on top of each bar are the number of fish that were tagged during the associated
month and in the associated section.
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Juvenile Salmonid Out-Migration Monitoring
Juvenile Steelhead Capture and Tagging
Out-migrant abundance of juvenile steelhead from the South Fork, Upper Mainstem, and
Middle Fork populations during 2020 remained consistent with prior years. All three populations
have similar temporal trends in production and survival from tagging to John Day Dam. The
estimated smolt equivalents (smolts alive at John Day Dam) produced from each population has
also remained consistent through time, with the exception of several low abundance years for
the Middle Fork population. A significant correlation in survival from tagging to John Day Dam
exists among these three populations. Age structure and size-at-age of migrants is similar among
the three populations; most migrants are 1 – 3 years old, and a few are 4 years old.
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Figure 7. Annual population estimates of outmigrant juvenile steelhead on the Upper
Mainstem, Middle Fork, and South Fork of the John Day River, and corresponding estimates for
smolt equivalents at John Day Dam. Population estimates for outmigrating juvenile steelhead
were made by summing daily abundance estimates at rotary screw traps over the migration
season (October – June). Smolt equivalents at John Day Dam were estimated by multiplying
trap-site population estimates by trap-site specific survival estimates for fall and spring migrant
groups (see figure 2.3). For years (e.g. Upper Mainstem 2012 – 2014 and 2016-2018) where
survival data were unavailable, no estimates of smolt equivalents were made. Population
estimates from years 2014 – 2016 at the South Fork trap are being revised and currently lack
confidence intervals.
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Figure 8. Daily estimates of juvenile steelhead (O. mykiss) outmigrants at rotary-screw trap sites
in the John Day River basin. Estimates were generated using a p-spline Program R package
(Duarte and Peterson, unpublished) that combines a daily catch x trap-efficiency estimate with a
generalized additive model based-smoothing term to estimate daily abundance of out-migrants
at each trap site.

Figure 9. Annual survival from tagging to John Day Dam of outmigrating steelhead (February 1 –
June 30).

Figure 10. Correlation of survival estimates from tagging to John Day Dam between three
populations of steelhead (e.g the Mainstem, Middle Fork, and South Fork) in the John Day River
basin. Survival is correlated between all populations.
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Figure 11. Age and size-at-age structure of out-migrant steelhead (migration year 2020) caught
in rotary screw traps operating on the Middle Fork, South Fork, and Upper Mainstem of the John
Day River.
Juvenile Chinook Capture and Tagging
Out-migrant abundance of Chinook during 2020 was consistent with the long-term
average since 2004, with significantly higher abundance of migrants from the Upper Mainstem
as compared with the Middle Fork. Chinook migrants display a portfolio of life history strategies.
We observe them emigrating from natal reaches in the Upper Mainstem to rear in the South
Fork (where spawning does not occur), as well as variability in the timing of migration by
individual fish. In some years, survival among life history strategies is not consistent (e.g. fall
migrant fish having lower survival in 2012 and 2013), and thus some life history strategies in the
portfolio contribute more to the total abundance of smolts out-migrating from the John Day
basin. This portfolio effect is supported by the observation that survival from tagging to John
Day Dam is not correlated between fall and spring migrants. Fall migrants generally have lower
survival estimates, but can still produce a preponderance of smolt equivalents at John Day Dam
when their abundance is greater than spring migrants, as is the case for the Upper Mainstem
population in some years.
20

Figure 12. Annual population estimates of outmigrant juvenile Chinook on the Upper Mainstem,
Middle Fork, and South Fork of the John Day River, and corresponding estimates for smolt
equivalents at John Day Dam. Note: the Y axis range for each plot is unique. Population
estimates for outmigrating juvenile Chinook were made by summing daily abundance estimates
at rotary screw traps over the migration season (October – June). Smolt equivalents at John Day
Dam were estimated by multiplying trap-site population estimates of fall and spring migrants by
basin-wide survival estimates for fall and spring migrant groups. For years (e.g. Upper Mainstem
2006 – 2011; Middle Fork 2006 – 2011) or sites (e.g. South Fork) where population or survival
data were unavailable for the fall outmigrant group no estimates of smolt equivalents were
made.
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Figure 13. Annual population estimates of fall vs spring outmigrant juvenile Chinook on the
Upper Mainstem and Middle Fork of the John Day River. Population estimates for outmigrating
juvenile Chinook were made by summing daily abundance estimates at rotary screw traps over
the fall (October – January) and spring (January – June) migration seasons. In some years (e.g.
mainstem 2006 – 2007: and Middle Fork 2006 and 2008) no data were available for fall
outmigrants.

Figure 14. Annual abundance estimates and estimated smolt equivalents at John Day Dam.
Estimates prior to 2000 are from Lindsay et al. (1986). Note: no seining occurred during
migration year 2011, and during migration year 2020 seining was truncated by COVID-19
restrictions on river use.
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Figure 15. Survival from tagging to John Day Dam of outmigrating fall migrants (October –
January) and spring migrants (January – May).

Productivity Monitoring
Estimates of steelhead smolts-per-spawner for the South Fork and Middle Fork populations both
show declining rates of per-capita production with increasing spawner abundance. While there
are as yet too few years of data available for either population to develop stock-recruit
relationships, there appears to be a comparable density-dependent influence on smolt
production in both steelhead populations.
Evidence for density dependent production is also present in the Upper Mainstem Chinook
population, but is much weaker in the Middle Fork Chinook population. Indeed, a nearly 7-fold
range in production has been observed for the Middle Fork population at low spawner
abundance (circa 100 redds); indicating that density-independent factors (e.g., stream flow and
stream temperature) have a larger influence on per-capita production in this population than
spawner abundance. Maximum stream temperature remains the most important densityindependent production factor for Chinook.
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Figure 16. Estimated summer steelhead smolt equivalents per spawner for the South Fork and
Middle Fork John Day River populations.
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Figure 17. Relationship between estimated Spring out-migrant Chinook per redd and brood year
redds for the Middle Fork and Upper Mainstem John Day River populations. Error bars are 95%
confidence intervals.
Smolt-to-Adult Ratio Monitoring
Smolt-to-adult ratio (SAR) for Chinook during the 2016 migratory year (now fully
complete after 3-salt returns in 2019) declined significantly below the recent three years.
Conversely, steelhead SAR for the 2016 migration year rebounded from the low observed in
2015. Migratory year 2015 was also the first year in our data set during which Chinook SAR
exceeded steelhead SAR. Ocean entry timing differences between Chinook and steelhead may
have driven the discrepancy in SAR trend in this most recent year. This emphasizes the
importance of a diverse portfolio in the timing of key life history events (e.g., smoltification and
ocean entry) within a population. Both species exhibited significant declines in SAR for
migration year 2017 as compared to migration year 2016.

Figure 18. Smolt-to-adult survival of juvenile spring Chinook and summer steelhead tagged with
Passive Integrated Transponder tags in the John Day River basin during smolt migration years
2000–2017. Survival is estimated from smolt passage at John Day Dam to adult detection at
Bonneville Dam. Error bars are 95% confidence intervals.

Tributary Habitat Status and Trends
A complete analysis of the habitat data collected in the South Fork and Middle Forks of the
John Day River is beyond the scope of this annual report. We continue to coordinate with
partners (Confederated Tribes of the Warm Springs, NOAA Fisheries) to advance habitat data
assessment and analyses. As an example, the CHaMP data were combined with fish abundance
data for the Middle Fork John Day steelhead population to publish a life-cycle model (McHugh
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et al. 2017). This publication integrates multiple data streams, and used the CHaMP data to help
predict the efficacy of different restoration strategies (e.g., in-channel large wood placement,
riparian vegetation recovery, etc.).
As the time-series grows, we will estimate egg to young-of-the-year survival, young-of-theyear to parr survival, and parr-to-smolt survival. As part of future contracts, we will use an
information-theoretic framework to evaluate the relationship among habitat metrics and our
estimates of fish survival at both a population and site scale. This analysis will help identify
potential impairments that can be targeted for remediation.

5. Discussion and Adaptive Management
Adult steelhead escapement in the South Fork John Day River during 2020 again met the
recovery goal for abundance. Adult-smolt recruitment modeling of the South Fork John Day
River indicates that maximum sustained production of smolts for this population is achieved at
approximately 1,200 spawners.
Since 2008, there has been a decline in the proportion of hatchery-origin spawners in the
John Day River summer steelhead MPG. This trend was preceded by declines in the proportion
of hatchery steelhead smolts barge transported through the Columbia and Snake rivers. Our
2020 results corroborate prior years and documents a slight rise in steelhead PHoS in the John
Day River basin, corresponding with an increase in the percentage of barged smolts. This
correlation suggests that limiting smolt transportation in the Snake River to < 20% of the total
smolt population may be able to produce 0% PHoS estimates in the John Day River during future
years. Of equal importance, low smolt transport fractions will also minimize straying of naturalorigin Snake River adults, which are equally likely to stray into the John Day River when barged.
As our monitoring time-series grows, we will estimate egg to young-of-the-year survival,
young-of-the-year to parr survival, and parr-to-smolt survival for key monitoring sites such as
the South Fork John Day (Murderers Creek) and the Middle Fork John Day. As part of future
work within the John Day ATLAS framework, we propose an information-theoretic approach to
evaluate the relationship among habitat metrics and our estimates of fish survival at both a
population and site scale. This analysis will help identify potential impairments that can be
targeted for remediation.
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Appendix A: Use of Data, Products & Publications
Viable Salmonid Population (VSP) indicator and metric data that support and feed ODFW’s
Recovery Planning and BiOP reporting needs are summarized and compiled into a standard
format (Coordinated Assessments Data Exchange Standard; (DES)) at the population level and
stored in a central server location. VSP data in DES format is quality checked, reviewed and
approved for sharing by a data steward and the primary VSP data contact for each population(s).
Upon reviewer approval, data in DES format is made available to the public and interested
parties through upload on ODFW’s Salmon and Steelhead Recovery Tracker
(http://odfwrecoverytracker.org/), NOAA’s Salmon Population Summary (SPS;
https://www.webapps.nwfsc.noaa.gov/apex/f?p=261:home:0) database and StreamNet
(http://www.streamnet.org/).
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Appendix B: Detailed Results
Juvenile Salmonid Summer Rearing Monitoring
Oregon Department of Fish and Wildlife has conducted juvenile salmonid and habitat
surveys in the John Day Basin since 2011 to support two primary objectives – 1) monitor the
status and trends of salmonids and their habitat and 2) provide information for the
development of fish-habitat relationships, limiting factor analyses, prioritization and planning of
restoration and management, and pre-project baselines for effectiveness monitoring programs.
In 2011-2017 we selected juvenile salmonid and habitat sampling locations using the
Generalized Random Tessellation Stratified (GRTS) spatial sampling scheme (Stevens 2002).
Using the GRTS spatial sampling scheme to select sample locations ensured sample locations
were spatially balanced and representative of the spatial density of salmonid rearing habitat
therefore supporting effective trend and status monitoring. In 2018 we continued the GRTS
sampling scheme at a reduced number of sites in the South Fork. In the Middle Fork, we
instead opportunistically selected sampling sites from the GRTS Master Sample list to provide
information to the ongoing and future restoration efforts within the John Day basin, supporting
objective 2. Samples for 2019 and 2020 in the Middle Fork were targeted toward sites that
were in proximity to or inside of restoration project reaches which were temporally logical to
sample (i.e., sites that had not been sampled in the prior 1-2 years). In 2011 and 2012 we
incorporated the Upper Main (UM), Lower Main (LM), North Fork (NF), South Fork (SF) and
Middle Fork (MF) John Day river basins into GRTS sampling scheme. Since 2013 we have only
conducted surveys the SF and MF John Day river basin.
Methods
Tributary Habitat Status and Trends
Between 2011-2018 Oregon Department of Fish and Wildlife conducted juvenile salmonid and
habitat surveys in the John Day Basin under the Columbia Habitat and Monitoring Program (CHaMP;
2014) to support two primary objectives – 1) monitor the status and trends of salmonids and their
habitat and 2) provide information for the development of fish-habitat relationships, limiting factor
analyses, prioritization and planning of restoration and management, and pre-project baselines for
effectiveness monitoring programs (Bare et al. 2019). Starting in 2019 we refocused our sampling efforts
to simultaneously build on data collected from 2011-2018 and to meet the three objectives outlined by
the 2019 Columbia Basin Habitat Research, Monitoring and Evaluation Strategy Steering Committee. The
objectives outlined by the steering committee are 1) document habitat improvement actions
implemented under the FWP; 2) assess the effectiveness of habitat actions within the Columbia River
Basin’s tributaries, including habitat conditions and changes over time (status and trend monitoring);
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and 3) produce information to aid efforts to prioritize and adaptively manage habitat improvement
programs.
To efficiently meet the three objectives outlined above we first solicited habitat improvement
proposals from multiple agencies implementing habitat improvement projects throughout the John Day
Basin (i.e. Forest Service, Oregon Department of Fish and Wildlife and the Confederated Tribes of Warm
Springs). We then ranked each habitat improvement proposal based on two criteria 1) the feasibility (i.e.
cost, property access etc.) of implementing a project effectiveness monitoring plan and 2) the likelihood
of research, monitoring and evaluation (RM&E) efforts to inform future restoration actions across
multiple spatial scales and geographic regions. Based on these criteria we selected two large scale
habitat improvement projects to focus our RM&E efforts on in 2019 and 2020. Our first project is
located within the lower 18 km of Murderers Creek in the South Fork John Day River (SFJDR) Basin and
our second project is in the upper Middle Fork of the John Day River (MFJDR) in the MFJDR Basin.
Murderers Creek
Murderers Creek project description
Murderers Creek is a tributary to the South Fork John Day River, located in Grant County,
Oregon. The anadromous form of Oncorhynchus mykiss, steelhead trout, readily use the lower 18 km of
Murderers Creek (herein referred to as the study area) for both spawning and rearing. Steelhead trout
migration beyond 18 km is intermittently blocked by a natural obstacle. Natural reproduction of resident
O. mykiss above the barrier has been observed and may contribute to steelhead trout outmigration. The
lower 18 km of Murderers Creek is characterized by three geomorphically distinct regions - a confined
valley (river km 0-4), an alluvial valley (river km 4-12.3) and a canyon (river km 12.3- 18) section. The
proposed Murderers Creek habitat improvement project aims to treat 4 km of stream located entirely
within the alluvial valley of Murderers creek, between river km 4.5-8.3 (Fig. 1). Treatment will include
the construction of channel spanning structures, mid-channel island forming structures, deflector
structures, post line with wicker weave, pile supported deflectors as well as excavation of pilot channels,
rip-rap removal, gravel augmentation, expanding the riparian corridor and berm removal. The proposed
implementation objectives include increasing habitat diversity and complexity, increasing the rate of
channel evolution and reconnecting floodplain habitat. The primary biological objective is to increase
salmonid rearing and spawning capacity.
Murderers Creek project effectiveness monitoring
We are using a modified Before-After-Control-Impact (BACI) sampling design to monitor the
effectiveness of the Murderers Creek habitat improvement project. Specifically, we will use the BACI
sampling design to monitor changes in habitat complexity and diversity, O. mykiss spawner density and
distribution, juvenile O. mykiss density, distribution and, condition and juvenile O. tshawytscha
abundance and distribution pre and post treatment. The habitat improvement reach is the impact, or
treatment reach, and the 4.4 km section located downstream and the 11 km stream section located
upstream, of the treatment, are control reaches. In 2019 we began monitoring 21 new sites throughout
the control and treatment reaches and two historical sites (one in the treatment reach and one in the
upstream control reach), marking the first year of targeted pre-treatment data collection (Fig. 2). In
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addition to these 22 sampling locations we have habitat and/or fish abundance data beginning as early
as 2004 from 12 sampling locations that we will opportunistically incorporate into our change detection
analysis.
Site Selection
To select the 21 new sampling locations we used the Valley Confinement Algorithm
(https://www.fs.fed.us/rm/boise/AWAE/projects/valley_confinement/downloads/ValleyConfinementAl
gorithmGeneralMetadata.pdf) to identify distinct geomorphic regions within the project area. The Valley
Confinement Algorithm identifies unconfined valleys throughout a stream network. We used breaks
between unconfined and confined valleys to define three distinct geomorphic regions – confined valley,
alluvial valley and canyon. We then used a stratified random sampling scheme to randomly assign
sampling locations to the study area, spaced at least 300 m apart. We assigned five, eleven and four
sampling location to the canyon, alluvial valley and confined regions, respectively. The number of
sampling locations in each geomorphic region was proportional to the percent of the project area
occupied by each geomorphic region. We then added one sampling location at the upstream extent of
the study area. Five of the sampling locations are in the treatment reach, five are in the downstream
control reach and eleven are in the upstream control reach. Sampling reaches with a mean bankfull
width greater than 10 m were 200 m long and sampling reaches with a mean bankfull width less than 10
m were 160 m long.
Spawning distribution and abundance
In 2019 and 2020 we conducted a two-pass steelhead redd census counts in the project area
following ODFW protocols (ODFW, 2012). In both years we aimed to conduct three passes, at the onset
of spawning, during peak spawning and post spawning, but high water and or turbidity limited us to two
passes.
Habitat monitoring
In 2019, at the 21 new and 2 historic sampling locations we followed CHaMP (2014) protocols to
designate channel units throughout the 160 or 200 m reach. In each channel unit we recorded seven
channel unit characteristics;
i. Max depth
ii. Average depth at 25%, 50% 75% of the wetted width
iii. Fish cover percent
iv. Substrate cover percent
v. Average wetted width (measured once per channel unit)
vi. Bankfull width (measured once per channel unit)
vii. Bankfull height (measured once per channel unit)
In 2020 we conducted a beaver dam census throughout on Murderers Creek river kilometers 015.0. During the census we recorded all notched and active beaver dams. We included notched beaver
dams in the census count because these dams represent overall beaver activity on the landscape.
Juvenile salmonid monitoring
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At each site we used single pass or mark-recapture electrofishing to survey juvenile salmonids.
Within each geomorphic region we randomly selected two, or 25% (whichever was greatest) of the sites
for mark-recapture sampling. During sampling we recorded fork length and weight for each fish. This
information allowed us to establish site-specific pre-treatment O. mykiss and O. tshawytscha density,
age structure, and condition.
Density – We corrected our raw catches of two size classes of O. mykiss (< 100 and ≥ 100 mm)
using the mean capture efficiency observed during mark/recapture sampling (Eq. 1, 2). We then
estimated fish density (Eq. 5) at each site. In reaches where mark-recapture sampling was conducted we
also estimated density of the two size classes of O. mykiss using the Chapman-Petersen method (Eq. 3
and 4).
Estimation of abundance based on mean capture efficiency:
1
𝑛𝑛
𝐶𝐶1
𝐶𝐶𝐶𝐶

𝑅𝑅

𝐶𝐶𝐶𝐶 = × ∑𝑛𝑛𝑖𝑖 𝑀𝑀𝑖𝑖 ,
𝑁𝑁 =

(1)

𝑖𝑖

(2)

where,
i = mark-recapture event
C1 = total number of fish caught during first pass
CE = mean capture efficiency
N = population estimate
R = number of recaptures in the second pass.
M = number of fish caught, marked and released in first pass
Estimation of abundance using the Chapman-Petersen method (Lockwood and Schneider 2000):
𝑁𝑁 =

(𝑀𝑀+1)(𝐶𝐶+1)
,
𝑅𝑅+1

𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉 𝑜𝑜𝑜𝑜 𝑁𝑁 =

(3)
𝑁𝑁²(𝐶𝐶2 −𝑅𝑅)
(𝐶𝐶2 +1)(𝑅𝑅+2)

(4)

where,
C2 = total number of fish caught in second pass
M = number of fish caught, marked and released in first pass
N = population estimate
R = number of recaptures in the second sample.
Site-level fish density:
𝐷𝐷𝑖𝑖 =

𝑁𝑁𝑖𝑖
𝑑𝑑𝑖𝑖

(5)

where
Di = fish density (fish/linear m) at site i
Ni = estimated abundance based on mean capture (or snorkeler) efficiency at site i
di = linear stream length (m) sampled at site i
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Age structure – Following the methods outlined in Ogle (2016) we developed and applied a
modeled (multinomial logistic regression) age-length key to estimate the age structure of captured O.
mykiss in Murderers Creek. Age-length keys are developed by establishing a relationship between fish
length and age. To establish the relationship between fish fork length and age we used scales collected,
and later aged, from a subsample of fish captured during 2020 sampling on Murderers Creek. We
developed and applied a separate modeled age-length key for each geomorphic region. The need for
separate length-age keys for each geomorphic region was identified during 2019 data analysis and
described in Bare et al. (2020). We applied individual age-length keys developed for each region to
length data collected during 2019 and 2020 sampling. Finally, to establish baseline O. mykiss age
structure in each geomorphic region we calculated the proportion of fish at each age in each site. We
used site proportions to compare average proportion of fish at each age across each geomorphic region.
Fish condition – We used Fulton’s condition factor to index the condition of juvenile O. mykiss
and O. tshawytscha ≥ 70 mm FL at each site. We then calculated average geomorphic region condition
factor. Fulton’s condition factor was estimated by:
𝐾𝐾 =

𝑊𝑊
𝐹𝐹𝐹𝐹3

× 105

(6)

where,
K = Fulton’s condition factor
FL = Fork length, measured in mm
W = Fish weight, measured in g
Murderers Creek 2020 sampling results and discussion
Spawning distribution and abundance
During the 2020 two census redd surveys we observed 60 redds, 0 in the confined valley, 18 in
the alluvial valley and 42 in the canyon. To explore how the distribution of redds relates to the density of
juvenile O. mykiss we used a sliding window analysis to count the number of redds along the 18 km
stream reach (Fig. 3). For the sliding window analysis we used a bin size of 500 meters. Redd density
was highest in the canyon (1-10 redds/500m), lower in the alluvial valley (1-4), and non-existent in the
confined valley.
Habitat monitoring
In 2020 we conducted a beaver dam census from between river km 0-15. To explore how the
distribution of beaver dams (both breached and active) relates to the distribution of redds and the
density of juvenile O. mykiss we again used a sliding window analysis to count the number of beaver
dams along the 15 km stream reach (Fig. 3). Similar to the redd sliding window analysis, we used a bin
size of 500 meters. Mean (± 1 SD) beaver dam density was highest in the confined valley (2.17 ± 2.64),
lower in the alluvial valley (1.87 ± 2.67) and lowest in the canyon (0.27 ± 0.08).

Juvenile salmonid monitoring
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In the confined valley we conducted mark-recapture electrofishing at two sites and single pass
electrofishing at two sites. In the alluvial valley we conducted mark-recapture electrofishing at three
sites and single pass electrofishing at nine sites. In the canyon we conducted mark-recapture
electrofishing at two sites and single pass electrofishing at five sites. Mean mark/recapture capture
efficiency was 0.28, 0.18, and 0.39 for all O. mykiss, O. mykiss < 100 mm and O. mykiss ≥ 100 mm,
respectively.
Density – Density of O. mykiss <100 mm ranged from 0.31-0.97, 0.6-2.67, and 2.23-5.51 fish/m
in the confined valley, alluvial valley, and canyon sections, respectively. Density of O. mykiss ≥ 100 mm
ranged from 0.23 – 0.68, 0.15-1.44, and 0.67-1.24 fish/m in the confined valley, alluvial valley, and
canyon sections, respectively (Table 1, Fig. 3). Overall, mean (± 1 SD) O. mykiss >100 mm density was
highest in canyon (0.98 ± 0.20 fish/m), moderate in the alluvial valley (0.54 ± 0.37) and lowest in the
confined valley (0.46 ± 0.18). Overall mean (± 1 SD) O. mykiss < 100 mm density was highest in the
canyon (3.94 ± 1.09 fish/m), moderate in the alluvial value (1.53 ± 0.77) and lowest in the confined
valley (0.65 ± 0.29).
In 2019 we observed higher densities of O. mykiss < 100 mm in the Canyon section than in the
confined or alluvial section. We hypothesized the higher density of O. mykiss < 100 mm was correlated
to the higher redd densities also observed in the canyon. Our 2020 sampling provides additional
evidence that redd density and O. mykiss < 100 mm density are correlated. We again observed a peak in
O. mykiss < 100 density near locations where redd densities were also high. Interestingly, the
relationship between juvenile O. mykiss density and red density appears to disappear for O. mykiss ≥
100 mm. The lack of correlation between O. mykiss ≥ 100 mm and redd density suggests fish are
redistributing throughout the study area within their first year. Finally, we did not observe a relationship
between beaver dam density and O. mykiss ≥ 100 mm density. Our preliminary data suggests beaver
activity is not impeding the redistribution of O. mykiss ≥ 100 mm nor the distribution of adult steelhead
spawners.
Density of O. tshawytscha was low throughout Murderers Creek. We captured a total of 16 O.
tshawytscha between eight sampling location, two in the confined valley, five in the alluvial valley and
one in the canyon. Because O. tshawytscha density was low we used the mean capture efficiency
recorded for O. mykiss (0.28) to estimate the density of O. tshawytscha when present (Table 1). Average
O. tshawytscha density was highest in the confined valley (0.02 ± 0.03), lower in the alluvial valley (0.01
± 0.02) and nearly 0 in the canyon section (we captured one fish at one site in the canyon).
Age structure – We developed an age-length key for each geomorphic region and applied the
age-length key to all O. mykiss that were captured within each geomorphic region. We estimated O.
mykiss age ranged from 0-2 and found the majority of captured O. mykiss were age 0 (55% in 2019 and
63% in 2020; Fig. 4). In both 2019 and 2020 age 0 fish represented the highest proportion of fish
handled in the Canyon section, while age 1 fish represented the highest proportion of fish handled in the
alluvial and confined valley (Fig. 4). In all three geomorphic regions age 2 fish represented very low
proportions of the total number of fish handled.
The reported age structure, while useful, may need some refinement. Based on visual inspection
of the natural breaks in the length frequency histogram and assigned ages there is evidence the
assigned ages are questionable for the canyon section (Fig. 5). The length of age zero fish in the canyon
section has a bimodal distribution, when we might expect a unimodal distribution. If some of the larger
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fish that were assigned age zero are actually age 1 than the observed difference in proportion of age 0
fish between the three geomorphic regions may dissolve. While the bimodal distribution is
questionable, it is possible the observed distribution is reflecting true differences in fish length at age in
the canyon. If true, bimodal distribution of length at the same age may reflect a bimodal distribution in
fish emergence timing or growth rate.
Fish Condition – There was not a significant difference in O. tshawytscha or O. mykiss condition
(Fulton’s K) between the three geomorphic regions (Fig. 6). In 2019 average O. tshawytscha condition
was 1.16 ± 0.12 and average O.mykiss condition was 1.08 ± 0.13. In 2020 average O. tshawytscha
condition was 1.11 ± 0.16 and average O.mykiss condition was 1.01 ± 0.12.
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Murderers Creek figures and tables

Figure 1. Murderers Creek is a tributary to the South Fork John Day River. The lower 18 km of Murderers
Creek is classified by three geomorphically distinct regions, a confined valley (light blue), an alluvial
valley (medium blue) and a canyon (dark blue). Upstream steelhead migration is periodically blocked by
a natural obstruction at river km 18 (red x). A habitat improvement project is planned in a portion of the
alluvial valley (highlighted in pink).

Figure 2. In 2020 we conducted two redd census surveys in the lower 18 km of Murderers Creek, one
beaver dam census survey in the lower 15 km of Murderers Creek as well as conducted juvenile
abundance surveys at 23 sites within the lower 18 km of Murderers Creek (red dots).
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Table 1. Density (fish/m) of O. tshawytscha and two size classes of O. mykiss (< 100 mm and ≥100 mm) observed in 23 sites in the lower 18 km of
Murderers Creek during 2020 sampling.

Site
Murd_1
Murd_2
Murd_3
Murd_4
Murd_5
Murd_6
Murd_7
Murd_8
Murd_9
JDW00001-MRM2
Murd_10
Murd_11
Murd_12
Murd_13
Murd_14
Murd_15
JDW00001-MRU1
Murd_16
Murd_17
Murd_18
Murd_19
Murd_20
Murd_21

Year

O. mykiss <
100 mm
density

O. mykiss ≥
100 mm
density

O. tshawytscha
density

2020
2020
2020
2020
2020
2020
2020
2020
2020
2020
2020
2020
2020
2020
2020
2020
2020
2020
2020
2020
2020
2020
2020

0.97
0.54
0.80
0.31
0.60
1.25
1.45
2.39
2.67
0.75
1.02
1.31
0.97
0.91
2.36
2.67
2.23
4.34
5.51
3.45
4.87
3.84
3.31

0.48
0.47
0.68
0.23
0.15
0.34
0.39
0.79
0.45
0.19
0.21
0.33
0.66
0.62
1.44
0.91
0.67
1.24
1.06
0.85
1.07
0.85
1.13

0
0
0.03
0.05
0
0
0
0
0.02
0
0
0
0.02
0.07
0
0.03
0.04
0.03
0
0
0
0
0

Geomorphic
region
Confined
Confined
Confined
Confined
Alluvial
Alluvial
Alluvial
Alluvial
Alluvial
Alluvial
Alluvial
Alluvial
Alluvial
Alluvial
Alluvial
Alluvial
Canyon
Canyon
Canyon
Canyon
Canyon
Canyon
Canyon

Section
DS control
DS control
DS control
DS control
Treatment
Treatment
Treatment
Treatment
Treatment
Treatment
Treatment
US control
US control
US control
US control
US control
US control
US control
US control
US control
US control
US control
US control

Bottom of site
latitude

Bottom of site
longitude

44.31908394
44.31683097
44.31220869
44.31276675
44.3113166
44.30820708
44.30443598
44.30098196
44.29511438
44.29388191
44.29163899
44.29098001
44.28852721
44.28741166
44.28436602
44.28297403
44.2800081
44.27657302
44.27531088
44.270859
44.27434403
44.27495901
44.27767701

-119.5325559
-119.51958
-119.51658
-119.5071733
-119.50614
-119.4986815
-119.489022
-119.48516
-119.4722894
-119.470181
-119.46842
-119.466614
-119.4564215
-119.4387567
-119.435057
-119.431685
-119.4261271
-119.419742
-119.4104834
-119.399588
-119.384102
-119.375392
-119.362084
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Figure 3. Density (fish/m) of two size classes of O. mykiss (< 100 mm - light grey, and ≥100 mm - dark grey) observed in 2019 (left) and 2020
(right) at 23 sites in the lower 18 km of Murderers Creek (A) plotted above the density of steelhead redds (redd/500 meters) and beaver dams
(dams/500 meters) observed during a census surveys in the same 18 km reach (B).
46

Figure 4. The average proportion of O. mykiss at each age in the confined valley (purple), alluvial valley
(green) and canyon (brown) sections of Murderers Creek. Error bars represent one standard deviation of
the mean.
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Figure 5. Length frequency of O. mykiss, color coded by age, captured at five sites in the confined valley,
eleven sites in the alluvial valley and five sites in the canyon sections of Murderers Creek.
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Figure 6. Condition factor (Fulton’s K) of O. mykiss captured at 23 sites, and O. tshawytscha, captured at
nine sites, in three geomorphically distinct regions (canyon, alluvial valley and confined valley) of
Murderers Creek.
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Middle Fork of the John Day River
MFJDR Project description
In 2002 the Confederated Tribes of Warm Springs (CTWS) acquired the Forrest Conservation
Area, which included an 842 acre parcel of land on the MFJDR encompassing 6.4 river km. The parcel of
land on the MFJDR is known as the Middle Fork Forrest Conservation Area (MFFCA). Since their
acquisition CTWS has implemented several habitat improvement projects on the MFFCA targeted at
improving salmonid spawning and rearing habitat in the MFJD. Most recently CTWS secured funding to
implement phase two of a habitat restoration project that began in 2017, located on the MFJDR
between Caribou Creek and Vincent Creek, as well as begin a new habitat restoration project located on
the MFJDR between Vincent Creek and Vinegar Creek. Treatment between Caribou Creek and Vincent
Creek will include the addition of approximately 30 large woody debris structures, 5 mid channel bar
creations, 200 m of high-flow side channel excavation and 5 railroad grade breaches. Treatment
between Vincent Creek and Vinegar Creek will include the removal of approximately 1 km of railroad
grade, which currently prevents the MJFD from connecting to its floodplain. Additionally, the channel
will be rerouted onto the historic floodplain with the intent to create a network of multiple channels at
low flow to maximize floodplain connectivity during spring run-off. The proposed implementation
objectives include reducing stream temperatures through increased stream surface shading,
reconnecting floodplain habitat and increasing instream habitat connectivity with the primary biological
objective of increasing salmonid rearing capacity.
MFJDR project effectiveness monitoring
Project effectiveness monitoring for the MFJDR habitat improvement projects is a collaborative
effort between the CTWS and ODFW. We are using a modified Before-After-Control-Impact (BACI)
sampling design to monitor the effectiveness of the habitat improvement projects. Specifically, we will
use the BACI sampling design to detect and document changes in 1) habitat complexity and diversity 2)
juvenile O. mykiss and O. tshawytscha density, survival, and movement and 3) juvenile O. mykiss and O.
tshawytscha habitat associations.
Control/treatment site selection
The habitat improvement reach located between Caribou and Vincent Creek is the first
treatment reach (C2V), the habitat improvement reach located between Vincent and Davis Creek (V2V)
is the second treatment reach, three sections of the MFJDR (Ruby to Granite Boulder-R2G, Davis to
Bridge – V2B and upstream of Bridge – B2E) are the “control” reaches (Fig. 7). The control reaches fall
along a gradient of true control to reference reaches (i.e. least improved to most improved). Upstream
of Bridge Creek is the least improved and Granite Boulder to Ruby is the most improved reach.
Habitat monitoring
In 2019 we selected 10 sampling locations, hereafter referred to as habitat monitoring sites (Fig.
7). Three habitat monitoring sites were located in treatment 1, three habitat monitoring sites were in
treatment 2 and four habitat monitoring sites were in the control reaches. The three sites in V2V, and
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the three sites in C2V are historic CHaMP sites with fish and habitat monitoring beginning as early as
2011. Incorporating historic CHaMP sites into our monitoring plan will allow us to draw on historic
habitat and fish data for our pre-treatment data analysis. In 2019 we followed methods outlined in the
2019 MFJDR Habitat Monitoring Protocol (Appendix A) to complete habitat surveys at each habitat site.
In 2020 we followed the channel unit classification and measurement methods outlined in the
2019 MFJDR Habitat Monitoring Protocol (Appendix A) to conduct a habitat census, classifying every
channel unit located in each control and treatment reach. Once the census was completed we
conducted a channel unit survey at 1/3 of each unit type (i.e. riffle, scour pool, and fast non-turbulent)
located in each control and treatment reach.
Juvenile salmonid abundance monitoring
In 2019 we selected five salmonid abundance monitoring sites, one in each control or treatment
reach. Each 2019 abundance monitoring site was located near the center of the control/treatment reach
and was 250 or 500 meters long (see Bare et al. 2020 for 2019 site selection descriptions). In 2020 we
increased the number of abundance monitoring sites from five to ten and shifted the location of the
abundance monitoring sites to match our 2019 habitat monitoring locations (Fig. 7; Table 2). The
increase and relocation of abundance monitoring sites had two benefits 1) we were able to increase the
number and spatial coverage of PIT tagged salmonids and 2) we were able to combine habitat
information collected during 2019 habit surveys with the 2020 fish abundance surveys to quantify
fish/reach scale habitat associations.
To monitor juvenile salmonid density, we conducted either, single pass, or mark/recapture
snorkel-herding at the 10 tagging sites in July, August and September. During all sampling events we PIT
tagged O. mykiss ≥ 65mm and O. tshawytscha ≥ 70 mm and recorded the fork length and weight of all
salmonids.
Density – We corrected our raw catches of juvenile O. tshawytscha and O. mykiss from tagging
reaches using the mean capture efficiency observed during mark/recapture sampling (Eq. 1, 2). We then
estimated fish density (Eq. 5) for each tagging site.
Juvenile salmonid movement monitoring
In addition to PIT tagging salmonids at abundance monitoring locations we PIT tagged salmonids
at three additional tributary sites (VCU, VCL, and DC1) in 2018, six tributary sites (VCU, VCL, DC1,
Summit01, Summit03, Summit05) in 2019, and three tributary (VCU, VCL, and DC1) and 5 additional
mainstem sites (V2B_A, V2B_B, V2B_C, V2V_A, V2V_B) in 2020 (Table 2). In 2019 and 2020 we
monitored PIT tagged salmonid locations along a longitudinal spatial continuum throughout the control
and treatment reaches using both stationary and mobile PIT tag antennas. In 2019 we deployed four
mainstem and three tributary stationary antennas and in 2020 we deployed six mainstem and four
tributary stationary antennas (Fig. 8). In 2019 and 2020 we conducted mobile PIT tag antenna surveys
throughout the full extent of treatment and control reaches.
Movement and survival – We used two approaches to monitor fish movement and survival of
PIT tagged fish – 1) we monitored fish passage at stationary PIT tag antennas and 2) we conducted three
(July, September, and October) mobile PIT tag antenna surveys throughout the full extent of the
treatment and control reaches.
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MFJDR 2020 sampling results and discussion
Juvenile salmonid abundance monitoring
In June 2020 we conducted single pass snorkel herding at five of the habitat/abundance
monitoring sites, and five additional PIT tagging locations. Of these tagging locations, one was located in
C2V, five were located in V2V, three were located in V2B and one was located in B2E. We did not
conduct mark/recapture sampling in June because our primary objective during June sampling was to
increase the sample size of tagged fish. In July we conducted mark-recapture (n=6) or single-pass (n=4)
snorkel herding at all ten abundance monitoring locations and in August conducted single pass snorkel
herding at nine of the ten abundance monitoring locations. In August we did not sample the furthest
upstream sampling location due to landowner permissions. Mean (± 1 SD) mark/recapture capture
efficiency was 0.30 ± .12 and 0.42 ± .18 for O. mykiss ≥ 50 mm, all O. mykiss and juvenile O. tshawytscha,
respectively.
Density of O. tshawytscha increased between the June and July sampling events and then,
similar to 2019 observations, the density O. tshawytscha remained relatively consistent between July
and August sampling events, except in R2G, where density of O. tshawytscha significantly increased
between July and August (Fig. 9; Table 3). Similar to 2019, density of O. mykiss increased between July
and August at all sampling locations, except at one abundance monitoring site in V2V (Fig. 9; Table 3).
Juvenile salmonid movement monitoring
We PIT tagged 2,508 O. tshawytscha and 551 O. mykiss with 12mm or 9mm PIT tags during
2020 June, July, and August snorkel herding (Table 4). To track the movement of PIT tagged salmonids
we operated six mainstem (MFJDR at Beaver, MFJDR at Granite Boulder, MFJDR at Caribou, MFJDR at
Vincent, MFJDR at Davis, MFJDR at Bridge) and three (Bridge, Vinegar, Davis, and Granite Boulter)
tributary stationary antennas from June to November. We have and will continue to operate three of
the antennas (Caribou, Granite Boulder, and Beaver) year round.
O. tshawytscha movement – The timing of O. tshawytscha detections recorded at mainstem
antennas indicate a concentrated downstream migration beginning in October and largely ending in
December across all tagging locations (Fig. 10). While O. tshawytscha at all tagging locations out-migrate
over the same time period the duration of outmigration did vary across tagging locations. O.
tshawytscha that were tagged in V2B and Vinegar Creek displayed the smallest variability in their outmigration timing, indicated by the tightness and lack of skew in the distribution of tags recorded at each
stationary antenna through time. O. tshawytscha that were tagged in in C2V and V2V had largest
variability in their outmigration timing, indicated by wide, right skewed distributions. Interestingly, the
distribution of detections across all tagging locations began to widen at the Beaver array and were the
widest at the Galena array, indicating increased variability in the timing of detections at both the Beaver
and Galena arrays. The widening of these distributions may be the result of a small sample size, but they
may also suggest O. tshawytscha are concentrating their movement downstream past the Caribou and
Granite Boulder antennas and then have flexibility to hold until continuing to migrate further
downstream.
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In V2B, V2V, and C2V we observed peaks in O. tshawytscha detections from mid-June to
October at stationary antennas suggesting some local, over-summer movement. To further investigate
early season movement, we combined stationary antenna detection data with mobile detection data.
Using both mobile and stationary detection data we quantified the percent of O. tshawytscha that were
detected outside of their tagging reach through time (Fig. 12). We detected early season dispersal from
each tagging reach from mid-June to early July. The early season dispersal event was followed by little to
no, over summer dispersal, which was then followed by a second wave of dispersal (i.e. outmigration),
beginning in October.
Dispersal of PIT tagged O. tshawytscha into tributaries varied across treatment reaches. In total
we detected 226 (9%) O. tshawytscha at tributary stationary antennas. O. tshawytscha tagged in V2B
used tributaries to the greatest extent, followed by O. tshawytscha tagged in V2V, B2E, and C2V (Fig 13;
Table 4). We did not detect any O. tshawytscha tagged in R2G on tributary antennas. The timing of
tributary use varied by tagging location and tributary (Fig. 14). O. tshawytscha tagged in C2V, V2V and
V2B primarily crossed the Bridge Creek antenna mid-June to early July, with fewer O. tshawytscha from
these tagging locations crossing the Bridge Creek antenna in October. Unlike the other tagging locations
fish from B2E primarily crossed the Bridge Creek antenna from October to November. Similar to the
Bridge Creek antenna fish from C2V and V2V primarily crossed the Davis Creek antenna mid-June to
mid-July, however, unlike at Bridge creek these O. tshawytscha continued to cross the Davis Creek
antenna through November. O. tshawytscha from Bridge Creek crossed the Davis antenna primarily
between mid-August through October. We only detected 1 O. tshawytscha from V2B cross the Davis
antenna. O. tshawytscha from C2V and V2V crossed the Granite Boulder antenna Nov – December. O.
tshawytscha from B2E and Vinegar Creek did cross the Granite Boulder antenna, however too few fish
crossed this antenna to establish a distribution of timing.
O. mykiss movement – The timing of O. mykiss detections recorded at the mainstem antennas
indicate the majority of movement occurs mid-Sept to mid-Nov (Fig. 11). Although, unlike O.
tshawytscha this movement does not appear to be associated with outmigration because we did not
detect O. mykiss at the Galena antenna and only detected O. mykiss from C2V and R2B at the Beaver
antenna. We did observed peaks in detections of fish tagged in all locations between late-July to
October suggesting some local, over-summer movement, similar to O. tshawytscha. Unfortunately, we
did detect a sufficient sample size of O. mykiss in each tagging reach to summarize the proportion of O.
mykiss that left their tagging reach through time.
Similar O. tshawytscha the dispersal of PIT tagged O. mykiss into tributaries varied across
treatment reaches. In total we detected 39 (7%) O. mykiss at tributary stationary antennas. O. mykiss
tagged in V2B used tributaries to the greatest extent, followed by O. mykiss tagged in V2V, R2G and C2V
(Fig. 13; Table 4). The timing of tributary use varied by tagging location and tributary (Fig. 14). O. mykiss
tagged in V2B primarily crossed the Bridge Creek antenna mid-June to mid-July, while O. mykiss tagged
in V2V primarily crossed the Davis Creek antenna from late-August through November. In addition to
the above-mentioned detections we did detect O. mykiss tagged in V2B and Vinegar Creek cross the
Bridge antenna, fish tagged in C2V, and Vinegar Creek cross the Davis antenna and fish tagged in R2G,
and C2V cross the Granite Boulder antenna. There are too few detections from these tagging locations
to develop a distribution of detections, however they indicate tributary use of fish from these tagging
locations does occur.
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Habitat and fish-habitat association monitoring – We are working to monitor habitat and fishhabitat associations at two spatial scales, reach and habitat unit scale. To relate differences in salmonid
abundance to reach scale habitat characteristics we estimated fish density at the ten habitat monitoring
locations. To document fish use across habitat unit types we recorded the location and habitat unit type
of each fish detected during mobile antenna surveys. A complete analysis of habitat characteristics and
fish-habitat associations is too large in extent for this report, however once the habitat data are
analyzed we aim to understand how fish use varies with habitat characteristics at both the reach and
unit scale.

Middle Fork John Day River figures and tables

Figure 7. Location of control reaches, treatment reaches, and mainstem habitat/abundance monitoring
sites in the Upper Middle Fork John Day River.
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Table 2. Location of 2018 – 2020 PIT tagging sites in the Middle Fork John Day basin.
Site
VCL
DC1
VCU
Summit001
Summit003
Summit005
R2G
V2B
V2V
B2E
C2V
OJD03458-000534
CBW05583-207602
CBW05583-285426
CBW05583-289522
CBW05583-338674
CBW05583-350962
CBW05583-416498
CBW05583-449266
CBW05583-482034

Bottom of site
latitude

Bottom of site
longitude

Years sampled

44.60460
44.58625
44.64281
44.58975
44.58169
44.58049
44.64574
44.59704
44.60329
44.59477
44.61631
44.61727
44.59373
44.59599
44.60021
44.59337
44.60720
44.60271
44.61162
44.61927

-118.53874
-118.53837
-118.50401
-118.42108
-118.40228
-118.38065
-118.66445
-118.52511
-118.53929
-118.49929
-118.55991
-118.56175
-118.51400
-118.49436
-118.53113
-118.50384
-118.54620
-118.53829
-118.55563
-118.56796

2018, 2019, 2020
2018, 2019, 2020
2018, 2019, 2020
2019
2019
2019
2019, 2020
2019
2019
2019
2019
2020
2020
2020
2020
2020
2020
2020
2020
2020
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Figure 8. Location of stationary PIT tag antenna arrays in the Upper Middle Fork John Day River basin
operated during the 2020 field season.

Figure 9. Density (fish/m) of juvenile O. tshawytscha and O. mykiss observed at Middle Fork John Day
River tagging locations during 2019 – 2020 sampling. Observed densities are color coded by sampling
reach.

56

Table 3. Density (fish/m) of juvenile O. tshawytscha and O. mykiss observed at tagging locations located
in the five control/treatment reaches of the Middle Fork John Day River during 2019 and 2020 sampling.
Site
B2E_250
B2E_250
B2E_250_USC_DSC
C2V_250
C2V_250
C2V_250_DSC
R2G_250
R2G_250
R2G_250_USC
V2B_250
V2B_250
V2B_250
V2V_250
V2V_250
V2V_250_USC
CBW05583-207602
CBW05583-207602
CBW05583-207602
CBW05583-285426
CBW05583-285426
CBW05583-289522
CBW05583-289522
CBW05583-289522
CBW05583-338674
CBW05583-350962
CBW05583-350962
CBW05583-350962
CBW05583-416498
CBW05583-416498
CBW05583-416498
CBW05583-449266
CBW05583-449266
CBW05583-449266
CBW05583-482034
CBW05583-482034
OJD03458-000534
OJD03458-000534
R2G_250
R2G_250
V2B_A
V2B_B
V2B_C
V2V_A
V2V_B

Month
8
10
7
8
10
7
8
10
7
7
8
10
8
10
7
6
7
8
7
8
6
7
8
7
6
7
8
6
7
8
6
8
7
8
7
7
8
7
8
6
6
6
6
6

Year
2019
2019
2019
2019
2019
2019
2019
2019
2019
2019
2019
2019
2019
2019
2019
2020
2020
2020
2020
2020
2020
2020
2020
2020
2020
2020
2020
2020
2020
2020
2020
2020
2020
2020
2020
2020
2020
2020
2020
2020
2020
2020
2020
2020

O. mykiss ≥ 50 mm
0.27
0.45
0.10
0.63
0.02
0.03
0.50
1.15
0.23
0.34
1.06
0.11
1.47
0.00
0.15
0.08
0.69
1.30
0.10
0.08
0.23
0.17
0.83
0.05
0.05
0.55
0.46
0.10
0.10
0.18
0.11
0.79
0.47
0.38
0.10
0.10
0.56
0.01
0.37
0.11
0.13
0.03
0.08
0.10

Juvenile O. tshawytscha
0.02
0.03
0.02
1.33
0.00
1.42
0.83
2.23
0.76
0.43
0.47
0.02
0.40
0.00
0.40
0.27
2.65
2.74
0.21
0.21
0.52
2.19
2.58
0.06
0.28
3.66
2.79
0.16
1.86
1.05
0.52
2.35
1.62
1.38
1.04
1.92
3.53
0.00
2.68
0.43
0.15
0.07
0.16
0.58

Section
B2E
B2E
B2E
C2V
C2V
C2V
R2G
R2G
R2G
V2B
V2B
V2B
V2V
V2V
V2V
B2E
B2E
B2E
B2E
B2E
V2V
V2V
V2V
B2E
V2V
V2V
V2V
V2V
V2V
V2V
C2V
C2V
C2V
C2V
C2V
C2V
C2V
R2G
R2G
V2B
V2B
B2E
V2V
V2V
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Table 4. The number of O. tshawytscha and O. mykiss PIT tagged in each control and treatment reach
during 2020 sampling in the Middle Fork of the John Day as well as the percent of tagged fish that were
detected at a tributary antenna and the percent of tagged fish that were recorded as an outmigrant (i.e.
was detected at or below the Caribou antenna, for fish tagged in B2E, V2B, V2V, C2V, and fish that were
detected at or below the Beaver antenna for fish that were tagged in R2G).
# O.
Tagging Tagging
tshawytscha
location month
tagged
B2E
B2E
B2E
C2V
C2V
C2V
Davis
Davis
R2G
R2G
V2B
V2V
V2V
V2V
Vinegar
Vinegar
Vinegar

6
7
8
6
7
8
6
10
7
8
6
6
7
8
6
7
10

16
125
78
53
299
538
1
4
0
254
60
148
335
503
2
0
92

Percent O.
tshawytscha
detected in
tributary

Percent O.
tshawytscha
outmigrated

# O.
mykiss
tagged

Percent O.
mykiss
detected in
tributary

Percent O.
mykiss
outmigrated

12.5
10.4
1.3
5.7
3.3
3.4
NA
NA
0.0
0.0
38.3
16.9
17.6
4.4
NA
NA
NA

19.0
9.0
10.0
21.0
32.0
36.0
NA
NA
0.0
50.0
15.0
11.0
18.0
22.0
NA
NA
NA

4
32
11
8
65
95
14
19
1
21
17
34
69
70
18
6
67

0.0
0.0
0.0
0.0
3.1
1.1
NA
NA
0.0
4.8
35.3
5.9
7.3
12.9
NA
NA
NA

0.0
3.0
0.0
0.0
8.0
7.0
NA
NA
100.0
14.0
6.0
9.0
3.0
7.0
NA
NA
NA
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Figure 10. Distribution of the timing of O. tshawytscha PIT tag detections, separated by tagging reach,
recorded at each mainstem antenna. The numbers located to the right of each distribution are the
percent of the total number of O. tshawytscha PIT tagged in each reach that was detected at the
associated stationary antenna.
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Figure 11. Distribution of the timing of O. mykiss PIT tag detections, separated by tagging reach,
recorded at each mainstem antenna. The numbers located to the right of each distribution are the
percent of the total number of O. mykiss PIT tagged in each reach that was detected at the associated
stationary antenna.
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Figure 12. Proportion of PIT tagged O. tshawytscha detected outside of their tagging reach, separated by
tagging month, through time. Fish were detected outside of their tagging reach using both the
stationary and mobile antenna detections.

Figure 13. Percent of PIT tagged O. tshawytscha (A) and O. mykiss (B) that were detected at a tributary
stationary PIT tag antenna. Percent of fish detected are separated by tagging section (x – axis ) and
tagging month (color scale). The numbers located on top of each bar are the number of fish that were
tagged during the associated month and in the associated section.
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Figure 14. Distribution of the timing of O. tshawytscha (A) and O. mykiss (B) PIT tag detections at each
tributary stationary antenna, color coded by tagging section. The percent of the total number of fish PIT
tagged in each reach that was detected at the associated stationary antenna is recorded to the right of
each distribution.
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Appendix A: 2019 MFJDR Habitat Survey Protocol
The 2019 MFJDR habitat survey protocol was adapted from Columbia Habitat Monitoring Program 2014 and Aquatic Inventories Project
Methods for Stream Habitat and Snorkel Surveys.
Site Layout
Objective: Determine width category and delineate channel units.
Step 1. Determine the site width category and site length.
i.
Measure and record the bankfull width perpendicular to the bankfull channel at the bottom of the site.
ii.
Measure and record 4 additional bankfull width measurements at distances upstreams (as measured in a straight line from the
center of the wetted channel), equal to the first bankfull width measurement.
iii.
Average the 5 bankfull width measurements and consult Table 1 to determine the site width category and site length.
Table 1. Width category and site lengths according to the site average bankfull width determined during site layout.
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Channel Segments and Side Channels
Objective: Identify and label the main channel and different side channel types.
Step 1. Identify the main channels.
i.
Main (primary) channel: Contains the greatest amount of stream flow at a site.
Step 2. Identify side channels.
i.
Side channel: To be considered a side channel, the channel must be separated from another channel by an island that is ≥ the
bankfull elevation for a length ≥ the average bankfull width. At small sites that are 120 m in length, an island must be ≥ 6 m to
qualify.
a. The side channel is ignored if:
i. The elevation of the streambed is above bankfull at any point
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ii. Channel lacks a continuously defined streambed or developed streambanks
iii. Channel contains terrestrial vegetation
Step 3. Identify side channel type
i.
Large side channel: Has between 16 – 49% flow at either end
ii.
Small side channel: Has < 16% flow at both ends.
Step 4. Assign segment numbers to channels
i.
The main channel is assigned “Segment 1” throughout the site.
ii.
The first large or small side channel while moving upstream is designated “Segment 2).
Step 5. What to measure in each side channel
i.
Main channel
a. Classify channel units, and collect channel unit attributes
ii.
Large side channels
a. Classify channel units, collect channel unit attributes
iii.
Small side channels
a. Classify the entire side channel (both wet and dry portions) as a small side channel unit.
b. Quantify large woody debris
c. Categorize the side channel as cont. wet, partially wet, or dry.
d. Estimate the total length of the side channel centerline.
e. Estimate the average bankfull width of the side channel.
f. Estimate the percent of the bankfull channel area that is wet at the time of sampling.
Channel Unit Classification and measurements
Objective: Delineate channel unit boundaries and classify channel units.
Step 1: Identify channel units and their boundaries.
Use the following criteria as a guide when identifying distinct channel units.
i.
In general, channel units are at least as long as the average wetted channel width. At larger sites (width category ≥ 12m), channel
units may be shorter than the average wetted channel width. Channel units are relatively homogeneous, localized areas of the
stream channel characterized by four elements:
a. Water surface gradient
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b. Bedform (concavity)
c. Bed material composition
d. Flow characteristic (e.g., velocity, turbulence)
Look for distinct changes in these elements to determine unit boundaries. See table 2.
Channel Unit
Riffle (RIFF)

Gradient
>1%

Bedform Profile
Topographic high
points in the bed
profile

Fast nonturbulent
(FNT)

<1%

Uniform depth,
low complexity

Pool (SP)

0-1%

Alcove
Side Channel

Substrate
Generally have
coarse substrates
(cobbles and
boulders)
Generally small
cobble, gravels and
find substrate

Flow Character
Fast, turbulent
flow
Smooth, even
flow (laminar),
minimal surface
turbulence
Generally
laminar flow

Laterally and
Variable, generally
longitudinally
smaller and sorted
concave.
substrate
Classifies as an alcove if the bankfull measurement is > 2 m and the alcove is
isolated from the channel.
Side channel separated by an island. Record length, bankfull width, percent of
bankfull channel that is wet, and quantify woody debris.

Step 2: Measure the channel unit.
i.
Measure the total length of the channel unit, from the downstream center of the channel to the upstream center of the channel
unit.
ii.
Measure the wetted and bankfull width at 25, 50 and 75% along the length of the channel unit.
iii.
At 25, 50 and 75% along the length of the channel unit record an average depth of the cross section.
iv.
At one location in each channel unit record the bankfull height - bankfull heights are recorded from the surface of the water (i.e. the
distance between the surface of the water and the bankfull height).
v.
In each channel unit record the max depth of the channel unit.
vi.
In SP channel units record the depth of the pool-tail crest (PTC). The pool-tail crest is generally the deepest spot on the downstream
end of the pool unit.
vii.
In each channel unit estimate the percent of the channel unit that is slow juvenile salmonid holding habitat. Then estimate the
percent of the holding habitat that is created by wood, sedge, or boulder. The total percent of the holding habitat that is wood,
sedge, boulder and other should add to 100%.
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% Holding Habitat
Objective: Estimate the total area holding habitat located within each channel unit. Holding habitat is defined as water velocities <=.2 m/s and
must be > 10 cm deep.
Step 1. Visually estimate the proportion of the channel unit that contains holding habitat.
Step 2. Identify the proportion of the holding habitat that is created by wood, sedge, boulder or other. The proportion of the holding habitat
that is created by wood, sedge, boulder, or other must add to 100%.
Fish Cover %
Objective: Estimate the type and total area of cover available to fish within each channel unit.
Fish cover is defined as the proportion of the channel unit area that provides refuge to salmonids.
Step 1. Visually estimate the proportion of the wetted surface area within each channel unit that is covered by each of the fish cover elements
listed in Table 3.
i.
All fish cover elements must be within the wetted channel or <1 m above the water’s surface.
ii.
Round measurements to the nearest 5%.
iii.
The sum of all fish cover elements should be at least 100%. If fish cover of different categories overlaps, count overlapping areas
twice, resulting in a total percentage >100%.
iv.
For fish cover that is classified as woody debris estimate the percent of the woody debris that is wet and the percent of the
woody debris that is dry (and within 1 meter of the water’s surface).
Table 3. Definitions of fish cover elements evaluated at each channel unit.
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Substrate Cover % (Ocular Estimate)
Objective: Visually estimate the substrate composition of each channel unity and record the percentage of each size class.
Step 1: Estimate the distribution of substrate classes relative to the total wetted area of the channel unit rounding each class to nearest 5% for a
total of 100%. Refer to table 4 for substrate composition types and size classes.
i.
If a thin layer of fine sediment is covering a larger particle, then measure the fine sediment, not the larger particle. Conversely, if
individual fine sediment particles are resting on top of a larger rock; measure the rock.
Table 4. Ocular channel unit substrate composition types and size classes.
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Pebble Count
Objectives: 1) Quantify size distribution of substrate in fast water habitats by measuring 11 particles from 10 cross-sections for a total of 110
particles per site 2) estimate embeddedness of cobbles.
Step 1. Determine where to place cross-sections.
i.
Count the number of riffle channel units that occur within the main channel and qualifying side channels.
a. If there are more than 10 riffles, place one cross-section in each of the first 10 riffles (working upstream).
b. If there are less than 10 riffles, evenly distribute additional cross-sections into riffles according to the proportion of stream
length that each unit comprises relative to the other riffles. If there is not enough space to conduct all measurements in riffles
(see Step 1, ii, c), then evenly distribute remaining cross-sections into non-turbulent units (working upstream). If there is not
enough space to conduct all measurements in riffles and non-turbulent units, then distribute remaining cross-sections into
rapids.
ii.
Cross-section location and spacing.
a. When there is only one cross-section in a unit, place the cross-section at the midpoint of the unit.
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b. When there are multiple cross-sections in a unit, equally space the cross-sections throughout the unit. Cross-sections should be
oriented perpendicular to the bankfull channel.
c. Cross-sections should not be closer than 1/100th of the site length apart. Move additional cross-sections to the next largest unit
if too crowded. For example, the minimum spacing between cross-sections at a 120 m long site would be 1.2 m.
d. Cross-sections should not cross two or more laterally adjacent channel units.
Step 2. Select 11 sampling points at each cross-section.
i.
At each cross-section, visually divide the cross-section into 11 equally spaced sampling points running perpendicular to the stream
channel, and spanning the width of the bankfull channel.
Step 3. Select and measure particles.
i.
Select particles at sample points while turning your eye away and extending your finger down and picking up the first particle that
you feel at the tip of your boot.
a. Use a gravelometer to classify the b-axis of each particle. Record the size category (Table 5) for the largest square opening that
the particle does not fit through. For example, if the particle fits through the 180 mm square but does not fit through the 128
mm square it is classified as the 128-180 mm size class and is recorded as 128 mm.
b. Record silt and clay particles that are < 0.06 mm in the 0.0002-0.06 mm size class. Silt and clay particles are smooth when
rubbed between the thumb and fingers whereas sand rolls between the fingers (is gritty).
c. Use the thin edge of the gravelometer to determine sand particles between 0.06 and 2 mm. (Note the thin edge of the
gravelometer is 2 mm wide).
d. For particles >128 mm and <512 mm, measure the b-axis using the notches at the top of the gravelometer.
e. For particles > 512 mm, measure and record the length of the b-axis using the top edge of the gravelometer or a depth rod.
f. Record “bedrock” when encountered at sample points.
g. If your finger touches a thin layer of fine sediment covering a larger particle, then measure the fine sediment, not the larger
particle.
h. Do not measure stream bank particles.
i. For embedded particles that cannot be removed from the stream bed, use the notched edge of the gravelometer or the depth
rod to measure the b-axis, and record the appropriate size class.
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Table 5. Size categories for sediment in the range of silt and clay to boulders. Record the lower size range that the particle falls within (e.g., a

partical that falls 45-64 would be recorded as 45).
Cobble Embeddedness
Embeddedness is the percentage of a cobble’s surface that is surrounded by fine sediment (< 2 mm). High cobble embeddedness results in a
reduction of interstitial spaces between particles and makes the substrate more difficult to move (think of a fish’s tail).
a. Estimate embeddedness for all cobble-sized particles (64 mm – 256 mm) that are selected during particle size distribution sampling.
Record estimates to the nearest 5%.
b. Embeddedness is estimated as the product of two values:
a. The percentage of the cobble’s surface that is buried below the surface of the streambed, and
b. The percentage of fine sediment < 2 mm in the substrate immediately surrounding the cobble.
Step 1. Estimate percent buried.
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ii.

iii.

Before removing a particle from the streambed for measurement, feel around the edge of the particle to determine at what point
the particle is below the stream bed surface and note the boundary between the portion of the particle that was buried and the
portion that was not buried.
Remove the particle and estimate the percent that is buried by comparing the proportion of the particle’s surface that was exposed
vs. buried.
Note: If a cobble cannot be removed from the streambed, the particle is at least 50% buried. Measure the b-axis of the particle and
confirm that it is a qualifying cobble.

Step 2. Estimate percent fines.
i.
Examine the substrate within the depression immediately surrounding the cobble where the buried portion of the cobble was
removed, and visually estimate the percent of the substrate that is composed of fine sediment <2 mm. If the substrate is not clearly
visible due to water surface turbulence or turbidity, manually collect a small grab sample of the substrate, hold the sample above
the water surface, and visually estimate percent fines for the sample.

Pool Tail Fines
Objective: Quantify the percentage of surface substrate <2 mm and between 2-6 mm at the tails of pools and non-turbulent channel units.
Step 1. Identify measurement locations.
1. Collect measurements at the first 10 scour and plunge pools encountered within the main channel and qualifying side channels (16-49%
flow) while moving from the bottom of site upstream. Do not sample in dam pools.
2. If fewer than 10 pools exist at a site, extend sampling into only main channel non-turbulent units (starting from the bottom of site) until
ten measurements are collected or there are no more qualifying units. Sample at the bottom end of non-turbulent channel units in a
similar fashion to pool tails.
Step 2. Sample surface fines.
1. Assess surface fines using a 14 x 14 inch grid with 49 evenly distributed intersections. Include the top right corner of the grid for a total
of 50 intersections.
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2. Take 3 measurements per pool or non-turbulent unit.
1. Place the center of the grid at 25, 50, and 75% of the distance across the wetted channel, making sure the grid is parallel to the

shape of the pool tail crest (Figure 1).
2. The bottom edge of the grid should be upstream from the pool tail crest a distance equal to 10% of the pool’s length or one
meter, whichever is less.
3. If a portion of the fines grid lands on substrate 512 mm or larger in size (b-axis), record the intersections affected as nonmeasurable.
4. Do not overlap fines grid placements/measurements at a pool tail. If all three grids do not fit within the pool tail without
overlapping, record the overlapping grid as “not measured”. State in notes that “grids overlapped”.
Record the number of intersections that are underlain with fine sediment or sand < 2 mm in diameter at the b-axis.
Record the number of intersections that are underlain with sediment 2-6 mm in diameter at the b-axis.
Aquatic vegetation, organic debris, roots, or wood may be covering the substrate. First attempt to identify the particle size under
each intersection. If this is not possible, then record these intersections as non-measurable.
Do not count substrate that is suspended in aquatic vegetation or surface algae.
Enter the channel unit number where measurements were collected.
Note: If the grid is located in an area that has greater than 75% non-measureable intersections, shift the grid to a location where more grid
measurements can be made.

’
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Figure 1 - Location and orientation of pool tail fines grid relative to the pool tail crest. In this example, all intersections of the fines grid at the
50% and 75% placements will be counted and recorded. For the 25% placement, the intersections of the fines grid that land on the boulder
(substrate =512 mm) will be recorded as non-measurable
Large Woody Debris
Objective: Quantify the number and dimensions of qualifying LWD pieces for each channel unit within the site.
Step 1. Identify qualifying LWD within the bankfull channel and prism.
1. LWD and root wads must be dead with the exception of newly fallen trees that are uprooted from the bank but still have green foliage.
2. LWD size qualifications:
1. Must have a b-axis diameter ≥ 10 cm, measured at the midpoint of the piece. For LWD with attached roots, the diameter is
measured at the midpoint between where the main stem joins the root mass (e.g., root collar) and the top of the piece (Figure
2).
2. Must be ≥ 1 m in length. The length of LWD with attached roots is measured from the end of the main root mass to the top of
the trunk.
3. For LWD embedded in the stream bank, the exposed portion must meet the minimum length and diameter requirements to
qualify. Quantify the length and diameter of the exposed portion of the piece.
4. If a LWD piece is broken or cracked, consider it one piece if the two pieces are attached at any point along the break.
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Figure 2. Depiction of diameter and length measurement locations for LWD with attached roots.
Step 2. Classify qualifying LWD as “wet” or “dry”.
1. All LWD located within the bankfull channel is classified as either “wet” or “dry” (Figure 25).
1. Classify piece as “wet” if a portion of the main stem or root that touches the water is ≥ 10 cm in diameter (Figure 3).
2. Classify piece as “dry” if a portion of the main stem or root ≥ 10 cm in diameter is within the bankfull channel but outside of the
wetted channel (i.e. would get wet at bankfull flows).
ii. Classify pieces outside the bankfull channel but within the bankfull prism as “dry” if they meet both of the criteria below. The
bankfull prism refers to the area directly above the bankfull channel elevation (Figure 25).
1. Piece is in the bankfull prism and is suspended vertically above the bankfull channel by other pieces of LWD. Piece would fall into
the bankfull channel if the supporting LWD was removed (Figure 2)
Note: These pieces frequently occur in large wood aggregates or “jams”.

76

Figure 3. Cross-section view depicting LWD wet/dry scenarios for qualifying pieces. Grey pieces are classified “wet” and light grey pieces “dry”.
Panel A) LWD piece on left is “dry” because the portion of the main stem touching the water is < 10 cm. LWD piece on right is “wet” because a
root = 10 cm diameter touches the water. Panel B) Note that “dry” pieces above the bankfull elevation but within the bankfull prism are
supported by other LWD pieces and are counted (see Step 2)
Step 3. Record the length and diameter of qualifying LWD pieces.
1. Measure and record the length and diameter of the first 10 qualifying LWD pieces encountered at the site.
2. Estimate and record the length and diameter of the next 9 LWD pieces and measure the 10th. Repeat this process of measuring every
10th piece (#20, #30, #40, etc.) until all qualifying pieces have been quantified.
3. In addition to measuring pieces described in steps i and ii above, also measure the first 10 LWD pieces that are ≥ 15m long.
4. Record length to the nearest 0.1 m, and diameter measurements to the nearest 0.01 m.
5. If a piece cannot be measured accurately, estimate the length and diameter and measure a different qualifying piece.
Step 4: Assign qualifying LWD pieces to a channel unit.
1. Assign each piece of LWD to one channel unit. If a piece of LWD is present in two or more channel units, assign it to the unit that
contains the highest proportion of the piece’s volume.
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2. If a piece of LWD is outside wetted portion of the channel but within the bankfull channel, assign this ‘dry’ piece to the nearest channel
unit.
Note: Tally all qualifying LWD pieces within the entire bankfull channel including those pieces within all large and small side channels.

Undercut Banks
Objective: To quantify cover from undercut banks available to fish at the time of sampling.
Step 1. Identify qualifying undercut banks.
i.
Undercut banks are continuous cave-like features in the stream bank formed by overhanging bank material and/or tree
roots.
ii.
Qualifying undercut banks:
a. Provide fish cover at the time of sampling.
b. Have a width ≥20 cm.
c. Are ≥1 m long, measured along the edge of water.
d. Include undercuts with ceilings ≤ 1 m above the water surface.
Step 2. Estimate the length of the undercut.
i.
Determine the upstream and downstream boundaries of the undercut and measure the length along the edge of
water.
ii.
Only measure the portion of the undercut that meets the minimum width requirement.
iii.
When there are two or more qualifying undercuts separated by a distance of less than 0.5 m, consider them one
undercut but do not account for the distance between them in the length estimate.
Step 3. Measure and record the width of qualifying undercuts.
i.
Measure the wetted widths of the undercut parallel to the water’s surface and perpendicular to the direction of flow.
ii.
Undercut width is measured as the wetted horizontal distance from the outermost edge of the overhanging bank to the
back “wall” of the undercut at its widest point.
iii.
Measure undercut widths at 3 points located at 25, 50 and 75% of the qualifying undercut length. The average width of the
three points must be ≥ 20 cm to qualify.
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Step 4. Record GPS coordinates and EPE at the midpoint of each undercut.
Step 5. Assign qualifying undercuts to their corresponding channel unit and stream bank.
i.
Record the channel unit that the undercut falls within.
ii.
Assign each undercut to the corresponding stream bank (left/right bank or island).
iii.
Some undercuts extend between two channel units:
a. If a single undercut extends between two channel units, consider it two distinct undercuts separated at the channel
unit boundary (Figure 33). Each individual undercut must meet length and width requirements.
b. If a single undercut extends between two channel units and one of the portions does not meet the minimum length
requirement, consider it one undercut and assign the undercut to the channel unit that contains the greater
proportion of its length. Similarly, if a single qualifying undercut extends between two channel units but neither
portion qualifies based on length, consider it one undercut and assign it to the unit with the greater proportion.

Appendix B
Out-Migrant Trapping Summaries
Outmigrant juvenile Chinook abundance estimates for tributaries, migration year 2020
Site

Middle Fork

South Fork
Upper
Mainstem

Migration group

catch:marks:recaps

Migration group
abundance estimate

SE

95% conf. interval

fall migrants

271 : 213 : 121

657

17.6

596 - 718

Spring migrants

3734: 2141: 605

15,723

66.6

15,445 – 16,001

fall migrants

26 : 19 : 0

369

11.5

325 - 413

spring migrants

133 : 105 : 22

681

10.5

625 - 735

fall migrants

1,960 : 831 : 54

42,417

120.9

41,949 – 42,885

Total outmigrant est.
95% CI
16,380
(16,095 – 16,665)
1,050
(978 – 1,121)
73,332
(72,710 – 73,955)
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spring migrants

3,028 : 1,365 : 259

30,915

114.2

30,504 – 31,326

Table 1.1 – Migration year 2020 abundance estimates of migrating juvenile Chinook salmon (O. tshawytscha) in the Upper Mainstem, South
Fork, and Middle Fork of the John Day River generated using a model (Duarte and Peterson, unpublished) that combines a daily catch x trapefficiency estimate with a p-spline GAM to estimate daily abundance of fish at rotary-screw trap sites (see Fig 1.1 for daily estimates and an
accounting of days the traps were run). Fall migrants are fish migrating past the trap site from mid-October 2019 to December 31, 2019. Spring
migrants are fish migrating past the trap site from January 1, 2020 to mid-June 2020. Catch is total fish that showed up in the trap, marks is the
number of those fish that were marked and released upstream of the trap, and recaps is the number of marked fish recaptured. Data were
stratified to reflect temporal changes in trap efficiency (due to variation in flow, location, and size of traps).
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Outmigrant juvenile Chinook survival estimates from tagging to John Day Dam, migration year 2020
Site

Migration group

PIT tags
deployed

Detections at
JD Dam

Spray Seining

spring migrants

299

6

fall migrants

514

20

0.24

0.10

0.04 – 0.44

spring migrants

697

31

0.57

0.21

0.16 – 0.98

spring migrants

996

37

0.71

0.24

0.24 – 1.00

Upper
Mainstem
Basin wide

Survival
SE
Survival 95% CI
est.
Not enough detections to generate
survival estimates

Table 1.2 – Juvenile Chinook survival from tagging at the Upper Mainstem trap and Spray seining reach to John Day Dam for fall par (October 1,
2019 – December 31, 2019), spring migrants (January 1, 2020 – May 23, 2020). The basin wide estimate combines spring migrants from the
Upper Mainstem and Spray seining. PIT tags deployed is a count of tags deployed for the period at our trap or seining sites. Detections at JD
Dam, survival estimates, and standard errors were obtained from the University of Washington’s Columbia Basin Research survival analysis web
tool accessed on December 20, 2020 (http://www.cbr.washington.edu/dart/query/pit_sum_tagfiles).
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Model

DF

P value

Adjusted R2

Fall Survival = 0.24 (Spring survival) + 0.21

9

0.330

0.006

Table 1.3 – Linear regression of the correlation of survival estimates from tagging to John Day Dam of
fall migrating juvenile chinook par vs spring migrating juvenile chinook for migration years 2004, 2005,
and 2012 - 2020.
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Figure 1.1 – Daily estimates of juvenile Chinook (O. tshawytscha) outmigrants at rotary-screw trap sites
in the John Day River basin during migration year 2020. Note: the y axis range for the South Fork is
unique. Estimates were generated using a model (Duarte and Peterson, unpublished) that combines a
daily catch x trap-efficiency estimate with a p-spline GAM to estimate daily abundance of fish.
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Figure 1.2 – Correlation of survival estimates from tagging to John Day Dam between fall migrating
juvenile Chinook and spring migrating juvenile chinook in the John Day River basin for migration years
2004, 2005, and 2012 - 2020. Fall and spring migrants were tagged at the upper mainstem trap. The
relationship between survival in these two groups was found to be non-significant (see Table 1.3).
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Figure 1.3 – Survival from tagging to John Day Dam of outmigrating Chinook fall migrants (October –
January) and spring migrants (January – May).
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Figure 1.4 – Annual population estimates of outmigrant juvenile Chinook on the Upper Mainstem,
Middle Fork, and South Fork of the John Day River, and corresponding estimates for smolt equivalents at
John Day Dam. Note: the Y axis range for each plot is unique. Population estimates for outmigrating
juvenile Chinook were made by summing daily abundance estimates at rotary screw traps over the
migration season (October – June). Smolt equivalents at John Day Dam were estimated by multiplying
trap-site population estimates of fall and spring migrants by basin-wide survival estimates for fall and
spring migrant groups (see figure 1.3). For years (i.e. Upper Mainstem 2006 – 2011; Middle Fork 2006 –
2011) or sites (i.e. South Fork) where population or survival data were unavailable for the fall
outmigrant group no estimates of smolt equivalents were made.
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Figure 1.5 – Annual population estimates of fall vs spring outmigrant juvenile Chinook on the
upper mainstem and Middle Fork of the John Day River. Population estimates for outmigrating juvenile
Chinook were made by summing daily abundance estimates at rotary screw traps over the fall (October
– January) and spring (January – June) migration seasons. In some years (e.g. mainstem 2006 – 2007:
and Middle Fork 2006 and 2008) no data were available for fall outmigrants.
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Figure 1.6 – annual abundance estimates from Spray Seining (March to mid May) and estimated smolt
equivalents at John Day Dam. Estimates prior to 2000 are from Lindsay et al. (1986). Note: no seining
occurred during migration year 2011. During migration year 2020 the State Marine Board closed the
river as part of coronavirus restrictions early in the seining season. No estimate was made and
remaining tags were reallocated to Middle Fork chinook at our rotary screw trap.
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Outmigrant juvenile steelhead abundance estimates for tributaries, migration year 2020
Site

Middle Fork

South Fork

Upper
Mainstem

Migration group

catch:marks:recaps

Migration group
estimate

SE

95% conf. interval

fall migrants

3:3:0

12

3.5

2 - 22

spring migrants

610 : 443 : 21

11,532

52.2

11,298

fall migrants

204 : 156 : 22

2,469

42.7

2,340 – 2,597

spring migrants

2,459 : 1,118 : 251

11,481

44.1

11,254 – 11,708

fall migrants

69 : 58 : 2

2,060

29.2

1,955 – 2,166

spring migrants

879 : 501 : 26

35,221

151.6

34,748 – 35,694

Total outmigrant est.
95% CI
11,544
(11,310 – 11,778)
13,950
(13,689 – 14,211)
37,281
(36,796 – 37,766)

Table 2.1 – Migration year 2020 abundance estimates of outmigrant juvenile steelhead (O. mykiss) in the Upper Mainstem, South Fork, and
Middle Fork of the John Day River generated using a model (Duarte and Peterson, unpublished) that combines a daily catch x trap-efficiency
estimate with a p-spline GAM to estimate daily abundance of fish at rotary-screw trap sites (see Fig. 1.1 for daily estimates and accounting of
days the traps were run). Fall migrants are fish migrating past the trap site from mid-October 2019 to December 31, 2019. Spring migrants are
fish migrating past the trap site from January 1, 2020 to late May 2020. Catch is total fish that showed up in the trap, marks is the number of
those fish that were marked and released upstream of the trap, and recaps is the number of marked fish recaptured. Data were stratified to
reflect temporal changes in trap efficiency (due to variation in flow, location, and size of traps). The total outmigrant estimate is the combined
fall migrant and spring migrant estimate.
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Outmigrant juvenile steelhead survival estimates from tagging to John Day Dam, migration year 2020
Site
Middle Fork

South Fork

Upper Mainstem

Migration
group

PIT tags
deployed

Detections at
JD Dam

Survival
SE
Survival 95% CI
est.
Not enough detections to generate
survival estimates

fall migrant

3

1

spring migrant

593

42

1.22

0.42

0.40 – 1.00

fall migrant

205

32

0.19

0.11

0.00 – 0.41

spring migrant

1,584

85

1.15

0.20

0.76 – 1.00

fall migrant

65

4

Not enough detections to generate
survival estimates

spring migrant

919

37

1.02

0.22

0.59 – 1.00

Table 2.2 – Juvenile steelhead survival from tagging at the South and Middle Fork traps to John Day Dam for fall par (October 1, 2019 –
December 31, 2019), spring smolts (Jan 1, 2020 – May 31, 2020). PIT tags deployed is a count of tags deployed for the period at our trap sites.
Detections at JD Dam, survival estimates, and standard errors were obtained from the University of Washington’s Columbia Basin Research
survival time web tool accessed on December 20, 2020 (http://www.cbr.washington.edu/dart/query/pit_sum_tagfiles).
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Model

DF

P value

Adjusted R2

A) Upper Mainstem survival = 0.83(Middle Fork survival) + 0.15

9

0.009

0.49

B) Upper Mainstem survival = 0.60(South Fork survival) + 0.41

9

0.021

0.40

C) Middle Fork survival = 0.90(South Fork Suvival) + 0.15

15

0.001

0.51

Table 2.3 – Linear regression of the correlation of survival estimates from tagging to John Day Dam for
three populations of steelhead (e.g the upper Mainstem, Middle Fork, and South Fork) in the John Day
River basin.
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Figure 2.1 – Daily estimates of juvenile steelhead (O. mykiss) outmigrants at rotary-screw trap sites in
the John Day River basin. Estimates were generated using a model (Duarte and Peterson, unpublished)
that combines a daily catch x trap-efficiency estimate with a p-spline GAM to estimate daily abundance
of fish. A large flood on May 18, 2020 damaged the Upper Mainstem and Middle Fork traps and ended
trapping at those sites for the season.
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Figure 2.2 – Correlation of survival estimates from tagging to John Day Dam between three populations
of steelhead (e.g the Mainstem, Middle Fork, and South Fork) in the John Day River basin. Survival is
correlated between all populations (see Table 2.3).
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Figure 2.3 – Annual survival from tagging to John Day Dam of outmigrating steelhead. Fish used for
survival analysis were tagged at a trap-site between February 1 – June 30 of a given migration year.
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Figure 2.4 – Annual population estimates of outmigrant juvenile steelhead on the Upper Mainstem,
Middle Fork, and South Fork of the John Day River, and corresponding estimates for smolt equivalents at
John Day Dam. Population estimates for outmigrating juvenile steelhead were made by summing daily
abundance estimates at rotary screw traps over the migration season (October – June). Smolt
equivalents at John Day Dam were estimated by multiplying trap-site population estimates by trap-site
specific survival estimates for fall and spring migrant groups (see figure 2.3). For years (e.g. Upper
Mainstem 2012 – 2014 and 2016-2019) where survival data were unavailable no estimates of smolt
equivalents were made. Population estimates from years 2014 – 2016 at the South Fork trap are being
revised and currently lack confidence intervals.
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Figure 2.5 – Age (y axis) and size (x axis) at-age structure of outmigrant steelhead (migration year 2020)
caught in rotary screw traps operating on the Middle Fork, South Fork, and Upper Mainstem of the John
Day River.
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Figure 3.2 – Correlation between steelhead smolt to adult ratio (SAR) and chinook SAR. The solid line
represents a 1:1 relationship. In all years but 1 (e.g. migration year 2015) steelhead SAR was greater
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Figure 4.1 – Relationship between steelhead smolt equivalents at John Day Dam per spawner and
estimated spawner escapement for the South Fork and Middle Fork of the John Day River.
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Figure 4.2 - Relationship between Chinook smolts per redd and estimated redds for Middle Fork and
Upper Mainstem of the John Day River.
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5 – Homing of adult John Day River steelhead
PIT tagged adult steelhead are observed crossing Bonneville Dam from early July to mid-October as they
migrate towards the spawning ground(Fig 5.5). Since PIT tag monitoring of John Day steelhead began in
2000, a significant percentage of the adult run has been observed overshooting the John Day river and
traveling up into the Columbia and Snake River hydrosystems. In return year 2017, 54% of PIT tagged
adult steelhead were observed overshooting the mouth of the John Day (Fig 5.3 and 5.4). Some of these
fish travel back downstream through the hydrosystem and migrate into the John Day basin (Fig 5.3).
Once in the John Day basin, detections of strays are extremely rare. Since 2005, 2,172 PIT tagged adult
steelhead have crossed Bonneville Dam. Of those fish, 415 had detections consistent with homing to the
tributary they were tagged in as juveniles, while only 1 has detections consistent with straying (Tab 5.1).
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Origin
Detection
Location
Bonneville Dam
Upper Mainstem
Middle Fork

Upper
Mainstem
359
5
0

South Fork
Bridge Creek
Rock Creek
Thirtymile Creek

0
0
0
0

Middle Fork

South Fork

600
0
85

1136
0
0

Bridge
Creek
446
0
0

0
0
0
11

173
1
0
0

0
185
0
0

Rock Creek

Thirtymile
Creek

41
0
0

4
0
0

0
0
16
0

0
0
0
1

Table 5.1 – Homing matrix for John Day origin adult steelhead. Returning PIT tagged adults span Return
Years 2005 – 2019. The table has been updated since 2019 to include tags deployed in tributaries to
these 6 streams, and remove tags deployed at the “Upper Mainstem” trap when that trap was run at a
location below the South Fork confluence. Detection locations for Bonneville Dam are adult ladder
arrays (detection efficiency > 95%). All other detection locations are in-stream arrays within the John
Day basin (detection efficiencies variable). Some tributaries (e.g. South Fork, Bridge Creek) have multiple
array sites for the reported detection location. 1One Middle Fork origin adult steelhead was observed in
Thirtymile Creek, but appeared to cross the array going upstream, and then crossed the array going
downstream approx. 7 hours later. We presume this steelhead did not spend enough time in Thirtymile
Creek to successfully spawn
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Trap Site
Species

MS

MF

SF

DESO

Seine

Wild Adult Steelhead (O. mykiss)

1

-

4

-

-

Hatchery Adult Steelhead (O. mykiss)

-

-

-

-

-

Chinook Fry (O. tshawytcha)

1

-

-

-

-

Steelhead Fry (O. mykiss)

4

-

2

3

-

Bull Trout (Salvelinus confluentus)

-

-

-

-

-

Sockeye Smolt (O. nerka)

-

-

-

-

-

West Slope Cutthroat (O. clarki lewisi)

1

-

-

-

-

Sucker species (Catostomus spp.)

709

763

691

6

27

Red Side Shiner (Richardsonius balteatus)

310

11

131

6

-

Dace species (Rhinichthys spp.)

39

101

82

109

-

-

-

-

-

Pacific Lamprey (Entosphenus tidentata)
Juvenile - No Developed Eyes

8

527

5

Juvenile - With Developed Eyes

-

262

-

-

-

Adult

-

-

2

-

-

Northern Pikeminnow (Ptychocheilus oregonensis)

329

162

622

3

2

Chiselmouth (Acrocheilus alutaceus)

247

7

16

-

-

Brown Bullhead (Ameiurus nebulosus)

-

-

1

-

-

Sculpin (Cottus spp.)

2

1

20

-

-

Mountain White Fish (Prosopium williamsoni)

1

19

8

-

-

Small Mouth Bass (Micropterus dolomieui)

20

74

-

1

1

Large Mouth Bass (Micropterus salmoides)

-

-

-

-

-

Carp (Cyprinus carpio)

-

-

-

-

2

Bluegill (Lepomis macrochirus)

-

-

-

-

-

2243

-

2995

-

3

1

50

-

25

-

Rusty Crayfish (Orconectes rusticus)
Signal Crayfish (Pacifastacus leniusculus)
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Appendix C
Appendix Table C1. Categorical classification of specific fish and habitat monitoring metrics collected for
John Day River basin salmonid population monitoring and evaluation.

Category

Subcategory

Classification of
Ecological or Geological
Attribute

Habitat Type

Classification of
Ecological or Geological
Attribute

Habitat Type

Classification of
Ecological or Geological
Attribute

Classification of
Ecological or Geological
Attribute
Classification of
Ecological or Geological
Attribute

Subcategory
Focus 1

Subcategory
Focus 2

Channel Area Type Channel Unit Summary
Tier 2
Tier1 - Channel Unit
Summary

Habitat Type

Tier1 - Channel Unit Tier 1
Summary
Tier2 - Channel Unit
Summary

Habitat Type
Habitat Type

Fish

Abundance of Fish

Fish Life Stage:
Adult - Spawner

Fish Origin:
Both

Fish

Abundance of Fish

Fish Life Stage:
Adult - Spawner

Fish Origin:
Natural

Fish

Fish
Fish
Fish
Fish
Fish
Fish
Fish

Abundance of Fish

Abundance of Fish

Age Structure: Fish
Age Structure: Fish
Condition Factor

Fish Life Stage:
Adult - Spawner
Fish Life Stage:
Juvenile - Migrant
Fish Life Stage:
Juvenile - Migrant

Fish Origin:
Both
Fish Origin:
Natural

Fish Life Stage:
Juvenile Fish

Density of Fish Species

Fish Life Stage:
Juvenile - Parr

Distribution of Fish
Species

Fish Life Stage:
Juvenile - Parr

Density of Fish Species

Specific Metric Title

Fish Life Stage:
Juvenile - Parr

Tier2 - Channel Unit
Summary Tier 2
Hatchery vs Wild
Observations

Spawner Escapement
Estimates By Hatchery or
Wild Origin
Spawner Abundance

Abundance of Emigrating
Salmonid Smolts
Smolt Age Composition

Juvenile Age Composition
Smolt Condition Factor
Fish Origin:
Natural

Juvenile Salmonid Reach
Density

Juvenile Salmonid Density
Juvenile Salmonid
Distribution
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Fish
Fish
Fish
Fish
Fish
Fish
Fish
Fish
Fish

Genetics: Fish Diversity,
Fitness or Variation
Genetics: Fish Diversity,
Fitness or Variation
Progeny-per-Parent
Ratio (P:P)
(Productivity)
Spawning/Nesting
Spawning/Nesting
Stray Rate

Survival Rate: Fish
Survival Rate: Fish
Survival Rate: Fish

Fish

Survival Rate: Fish

Fish

Survival Rate: Fish

Hydrology/Water
Quantity

Flow

Fish

Landscape Form &
Geomorphology
Landscape Form &
Geomorphology
Landscape Form &
Geomorphology
Landscape Form &
Geomorphology
Landscape Form &
Geomorphology
Landscape Form &
Geomorphology
Landscape Form &
Geomorphology
Landscape Form &
Geomorphology

Timing of Life Stage:
Fish

Fish Origin:
Natural
Fish Origin:
Natural

Fish Origin:
Hatchery

Fish Life Stage:
Adult - Returner

Fish Life Stage:
Juvenile - Migrant

Fish Life Stage:
RANGE: Egg to
Juvenile
Fish Life Stage:
RANGE: Juvenile to
Adult
Fish Life Stage:
RANGE: Juvenile to
Adult
Fish Life Stage:
Juvenile - Migrant

Habitat Type:
Channel: Riffles

Abundance of Habitat
Types
Abundance of Habitat
Types
Abundance of Habitat
Types

Number of Observed
Steelhead Redds

Fish Origin: Both

Abundance of Habitat
Types
Abundance of Habitat
Types

Freshwater Productivity

Fish Origin: Both

Habitat Type:
Channel: Pools

Abundance of Habitat
Types

Dendrogram

Fish Life Stage:
RANGE: Adult to
Juvenile

Abundance of Habitat
Types
Abundance of Habitat
Types

Genetic diversity metrics
(Fst, Fis, Fit, Gst, etc.)

Habitat Type:
Channel: Pools
Habitat Type:
Channel:
Runs/Glides
Habitat Type:
Channels
Habitat Type:
Channels
Habitat Type:
Channels
Habitat Type:
Channels

Redd Density
Fish Origin:
Natural
Fish Origin:
Natural
Fish Origin:
Natural
Fish Origin:
Natural
Fish Origin:
Natural

PHOS

Adult Survival

Parr to Smolt Survival
Egg-to-Smolt Survival
Smolt-to-adult-Ratio
Smolt-to-Adult Ratio

Smolt Migration Timing
Site Discharge

Slow/Pool Count

Slow/Pool Percent

Fast-Turbulent Count

Fast-NonTurbulent Area
Area - Channel Unit
Summary
Area - Channel Unit
Summary Tier 2

Area - Channel Unit Tier 1
Summary
Count - Channel Unit
Summary Tier 2
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Landscape Form &
Geomorphology

Abundance of Habitat
Types

Habitat Type:
Channels

Count - Channel Unit Tier 1
Summary

Landscape Form &
Geomorphology

Abundance of Habitat
Types

Habitat Type:
Channels

Volume - Channel Unit
Summary Tier 2

Landscape Form &
Geomorphology
Landscape Form &
Geomorphology
Landscape Form &
Geomorphology
Landscape Form &
Geomorphology
Landscape Form &
Geomorphology
Landscape Form &
Geomorphology
Landscape Form &
Geomorphology
Landscape Form &
Geomorphology
Landscape Form &
Geomorphology
Landscape Form &
Geomorphology
Landscape Form &
Geomorphology
Landscape Form &
Geomorphology
Landscape Form &
Geomorphology
Landscape Form &
Geomorphology
Landscape Form &
Geomorphology
Landscape Form &
Geomorphology
Landscape Form &
Geomorphology
Landscape Form &
Geomorphology
Landscape Form &
Geomorphology

Abundance of Habitat
Types
Abundance of Habitat
Types

Composition/Structure
of Habitat Types
Composition/Structure
of Habitat Types
Composition/Structure
of Habitat Types
Composition/Structure
of Habitat Types

Density of Habitat Type
Density of Habitat Type
Density of Habitat Type
Density of Habitat Type
Density of Habitat Type
Density of Habitat Type
Density of Habitat Type
Density of Habitat Type
Density of Habitat Type
Density of Habitat Type
Density of Habitat Type
Density of Habitat Type
Density of Habitat Type

Habitat Type:
Channels
Habitat Type:
Channels

Habitat Type:
Channel: Pools
Habitat Type:
Channel: Pools

Habitat Type:
Channel: Riffles
Habitat Type:
Channel:
Runs/Glides

Habitat Type:
Channel: Pools
Habitat Type:
Channel: Pools

Habitat Type:
Channel: Riffles
Habitat Type:
Channel: Riffles
Habitat Type:
Channel: Riffles
Habitat Type:
Channel:
Runs/Glides
Habitat Type:
Channel:
Runs/Glides
Habitat Type:
Channel:
Runs/Glides
Habitat Type:
Channels
Habitat Type:
Channels
Habitat Type:
Channels
Habitat Type:
Channels
Habitat Type:
Channels

Volume - Channel Unit
Summary

Volume - Channel Unit Tier
1 Summary
Slow/Pool Average
Residual Depth
Slow/Pool Volume

Fast-Turbulent Volume

Fast-NonTurbulent Volume
Slow/Pool Area

Slow/Pool Frequency
Fast-Turbulent Area

Fast-Turbulent Frequency
Fast-Turbulent Percent

Fast-NonTurbulent Count
Fast-NonTurbulent
Frequency

Fast-NonTurbulent Percent
Frequency - Channel Unit
Summary Tier 2
Frequency - Channel Unit
Tier 1 Summary
Percent - Channel Unit
Summary
Percent - Channel Unit
Summary Tier 2

Percent - Channel Unit Tier
1 Summary
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Landscape Form &
Geomorphology

Density of Instream
Wood

Bankfull Large Wood
Frequency per 100m

Landscape Form &
Geomorphology

Depth: Bathymetry

Average Depth Thalweg
Exit

Landscape Form &
Geomorphology
Landscape Form &
Geomorphology
Landscape Form &
Geomorphology
Landscape Form &
Geomorphology
Landscape Form &
Geomorphology
Landscape Form &
Geomorphology
Landscape Form &
Geomorphology
Landscape Form &
Geomorphology
Landscape Form &
Geomorphology
Landscape Form &
Geomorphology
Landscape Form &
Geomorphology
Landscape Form &
Geomorphology
Landscape Form &
Geomorphology
Landscape Form &
Geomorphology
Landscape Form &
Geomorphology
Landscape Form &
Geomorphology
Landscape Form &
Geomorphology
Landscape Form &
Geomorphology
Landscape Form &
Geomorphology

Density of Instream
Wood

Wetted Large Wood
Frequency per 100m

Average Depth Thalweg
Exit - Channel Unit Tier 1
Summary
Average Max Depth Channel Unit Summary
Tier 2
Average Max Depth Channel Unit Tier 1
Summary

Depth: Bathymetry
Depth: Bathymetry
Depth: Bathymetry
Depth: Bathymetry

Average Residual Depth

Average Residual Depth Channel Unit Tier 1
Summary

Depth: Bathymetry

Centerline Depth Profile
Filtered CV

Depth: Bathymetry

Centerline Depth Profile
Filtered Mean

Depth: Bathymetry

Depth Thalweg Exit Channel Unit Summary

Depth: Bathymetry

Max Depth - Channel Unit
Summary

Depth: Bathymetry

Residual Depth - Channel
Unit Summary

Depth: Bathymetry

Thalweg Depth Profile
Filtered Mean

Depth: Bathymetry
Depth: Bathymetry

Distribution of Habitat
Type

Habitat Type:
Channel: Pools

Distribution of Habitat
Type

Habitat Type:
Channel:
Runs/Glides

Distribution of Habitat
Type
Distribution of Habitat
Type
Distribution of Habitat
Type

Edge/Density/Sinuosity

Habitat Type:
Channel: Riffles
Habitat Type:
Channels
Habitat Type:
Channels
Habitat Type:
Channels

Water Depth StdDev
Slow/Pool Spacing

Fast-Turbulent Spacing

Fast-NonTurbulent Spacing
Spacing - Channel Unit
Summary Tier 2

Spacing - Channel Unit Tier
1 Summary
Sinuosity Via Centerline
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Landscape Form &
Geomorphology

Edge/Density/Sinuosity

Landscape Form &
Geomorphology

Gradient

Landscape Form &
Geomorphology
Landscape Form &
Geomorphology
Landscape Form &
Geomorphology
Landscape Form &
Geomorphology
Landscape Form &
Geomorphology
Landscape Form &
Geomorphology
Landscape Form &
Geomorphology
Landscape Form &
Geomorphology
Landscape Form &
Geomorphology
Landscape Form &
Geomorphology
Landscape Form &
Geomorphology
Landscape Form &
Geomorphology
Landscape Form &
Geomorphology
Landscape Form &
Geomorphology
Landscape Form &
Geomorphology
Landscape Form &
Geomorphology
Landscape Form &
Geomorphology
Landscape Form &
Geomorphology
Landscape Form &
Geomorphology
Landscape Form &
Geomorphology

Elevation

Habitat Type:
Channels

Thalweg Depth Profile
Filtered CV

Water Surface Gradient
Profile Filtered CV

Gradient
Length/Width/Area

Habitat Type:
Channels

Length/Width/Area

Habitat Type:
Channels

Length/Width/Area
Length/Width/Area
Length/Width/Area
Length/Width/Area
Length/Width/Area

Size: Wood Structure
Size: Wood Structure
Size: Wood Structure
Size: Wood Structure
Size: Wood Structure
Size: Wood Structure

Size: Wood Structure
Size: Wood Structure
Size: Wood Structure

Standard Deviation of the
Detrended DEM
Site Water Surface
Gradient

Gradient
Gradient

Site Sinuosity

Habitat Type:
Channels
Habitat Type:
Channels

Habitat Type:
Channels
Habitat Type:
Channels
Habitat Type:
Channels

Water Surface Gradient
Profile Filtered Mean
Bankfull Volume

Site Bankfull Area

Site Length Bankfull

Site Length Thalweg
Site Length Wetted
Site Wetted Area

Thalweg to Centerline
Length Ratio
Bankfull Large Wood
Volume by Site
Bankfull Large Wood
Volume by Tier1
Bankfull Large Wood
Volume in FastNonTurbulent

Bankfull Large Wood
Volume in Fast-Turbulent
Bankfull Large Wood
Volume in Slow/Pools
Wetted Large Wood
Volume by Site
Wetted Large Wood
Volume by Tier1
Wetted Large Wood
Volume in FastNonTurbulent

Wetted Large Wood
Volume in Fast-Turbulent
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Landscape Form &
Geomorphology

Size: Wood Structure

Landscape Form &
Geomorphology

Species Cover

Landscape Form &
Geomorphology
Landscape Form &
Geomorphology
Landscape Form &
Geomorphology
Landscape Form &
Geomorphology
Landscape Form &
Geomorphology

Landscape Form &
Geomorphology
Landscape Form &
Geomorphology
Landscape Form &
Geomorphology
Landscape Form &
Geomorphology
Landscape Form &
Geomorphology
Landscape Form &
Geomorphology
Landscape Form &
Geomorphology
Landscape Form &
Geomorphology
Landscape Form &
Geomorphology
Landscape Form &
Geomorphology
Landscape Form &
Geomorphology
Landscape Form &
Geomorphology
Landscape Form &
Geomorphology

Species Cover

Habitat Type:
Channels

Species Cover

Habitat Type:
Channels

Species Cover
Species Cover
Species Cover
Species Cover
Species Cover
Species Cover
Species Cover
Species Cover
Species Cover
Width to Depth Ratio
Width to Depth Ratio
Width to Depth Ratio
Width to Depth Ratio
Width: Bankfull
Width: Bankfull
Width: Bankfull

Habitat Type:
Channels
Habitat Type:
Channels
Habitat Type:
Channels
Habitat Type:
Channels
Habitat Type:
Channels
Habitat Type:
Channels
Habitat Type:
Channels

Habitat Type:
Channels
Habitat Type:
Channels
Habitat Type:
Channels

Wetted Large Wood
Volume in Slow/Pools

Fish Cover Composition
Artificial
Fish Cover Composition
Artificial - Channel Unit
Tier 1 Summary
Fish Cover Composition
LWD

Fish Cover Composition
LWD - Channel Unit Tier 1
Summary
Fish Cover Composition
None

Fish Cover Composition
None - Channel Unit Tier 1
Summary
Fish Cover Composition
Total

Fish Cover Composition
Total - Channel Unit Tier 1
Summary
Fish Cover Composition
Undercut

Fish Cover Composition
Undercut - Channel Unit
Tier 1 Summary
Fish Cover Composition
Vegetation

Fish Cover Composition
Vegetation - Channel Unit
Tier 1 Summary
Bankfull WidthToDepth
Ratio Profile Filtered CV

Bankfull WidthToDepth
Ratio Profile Filtered Mean
Wetted WidthToDepth
Ratio Profile Filtered CV

Wetted WidthToDepth
Ratio Profile Filtered Mean
Bankfull Width
Constriction Profile
Filtered CV
Bankfull Width
Constriction Profile
Filtered Mean

Bankfull Width Profile
Filtered CV
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Landscape Form &
Geomorphology

Width: Bankfull

Bankfull Width Profile
Filtered Mean

Landscape Form &
Geomorphology

Width: Wetted

Integrated Wetted Width

Landscape Form &
Geomorphology
Landscape Form &
Geomorphology
Landscape Form &
Geomorphology
Landscape Form &
Geomorphology
Landscape Form &
Geomorphology
Light
Light
Light
Light

Macroinvertebrates
Other
Other
Other
Other
Other
Other

Sediment/Substrate/Soils
Sediment/Substrate/Soils
Sediment/Substrate/Soils
Sediment/Substrate/Soils
Sediment/Substrate/Soils
Sediment/Substrate/Soils
Sediment/Substrate/Soils

Width: Bankfull

Integrated Bankfull Width
Wetted Width Constriction
Profile Filtered CV

Width: Wetted

Wetted Width Constriction
Profile Filtered Mean

Width: Wetted

Wetted Width Profile
Filtered CV

Width: Wetted

Wetted Width Profile
Filtered Mean

Width: Wetted

Average Summer Solar
Access

Light Concentration
Light Concentration
Light Concentration
Light Concentration
Drift Density

Not Applicable
Not Applicable
Not Applicable
Not Applicable
Not Applicable
Not Applicable

Accretion Rates/
Aggradation
Accretion Rates/
Aggradation
Accretion Rates/
Aggradation
Accretion Rates/
Aggradation
Accretion Rates/
Aggradation
Accretion Rates/
Aggradation
Accretion Rates/
Aggradation

Canopy No Cover
Habitat Type:
Channels

Groundcover No Cover
Understory No Cover

Drift Biomass Density

Change Detection Results
Channel Unit Number Channel Unit Summary

Channel UnitID - Channel
Unit Summary
Geo Database
Log File

Results File

Area of Deposition By
Channel Area T-1
Area of Deposition By
Channel Area T0

Area of Deposition By Tier
1 T-1
Area of Deposition By Tier
1 T0

Area of Deposition For Site
T-1
Area of Deposition For Site
T0
Net Volume of Difference
By Channel Area T-1
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Sediment/Substrate/Soils

Accretion Rates/
Aggradation

Net Volume of Difference
By Channel Area T0

Sediment/Substrate/Soils

Accretion Rates/
Aggradation

Net Volume of Difference
By Tier 1 T0

Sediment/Substrate/Soils
Sediment/Substrate/Soils
Sediment/Substrate/Soils
Sediment/Substrate/Soils
Sediment/Substrate/Soils
Sediment/Substrate/Soils
Sediment/Substrate/Soils
Sediment/Substrate/Soils
Sediment/Substrate/Soils
Sediment/Substrate/Soils
Sediment/Substrate/Soils
Sediment/Substrate/Soils
Sediment/Substrate/Soils
Sediment/Substrate/Soils
Sediment/Substrate/Soils
Sediment/Substrate/Soils
Sediment/Substrate/Soils
Sediment/Substrate/Soils
Sediment/Substrate/Soils
Sediment/Substrate/Soils
Sediment/Substrate/Soils

Accretion Rates/
Aggradation
Accretion Rates/
Aggradation
Accretion Rates/
Aggradation
Accretion Rates/
Aggradation
Accretion Rates/
Aggradation
Accretion Rates/
Aggradation
Accretion Rates/
Aggradation

Accretion Rates/
Aggradation
Accretion Rates/
Aggradation
Accretion Rates/
Aggradation
Accretion Rates/
Aggradation
Accretion Rates/
Aggradation
Accretion Rates/
Aggradation
Accretion Rates/
Aggradation
Accretion Rates/
Aggradation
Accretion Rates/
Aggradation
Accretion Rates/
Aggradation
Accretion Rates/
Aggradation
Accretion Rates/
Aggradation
Accretion Rates/
Aggradation
Accretion Rates/
Aggradation

Net Volume of Difference
By Tier 1 T-1
Net Volume of Difference
For Site T-1
Net Volume of Difference
For Site T0
Percent Deposition By
Channel Area T-1
Percent Deposition By
Channel Area T0

Percent Deposition By Tier
1 T-1
Percent Deposition By Tier
1 T0

Percent Deposition For Site
T-1
Percent Deposition For Site
T0
Volume of Deposition By
Channel Area T-1
Volume of Deposition By
Channel Area T0
Volume of Deposition By
Tier 1 T-1
Volume of Deposition By
Tier 1 T0

Volume of Deposition For
Fast Non-Turbulent T-1
Volume of Deposition For
Fast Non-Turbulent T0
Volume of Deposition For
Fast Turbulent T-1
Volume of Deposition For
Fast Turbulent T0
Volume of Deposition For
Site T-1
Volume of Deposition For
Site T0
Volume of Deposition For
Slow/Pools T-1
Volume of Deposition For
Slow/Pools T0
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Sediment/Substrate/Soils

Accretion Rates/
Aggradation

Volume of Difference By
Channel Area T-1

Sediment/Substrate/Soils

Accretion Rates/
Aggradation

Volume of Difference By
Tier 1 T-1

Sediment/Substrate/Soils
Sediment/Substrate/Soils
Sediment/Substrate/Soils
Sediment/Substrate/Soils
Sediment/Substrate/Soils
Sediment/Substrate/Soils
Sediment/Substrate/Soils
Sediment/Substrate/Soils
Sediment/Substrate/Soils
Sediment/Substrate/Soils
Sediment/Substrate/Soils
Sediment/Substrate/Soils
Sediment/Substrate/Soils
Sediment/Substrate/Soils
Sediment/Substrate/Soils
Sediment/Substrate/Soils
Sediment/Substrate/Soils
Sediment/Substrate/Soils
Sediment/Substrate/Soils
Sediment/Substrate/Soils
Sediment/Substrate/Soils

Accretion Rates/
Aggradation
Accretion Rates/
Aggradation
Accretion Rates/
Aggradation
Accretion Rates/
Aggradation

Bed Scour/Erosion Rate
Bed Scour/Erosion Rate
Bed Scour/Erosion Rate
Bed Scour/Erosion Rate
Bed Scour/Erosion Rate
Bed Scour/Erosion Rate
Bed Scour/Erosion Rate
Bed Scour/Erosion Rate
Bed Scour/Erosion Rate
Bed Scour/Erosion Rate
Bed Scour/Erosion Rate
Bed Scour/Erosion Rate
Bed Scour/Erosion Rate
Bed Scour/Erosion Rate
Bed Scour/Erosion Rate
Bed Scour/Erosion Rate
Bed Scour/Erosion Rate

Volume of Difference By
Channel Area T0
Volume of Difference By
Tier 1 T0

Volume of Difference For
Site T-1
Volume of Difference For
Site T0

Area of Erosion By Channel
Area T-1
Area of Erosion By Channel
Area T0
Area of Erosion By Tier 1
T0
Area of Erosion By Tier 1
T-1

Area of Erosion For Site T1

Area of Erosion For Site T0
Percent Erosion By
Channel Area T-1
Percent Erosion By
Channel Area T0

Percent Erosion By Tier 1
T-1
Percent Erosion By Tier 1
T0

Percent Erosion For Site T1

Percent Erosion For Site T0
Volume of Erosion By
Channel Area T-1
Volume of Erosion By
Channel Area T0

Volume of Erosion By Tier
1 T-1
Volume of Erosion By Tier
1 T0

Volume of Erosion For Fast
Non-Turbulent T-1
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Sediment/Substrate/Soils

Bed Scour/Erosion Rate

Volume of Erosion For Fast
Non-Turbulent T0

Sediment/Substrate/Soils

Bed Scour/Erosion Rate

Volume of Erosion For Fast
Turbulent T0

Sediment/Substrate/Soils
Sediment/Substrate/Soils
Sediment/Substrate/Soils
Sediment/Substrate/Soils
Sediment/Substrate/Soils
Sediment/Substrate/Soils
Sediment/Substrate/Soils
Sediment/Substrate/Soils
Sediment/Substrate/Soils
Sediment/Substrate/Soils
Sediment/Substrate/Soils
Sediment/Substrate/Soils
Sediment/Substrate/Soils
Sediment/Substrate/Soils
Sediment/Substrate/Soils
Sediment/Substrate/Soils

Bed Scour/Erosion Rate
Bed Scour/Erosion Rate

Bed Scour/Erosion Rate
Bed Scour/Erosion Rate
Bed Scour/Erosion Rate
Composition:
Substrate/SoilDominant Size
Composition:
Substrate/SoilDominant Size
Composition:
Substrate/SoilDominant Size
Composition:
Substrate/SoilDominant Size
Composition:
Substrate/SoilDominant Size
Composition:
Substrate/SoilDominant Size
Composition:
Substrate/SoilDominant Size
Composition:
Substrate/SoilDominant Size
Composition:
Substrate/SoilDominant Size
Composition:
Substrate/SoilDominant Size
Composition:
Substrate/SoilDominant Size

Volume of Erosion For Fast
Turbulent T-1
Volume of Erosion For Site
T-1
Volume of Erosion For Site
T0
Volume of Erosion For
Slow/Pools T-1
Volume of Erosion For
Slow/Pools T0
Boulder and Cobbles

Boulder and Cobbles Channel Unit Tier 1
Summary
Boulders

Boulders - Channel Unit
Tier 1 Summary
Coarse and Fine Gravel

Coarse and Fine Gravel Channel Unit Tier 1
Summary
Cobbles

Cobbles - Channel Unit Tier
1 Summary
D16
D50
D84
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Sediment/Substrate/Soils
Sediment/Substrate/Soils
Sediment/Substrate/Soils
Sediment/Substrate/Soils
Sediment/Substrate/Soils
Sediment/Substrate/Soils
Vegetation/Plants
Vegetation/Plants
Vegetation/Plants
Vegetation/Plants
Vegetation/Plants
Vegetation/Plants
Water Quality
Water Quality

Composition:
Substrate/SoilDominant Size

Particles Less Than 2mm

Composition:
Substrate/SoilDominant Size

Sand and Fines

Composition:
Substrate/SoilDominant Size

Particles Less Than 6mm

Composition:
Substrate/SoilDominant Size

Sand and Fines - Channel
Unit Tier 1 Summary
Avg Fast Water Cobble
Embeddedness

Embeddedness

Std Deviation of Fast Water
Cobble Embeddedness

Embeddedness

Composition:
Vegetative Species
Assemblage

Big Tree Cover

Composition:
Vegetative Species
Assemblage

Coniferous Cover

Composition:
Vegetative Species
Assemblage

Ground Cover

Composition:
Vegetative Species
Assemblage

Non-Woody Cover

Composition:
Vegetative Species
Assemblage
Composition:
Vegetative Species
Assemblage
Alkalinity

Conductivity

Understory Cover

Habitat Type:
Channels

Woody Cover
Alkalinity

Conductivity
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