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2021 Year in Review
The California Department of Fish and Wildlife Instream Flow Program conducts instream flow
studies and develops ecological flow criteria needed for long-term protection, maintenance, and
effective stewardship of fish and wildlife resources.
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Figure 1. The five riverine components.
All photographs in this report are owned by the Department or Department staff.
Cover page, clockwise from top left: Rattlesnake Creek (Mendocino County); Walker Creek (Marin
County); Squaw Creek (Humboldt County); North Fork American River (Placer County).
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Response to COVID-19
In response to the nationwide COVID -19 pandemic and Governor Gavin Newsom’s Stay at Home
Order issued in 2020, California Department of Fish and Wildlife (Department) staff continued to
maximize telework activities and all non-essential fieldwork was postponed during 2021. The
Department continues to evaluate the situation and the Instream Flow Program (IFP) will resume
normal field activities when it is deemed safe to do so.
To mitigate the spread of COVID -19, the Governor launched a comprehensive statewide contact
tracing program and public awareness campaign in May 2020. Contact tracing has been a
successful strategy employed to counter infectious disease by slowing the spread and minimizing
outbreaks. The California Department of Public Health (CDPH) determined that California needed
more than 10,000 contact tracers to support existing state and local health jurisdictions. To fill this
role, most California State departments allocated five percent of employees for redirection to contact
tracing through voluntary or mandatory reassignment.
Two IFP staff were reassigned to support the critical effort during the statewide emergency. This
work was a key element of slowing the spread of COVID -19 during 2020 and 2021. Staff were
trained prior to deployment by the CDPH to perform contact tracing and case investigation in
compliance with California data privacy and confidentiality standards. Staff were also trained in
cultural competency and sensitivity, and empathetic interview skills. IFP staff used their data
analysis and quality assurance and quality control skills while deployed, adhering to CDPH and local
health jurisdiction protocols for completeness, timeliness, and frequency of data collection.
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Priority Streams Update
In order to protect public trust resources and fulfill legislative mandates put forward in the California
Water Action Plan (CWAP) and Public Resources Code (PRC) §10000 –10005, the IFP develops
flow criteria for use in water management planning and decision -making processes.
In 2021, the IFP continued studies that will provide flow criteria to support fish, wildlife, and water
management goals for streams and rivers throughout California.

For more information on CWAP and PRC priority streams, visit the IFP website at:
https://wildlife.ca.gov/Conservation/Watersheds/Instream -Flow.

PRC Streams

CWAP Streams

Due to the Department’s response to COVID19, any previously scheduled fieldwork was
postponed. Watershed Criteria Report
development is underway for the following
watersheds:

Data collection is complete, and reports are either
in development or are complete for the following
watersheds:
• Ventura River

• Mark West Creek
• South Fork Eel River (Redwood Creek)

• Carpinteria Creek
• Dos Pueblos Creek
• Mattole River
• Mojave River

• Navarro River
• San Gregorio Creek

See Figure 2 for
a map of priority
streams.

• Santa Ana River
• Santa Margarita River

Mattole River (1970), Humboldt County
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Figure 2. PRC and CWAP priority stream watersheds map.
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Ventura River
A priority stream under the California Water Action Plan (CWAP), the Ventura River is a critical
watershed for Southern California steelhead. The IFP has developed three projects across the
watershed to better understand the habitat and flow needs of this endemic species: a watershed
criteria report, a study on the intermittent reach of the mainstem Ventura River, and a study on San
Antonio Creek, tributary to the Ventura River. These reports were summarized in the 2020 Annual
Report; two technical report results are presented here.
Two-dimensional (2D) models (Figure 3) were developed
to evaluate adult steelhead passage conditions through
the complex, intermittently flowing stream channel of the
mainstem Ventura River. These models included
estimation of water depth at any location within the site at
modeled flows. These simulations helped determine which
flows support steelhead passage throughout the site.

Figure 3. 2D model of study site.

One-dimensional (1D) hydraulic
habitat models were developed in San
Antonio Creek. The resulting flow
habitat relationships indicated flows
for the most suitable habitat for adult
and juvenile steelhead (Figure 4).
Figure 4. Flow habitat relationship curves at Reach 1.
After data were collected and analyzed, the IFP developed technical reports that detailed each study,
and presented flow levels that would protect adult steelhead passage within the intermittent reach and
support adult spawning and juvenile rearing steelhead in San Antonio Creek.

Ventura River, Ventura County
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Both projects in the intermittent reach and San Antonio Creek (Figure 5) concluded and became
publicly available in November 2021 on the Department’s IFP website. An overview of these reports
was given at a public meeting, and a presentation was provided to Casitas Municipal Water District
prior to publication. The results of these robust studies are intended to aid in identifying instream flow
needs for steelhead in the Ventura Watershed.
For more information and to view the reports in their entirety, please visit:
https://wildlife.ca.gov/Conservation/Watersheds/Instream -Flow/Studies/Ventura-River-Studies.

Figure 5. Instream Flow Program technical reports for the Ventura River watershed.

The studies on the Ventura River watershed would not have been possible without the dedication
and hard work of Department staff. We would like to recognize those who contributed to the Ventura
River watershed study efforts, which included field work, data analysis, reporting, and review.
• IFP: James Allen, Todd Carlin, Hanna Casares, William Cowan, Brionna Drescher, Danielle
Elledge, Nicole Gephart, Mark Gard, Diane Haas, Mike Hancock, Robert Holmes, Jason Hwan,
Mike Maher, Jared Mauldin, Lanette Richardson, and Bronwen Stanford
• South Coast Region: Mary Larson, Kate McLaughlin, Kyle Evans, Mary Ngo, Steven Slack, and
Steve Gibson
• Fisheries Branch: Kelly Souza
• U.S. Fish and Wildlife Service: Paul Cadrett and John Henderson
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Mark West Creek
Mark West Creek, located in Sonoma County, is one of the largest tributaries to the Russian River
and provides important habitat for aquatic species such as Pacific Lamprey, foothill yellow -legged
frog, and federally listed anadromous salmonid species including Central California Coast Coho
Salmon and steelhead.

The creek traverses a highly varied landscape, from its confluence with the Russian River where the
topography is flat and land use is primarily agricultural and urban, up to its headwaters in the
Mayacamas Mountains where the hilly and forested terrain is dominated by open space and rural
residential land uses. Mark West Creek has a Mediterranean climate characterized by arid summers
and occasional storm events during winter and spring, with highly variable volumes of annual
precipitation. Like other streams in Mediterranean climates, especially those in the Russian River
basin, the timing of higher streamflow does not coincide with the period of increased demand during
the summer and fall, and much of the dry-season water use in the region is met by diverting water
from wells and springs (Deitch and Dolman 2017).

Mark West Creek, Sonoma County
2021 Year in Review
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Mark West Creek (Figure 6) was identified in the 2014 CWAP as a priority stream for flow
enhancement actions to support threatened and endangered anadromous salmonid populations.
Prior assessments (e.g., Obedzinski et al. 2016) have indicated that impaired streamflow, especially
during the over-summer rearing period, limits steelhead and Coho Salmon survival in lower Rus sian
River tributaries including Mark West Creek.

Figure 6. Map of Mark West Creek watershed in the Russian River watershed.
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To help support the recovery of these salmonid species, the IFP conducted analyses within three
representative study sites (Figure 7) to assess the relationship between rearing habitat and
streamflow in Mark West Creek. Due to the Tubbs Fire, which burned through much of the middle
watershed in the fall of 2017, our study focused on the reaches of the creek in the upper watershed
above the burn area.

Figure 7. Mark West Creek study site map.
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Two-dimensional (2D) habitat models were developed for each of the three study sites using
detailed topographic data of the stream channel collected using a total station. Field -collected
discharge and water surface elevation data were used to calibrate each of the 2D models, which
were then used to simulate hydraulic parameters (i.e., depth and velocity) over a range of flows.
Habitat suitability and flow magnitudes for each species were determined based on a previous
Department study of juvenile steelhead and Coho Salmon habitat preferences (Gephart et al. 2020).
The resulting habitat-streamflow relationships will be used by the IFP to identify flow criteria that
conserve and protect steelhead and Coho Salmon rearing habitat in upper Mark West Creek.

Mark West Creek Watershed Criteria Report
Watershed-wide instream flow criteria were developed for Mark West Creek using a combination of
desktop analyses and field-based methods. Criteria were developed for Mark West Creek, Santa
Rosa Creek, Laguna de Santa Rosa, and their tributaries. A final draft of this report is planned to be
released in early 2022.

References:

Deitch, M. J. and B. Dolman (2017). Restoring summer base flow under a decentralized water management regime:
constraints, opportunities, and outcomes in mediterranean-climate California. Water 9(1).
Gephart, N., H. Casares, D. Haas, J. Hwan and R. Holmes (2020). Habitat suitability criteria for juvenile salmonids in the
South Fork Eel River watershed, Mendocino and Humboldt counties. California Department of Fish and Wildlife,
Instream Flow Program (CDFW), West Sacramento, CA. Stream evaluation report 2020-01.

Obedzinski, M., N. Bauer, A. Bartshire, S. Nossaman and P. Olin (2016). UC Coho Salmon and steelhead monitoring
report: summer-fall 2015. University of California (UC) Cooperative Extension and California Sea Grant, Santa Rosa,
CA.

Mark West Creek, Sonoma County
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Redwood Creek
Redwood Creek is located in
Humboldt County and is part of
the South Fork Eel River
watershed. The Redwood Creek
watershed covers 26 square miles
and provides critical habitat for
Northern California steelhead,
Southern Oregon/Northern
California Coast Coho Salmon,
and fall-run California Coastal
Chinook Salmon. Other notable
species that occupy the watershed
include Pacific Lamprey, Northern
Red-legged Frog, and Western
Pond Turtles.

Western pond turtle

The hydrology of Redwood Creek
is characterized by low summer
flows and frequent high-flow storm events in the winter, consistent with other north coast streams.
Current and historic environmental impacts on Redwood Creek include logging operations, road
development, and conversion of forest land for cannabis cultivation (Bauer et al. 2015; Klein 2011).

Redwood Creek, Humboldt County
2021 Year in Review
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Although Redwood Creek does not contain any large-scale dams, diversion structures, or reservoirs,
there are many regulated and unregulated flow diversions in the watershed (SWRCB 2021). Multiple
unregulated diversions can have a significant impact on surface flow, especially in low-flow months
and in smaller tributaries within the watershed (Bauer et al. 2015). These severely low dry -season
flows imperil juvenile salmonid growth and survival, hindering the recovery of sensitive salmonid
species.
In 2014, the South Fork Eel River was identified as a priority stream under the CWAP which directed
the Department to implement actions to enhance flows to protect anadromous fish habitat (CNRA et
al. 2014; CNRA et al. 2016). The Department selected Redwood Creek, located within the South
Fork Eel River watershed, for evaluation because of its high potential for anadromous salmonid
recovery.

Figure 8. Map of Redwood Creek study areas.
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This year, the IFP continued its work on Redwood Creek and the South Fork Eel River by
developing two flow reports. These reports summarize several years of field work performed by the
program, include extensive information on background hydrology, and present flow results
developed through the Instream Flow Incremental Methodology to aid in watershed flow
management. The following reports are undergoing the approval process for public release:

Instream flow evaluation:
Juvenile steelhead and Coho
Salmon rearing in Redwood
Creek (in prep.)

Watershed wide instream flow
criteria for the South Fork Eel
River (in prep.)
• Report utilizes both field and desktop
methods to evaluate numerous tributaries
and mainstem sections of the South Fork
Eel River watershed.

• A one-dimensional (1D) model was
produced using field-collected data and
modeling programs.

• Site-specific methods offer specific flows to
support steelhead life stages.

• The 1D modeling approach combined
data on river hydraulics, species and life
stage specific habitat preference, and
physical habitat modeling.

• Functional flows maintain natural patterns
by providing a range of flow magnitudes and
the timing of flow to support the ecosystem
over time:
 Wet-season baseflow
 Spring recession flow
 Fall pulse and peak flows
 Dry-season baseflow

• The results of the 1D model determine
instream flow needs for rearing
anadromous salmonids and long-term
stream ecosystem health.

Redwood Creek, Humboldt County
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Redwood Creek next steps
The criteria that were developed in the technical and watershed-wide reports, along with other
studies that may be happening the watershed, will be part of the information used by the State
Water Resources Control Board in the flow objective setting process.
The IFP plans to host a public webinar on the Redwood Creek technical report and South Fork Eel
River watershed criteria report in 2022.

After the meeting, the final reports will be available on our website:
https://wildlife.ca.gov/Conservation/Watersheds/Instream -Flow/Studies/South-Fork-Eel-Study.

References:

Bauer, S., J. Olson, A. Cockrill, M. van Hattem, L. Miller, M. Tauzer and G. Leppig (2015). Impacts of surface water
diversions for marijuana cultivation on aquatic habitat in four northwestern California watersheds. PLoS ONE 10(3).
CNRA, CDFA and CALEPA (2014). California Water Action Plan. California Natural Resources Agency (CNRA),
California Department of Food and Agriculture (CDFA), and California Environmental Protection Agency (CALEPA),
Sacramento, CA. Available: http://resources.ca.gov/docs/
california_water_action_plan/2014_California_Water_Action_Plan.pdf.
CNRA, CDFA and CalEPA (2016). California Water Action Plan 2016 update. California Natural Resources Agency
(CNRA), California Department of Food and Agriculture (CDFA), and California Environmental Protection Agency
(CalEPA), Sacramento, CA. Available: http://resources.ca.gov/docs/california_water_action_plan/
Final_California_Water_Action_Plan.pdf.

Klein, R. D., J. Lewis, and M.S. Buffleben (2011). Logging and turbidity in the coastal watersheds of Northern
California. Geomorphology 139–140: 136–144.
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Resources Control Board (SWRCB). Available: https://www.waterboards.ca.gov/waterrights/water_issues/programs/
ewrims/. Accessed: January 25, 2021.
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Cannabis Program Support
The IFP participates as part of a multidisciplinary effort with the Department ’s Cannabis Program
which includes staff from the Fisheries Branch and the Wildlife Branch. This team is developing the
California Environmental Monitoring and Assessment Framework (CEMAF), a statewide monitoring
framework that aims to assess whether cannabis cultivation may be having a significant adverse
impact on the environment. The monitoring framework uses a suite of approaches and protocols that
includes terrestrial, vegetative, and aquatic monitoring. The team will incorporate watershed -wide
instream flow criteria to help understand how the timing and duration of biologically relevant
instream flow and water quality parameters are affected by water diversions for cannabis cultivation
and other land uses.

Throughout 2021, staff conducted a pilot study to trial-run the methods and analyses of the
framework. The pilot study was conducted within the Department ’s Bay Delta Region and included
eight watersheds of interest. Due to ongoing drought conditions in 2021, staff encountered additional
challenges in timing field work with flow availability. Lessons learned from the pilot study were
discussed at the end of 2021 and used to adjust the framework. These adjustments will be
incorporated into a second year of the pilot study in 2022.
For more information on the Department’s Cannabis Program, visit: https://wildlife.ca.gov/
Conservation/Cannabis/Environment.
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Method Spotlight: 2D Models
Two-dimensional (2D) hydraulic
models are computer models
used to simulate water surface
elevations, velocity, and depth
patterns throughout a stream
reach (Annear et al. 2004).
The Department’s IFP uses 2D
modeling techniques to
estimate flow-habitat
relationships for threatened and
endangered salmonid species
in watercourses such as CWAP
priority streams.
Depth and velocity are the two
most common hydraulic
parameters specified in criteria
Data collection in Mark West Creek, Sonoma County
for fish passage or juvenile fish
rearing. Additionally, 2D models
are used to predict depth and velocity within a
These models are especially adept at
pre-determined area of the river or stream
simulating complex stream hydraulics that are
(Holmes et al. 2015).
often the source of optimal fish habitat in a
stream or river. The Department has
previously used 2D modeling to estimate
depth and widths needed for salmonid
passage through depth sensitive areas of the
Big Sur River in Monterey County (Holmes et
al. 2015) and Butte Creek in Butte County
(Cowan et al. 2016).

Data collection in
Mark West Creek, Sonoma County
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A 2D model is typically developed by
collecting discharge measurements, water
surface elevations, and topographic survey
data points along boundary transects and
throughout the stream reach of interest. The
topographic surveys provide a detailed digital
representation of the streambed and channel
geometry for the model to simulate where and
how much water will flow. Water depth and
velocity are collected at randomly selected
locations to validate the model.

Instream Flow Program

In 2021, the IFP used 2D modeling techniques to estimate depths and velocities and simulate
summer rearing flows for juvenile Coho Salmon and steelhead. Simulated depths and velocities are
used to weight the habitat potential of the wetted area of flow simulations over a range of flow. The
figures below show fields of depth (Figure 9) and velocity (Figure 10) simulated in one of three Mark
West Creek study sites using the hydraulic modeling program HEC -RAS (USACE 2016).

Figure 9. (A) Depth output in Mark West Creek 2D model. (B) Zoomed in with depth scale in feet.

Figure 10. (A) Velocity output in Mark West Creek 2D model. (B) Zoomed in with velocity scale in
feet per second; black arrows indicate velocity vector direction and magnitude.
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Drought Action
IFP staff are supporting the Department’s regional staff with conducting hydrological analyses
and providing flow information to inform regional drought -related activities. IFP staff use existing
hydrological tools and information, including ranges of unimpaired natural and functional flows
during dry months and years to evaluate flows (CEFWG 2021; Zimmerman et al. 2021). As the
drought persists, IFP staff will continue to assist Department regional staff with technical support on
hydrology and flows.

References:
CEFWG (2021). California Natural Flows Database: Functional flow metrics v1.2.1. California Environmental Flows
Working Group (CEFWG). Available: https://rivers.codefornature.org. Accessed: August 2021.
Zimmerman, J. K. H., D. M. Carlisle, J. T. May, K. R. Klausmeyer, T. E. Grantham, L. R. Brown and J. K. Howard (2021).
California Unimpaired Flows Database v2.1.0. The Nature Conservancy, San Francisco, CA. Available: https://
flowline.codefornature.org/.
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Quality Assurance and Training
The IFP is committed to collecting, analyzing, and reporting high quality, consistent, and defensible
data for use in decision making processes. Since 2012, the IFP has worked with the Quality
Assurance (QA) Team at the Marine Pollution Studies Laboratory at Moss Landing Marine
Laboratories. The QA Team has provided technical services related to instream flow, water rights,
and water quality. In 2021, the QA Team continued to support quality assurance efforts by assisting
with fact sheet development and technical review of study reports.

In support of sound quality assurance practices, IFP staff regularly review data collection methods
and data analysis techniques. IFP staff worked on several QA documents in 2021:
• An internal data verification guidance document was developed with oversight by the QA Team.

This document supports transparent, accountable, and scientifically defensible data collection,
transcription, analysis, and presentation.
• The Watershed Criteria fact sheet and Functional Flows fact sheet were updated to ensure

alignment with the most current terminology.
Annual calibration trainings provide staff with opportunities to refresh their knowledge and practice
field methods using standardized techniques. In 2021, IFP staff reviewed PHABSIM, a data
intensive tool commonly used by instream flow practitioners that combines stream hydraulics with
habitat suitability criteria. The IFP has used PHABSIM to develop flow criteria for anadromous
salmonids in several watersheds where site-specific studies were needed, such as the Big Sur River
and Redwood Creek. The training included review of sampling methods, field data collection,
development of predictive hydraulic habitat models in SEFA, and computation of area weighted
suitability.

Unnamed stream in Alpine County
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Presentations and Publications
CDFW (2021). Draft Instream Flow Regime Recommendations for the Lower Ventura River,
Ventura County. California Department of Fish and Wildlife, Instream Flow Program
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Ventura River, Ventura County. California Department of Fish and Wildlife, Instream Flow
Program (CDFW), West Sacramento, CA. Stream evaluation report 2021 -01. November 11,
2021.
Maher, M., W. Cowan, B. Stanford, H. Casares, L. Richardson, and R. Holmes (2021).
Instream flo w evaluation: Southern California steelhead adult spa wning and juvenile rearing
in San Antonio Creek, Ventura County. California Department of Fish and Wildlife, Instream
Flow Program (CDFW), West Sacramento, CA. Stream evaluation report 2021 -02.
November 11, 2021.

Obester, A. (2021). Using functional flo ws to establish flow criteria in California's South Fork
Eel River watershed. Virtual poster presentation at the California Water Data Science
Symposium. October 2021.
Obester, A. and B. Stanford (2021). Using functional flows to establish flow criteria in
California's South Fork Eel River watershed. Virtual presentation at the Western Division of
the American Fisheries Society Conference. May 2021.

Deer Creek, Nevada County
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2022 Performance Objectives
IFP activities in 2022 will focus on completing studies already underway, continuing efforts to
develop watershed-scale flow criteria for priority streams and providing regional support in the face
of ongoing drought. Continued coordination with regional staff, stakeholders, and other project
collaborators will be critical to completing ongoing projects.

 Continue IFP activities for the CWAP and PRC §10000–10005 priority stream studies.
 Conduct instream flow analyses to protect and enhance public trust values consistent with the
California Water Resilience Portfolio.
 Perform instream flow assessments to support watersheds impacted by cannabis through the
California Environmental Monitoring and Assessment Framework (CEMAF) pilot study.

 Provide hydrological and flow -related technical support to regional staff during drought
conditions.
 Continue to participate in the California Environmental Flows Framework (CEFF) workgroup and
partnership to further refine available instream flow tools and application of the CEFF statewide.

 Maintain quality assurance activities, document generation, and training in support of consistent,
comparable, and defensible flow studies and information development.
 Continue coordination and outreach efforts with the State Water Resources Control Board,
National Marine Fisheries Service, US Fish and Wildlife Service, the Regional Water Quality
Control Board, and other agencies.

 Support public and stakeholder engagement by continuing outreach efforts.
 Participate in and present instream flow study findings at meetings and workshops across the
state.

Los Banos Creek Reservoir (1972) in Merced County
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“What you do makes
a difference, and you
have to decide what
kind of a difference
you want to make.”
-Jane Goodall

California Department
of Fish and Wildlife
Instream Flow Program
P.O. Box 944209
Sacramento, CA 94244-2090

