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The Klamath River once supported the third-largest salmon runs in the U.S. West Coast. Between 1918 and 
1962, PacifiCorp built four hydroelectric dams—J.C. Boyle, Copco Nos. 1 & 2, and Iron Gate—that blocked 
migratory fish passage and degraded river ecosystems. After decades of advocacy by tribal nations and 
environmental groups, the Klamath Hydroelectric Settlement Agreement was reached, paving the way for 
dam removal. Physical removal began in mid-2023 and was completed in September, 2024. The removal of 
the Klamath River dams marks a historic step toward restoring one of the West Coast’s most important 
salmon runs, but success won't be measured in months—or even just a few years. Restoration and 
monitoring need to occur to understand the outcomes of this landscape scale project. This session will 
highlight the current and future restoration efforts in the footprints of the former reservoirs on the Klamath 
River and highlight what the first year of physical and biological monitoring has revealed thus far after the 
largest dam removal in history. 

Session Coordinators: Bob Pagliuco, Marine Habitat Resource Specialist, 
NOAA Fisheries Restoration Center; and Mike Belchik Sr. Water Policy 
Analyst, Yurok Tribe
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Outline

• EXTRA-Brief introduction to the Klamath River 
Renewal Project

• Project Timelines and Responses
• Some changes happened in weeks
• Some changes are going to take decades

• Introduce the Molecular Library and Methods

• Visualize Fish Distribution data

• Analysis Results



Many Project Contributors
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Achieve dam removal, a free-flowing 
condition on the Klamath River, and 
volitional fish passage.

Project Purpose



Photo: Katie Falkenberg, Swiftwater Films



Iron Gate Reservoir, January 2024



Iron Gate Reservoir, January 2024Iron Gate Reservoir, February 2024



Iron Gate Reservoir, January 2024Iron Gate Reservoir, February 2024Iron Gate Reservoir, June 2024



Iron Gate Reservoir, June 2024Iron Gate Reservoir, April 2025



Project Schedule

Construction Post-implementationPre-implementation



Environmental DNA (eDNA) as a Time Capsule

• eDNA (genetic material that can be isolated from 
environmental samples of soil, water, and air) has been 
shown to be a cost effective, non-invasive, and sensitive 
tool for monitoring the distribution of species and biotic 
communities on broad geographic scales.

• Preserved environmental samples can retain usable genetic 
material for decades, extracted and purified DNA and RNA 
can retain sufficient quantity and quality for much longer.

The free-flowing Klamath River, 
June 2025



Creating the Klamath River Renewal Project Molecular Library

Klamath River Renewal Project Molecular Library, an 
Environmental Specimen Bank (ESB) with the goals of:

• Preserving eDNA (and eRNA) and related data to 
serve as a baseline and repeatable survey for 
long-term assessment of dam removal outcomes 
and associated reestablishment of native species 
along the Klamath River. 

• Contributing to the global effort to understand 
biodiversity response to landscape-scale restoration. 

Independent of the restoration effectiveness 
monitoring responsibilities defined for the project, 
RES, YTF, and GIQ staff began collecting baseline 
environmental DNA and RNA samples throughout the 
KRRP in July, 2023.



Site Selection

• In 2023 (before dam removal), 2024 (during dam 
removal), and 2025 (after dam removal was 
completed) we collected, filtered, and preserved 
the genetic material 
• Over 1,100 water samples 
• Systematically selected 45 mainstem, tributary, 

and control locations 
• across more than 70 river miles (114 km)

• Samples were collected following a Before-After 
Reference-Impact (BARI) monitoring design 

• Control sites within the basin (above waterfalls) 
• Reference sites outside of the impacted watersheds 

(Scott River & tributaries)



Research Questions
The free-flowing Klamath River, 
June 2025• Q1 –Did the community composition of fishes change in the dam-removal reach? Did we see 

changes outside of the dam-removal reach at the same time? 

• Q2 –Did the count of native fish species increase in the dam-removal reach following dam-
removal?

• Q3 -Did the count of exotic fish species decrease in the dam-removal reach following dam-
removal?

• Q4 –Did the native fish community evenness (Shannon diversity) increase in the dam-removal 
reach following dam removal?



Methods Summary

• Filtered 9 replicate water samples in the field with 0.45μm pore-size
Sterivex filters per site per year

• Preserved genetic material for stable transport with RNA Protect Tissue 
Reagent

• Extracted eDNA for stable storage and analyzed 3 replicate filters per 
site

• Used eDNA metabarcoding to assess the community-level 
composition of fish taxa at each sampling location

• We multiplexed MiFish-U primer with GIQHerp-F

• Quantified & purified libraries sequenced on Illumina MiSeq System

• Species ID determined using MetaWorks pipeline and verified against 
NIH NCBI using the BLAST algorithm using a 97% ID match threshold



Baseline Results



Results (2023 
to 2025)

• Dramatic reduction in 
relative abundance of 
exotic fish species 
DNA in former 
reservoirs















Question 1

RES team collects eDNA from the 
Klamath River, June 2025

Q1 –Did the community composition of fishes change in the dam-
removal reach? Did we see the changes outside of the dam-removal reach 
at the same time? 



• A BARI PERMANOVA; Bray-Curtis 
dissimilarity, showed that fish 
community composition at the 
14 sites within the dam-removal 
reach footprint changed 
significantly from 2023 to 2024–
2025 (era × reach_2023 R² = 
9.6%, pseudo-F₁,₁₁₃ = 21.3, p < 
0.0001; total model R² = 49.1%). 

• No temporal change was 
detected at the 32 non-reach 
sites or the 8 a-priori Reference 
sites in within-subset 
PERMANOVAs (era p ≥ 0.24 in 
both).

PERMANOVA 
Results



We used GLMMs to answer Questions 2, 3, & 4

RES team collects eDNA from the 
Klamath River, June 2025

Q2 –Did the count of native fish species increase in the dam-removal reach following dam-removal?

Q3 -Did the count of exotic fish species decrease in the dam-removal reach following dam-removal?

Q4 –Did the native fish community evenness (Shannon diversity) increase in the dam-removal reach 
following dam removal?



Results

• Native fish richness in 2025 was 28% (2.1 to 59.8%) above the 2023 baseline across the project area 
(2024 not credible)

• Native fish richness increased in larger streams
• Reservoirs supported only 21% (11.4-37.7%) of the native fish species that free-flowing streams
• Former reservoir sites had the same native species richness as stream sites



Results

• The whole dam-affected reach supported expected exotic richness ~4.3–4.6× that of stream sites in 2023 
• Change in exotic fish richness were non-credible in 2024/2025 (no significant change in exotic richness 

project wide)
• Exotic fish richness in FORMER dam-affected reach was not significantly different than stream sites (but 

trending slightly higher)



Results

• Reference sites had lower native fish diversity than project-wide impact sites 
• The whole dam-affected reach supported lower native fish diversity
• Native fish diversity in the FORMER dam-affected reach was not significantly different than stream 

sites
• Native fish diversity increased with drainage area



Conclusions

• Fish community composition changed significantly following 
dam removal – reference sites experienced no significant change 
over that time

• Exotic species response to dam removal varied

• Exotic fish richness in the reservoir reach was >4x as high as 
streams before dam-removal, but by 2025 was no different than 
adjacent streams

• Native fish richness increased at the site level across the KRRP 
by ~28% by 2025

• Native fish diversity was far lower in reservoirs than stream sites, but 
former reservoir sites were not significantly different than streams

• The Molecular Library was suitable for detecting landscape-
scale changes in aquatic diversity as well strong natural gradients 
in community composition RES team collects eDNA from the 

Klamath River, June 2025



Green sunfish
Golden shiner

Yellow bullhead

Largemouth 
bass

Sunfish sp.

Yellow perch

Dace spp.
Bluegill

Rainbow trout
Sculpins

Chinook salmon

Lampreys
Fathead minnow

Yellow bullhead
Coho salmon

Dace spp.

Suckers

Black crappie

Bold and Italic indicate native taxa

>95% exotic taxa reads >95% native taxa reads



Dylan J. Keel - dkeel@res.us & 
Daniel A. Chase - dchase@res.us

Resource Environmental 
Solutions, LLC. Sacramento, CA, 
95818

View the RES Klamath Story Map

Connect with KRRC

Questions?



Sampling Schedule and Water Year

Construction Post-implementationPre-implementation







Results (2023, 2024, & 
2025)

• Exotic fish relative abundance changes occurred 
during drawdown



• A BARI PERMANOVA; Bray-Curtis 
dissimilarity, showed that fish 
community composition at the 
14 sites within the dam-removal 
reach footprint changed 
significantly from 2023 to 2024–
2025 (era × reach_2023 R² = 
9.6%, pseudo-F₁,₁₁₃ = 21.3, p < 
0.0001; total model R² = 49.1%). 

• No temporal change was 
detected at the 32 non-reach 
sites or the 8 a-priori Reference 
sites in within-subset 
PERMANOVAs (era p ≥ 0.24 in 
both).

PERMANOVA 
Results



RES team collects eDNA from the 
Klamath River, June 2025

Responses (per site-year, from volume or flow-corrected reads)
Native richness — count of native fish (or fish+herps)
Exotic richness — count of exotic species
Native Shannon — non-zero subset; single-species sites excluded (qualitatively different state)

Likelihood per response: Poisson if posterior-predictive dispersion P(D_rep>D_obs) ∈ (0.1, 0.9); else negative binomial. 
Shannon = Gamma, log link

Random effects: stream-level iid intercept + Matérn SPDE spatial field (PC priors from Cressie variograms, 6 km 
cutoff); spatial fractions 43–80%

Counts: offset(log library size); Shannon: no offset

Fixed-effect grid — 36 candidate models per response
Habitat-family: none / Habitat (era-varying: Stream/Reservoir/Former) / reach_class (static 3-level)
Size-family: none / Size (Trib vs Mainstem) / log_DA (NHDPlus drainage area)
Year
Reference
Selection: WAIC (Watanabe 2010), strictly within likelihood family
Posterior-predictive: Bayesian p-values (χ², 300 draws) confirmed adequacy



Results

RES team collects eDNA from the 
Klamath River, June 2025



Results

RES team collects eDNA from the 
Klamath River, June 2025

• Best models passed GOF
• Best models described a meaningful amount of variance in the response



Estimation of Juvenile Salmonid 
Summer Occupancy in Shovel 

and Jenny Creeks
Ben King 

Environmental Scientist 
Klamath Watershed Program

California Department of Fish and Wildlife



Introduction: Pre-dams

• "The salmon run up the river and go up Shovel creek to spawn in 
such numbers as to be almost beyond belief. It is a fact that at 
narrow points in the river the salmon sometimes crowd each other 
out upon the bank." - San Francisco Call, Volume 106, Number 27, 27 June 1909: 
Where Shovel Creek Reaches the Klamath



Post Dam Removal 
Monitoring Framework

• Adult Escapement
• Spawning ground surveys
• Video Weirs

• Juvenile Outmigration and Rearing
• Outmigrant traps
• Summer snorkel surveys

• Water temperature monitoring

Photo: Ben King

Photo: Jon Kang



Post Dam Removal Monitoring Plan Phases

Phase 1: 
Reintroduction

1
Phase 2: 
Establishment

2
Phase 3: 
Abundance 
and 
Productivity

3
Phase 4: 
Spatial 
Structure and 
Diversity

4



Phase 2: Establishment

• "Chinook Salmon, Coho Salmon, steelhead, and 
Pacific lamprey are generally trending toward or 
have become established in available habitats 
(species and life stage specific) in tributary reaches 
within the monitoring reach"



Phase 3: Abundance and Productivity

• "Determining annual Chinook Salmon smolt 
production, spatial and temporal smolt abundance, and 
movement patterns (timing of downstream movement);"

• "Determining annual Coho Salmon smolt production, 
spatial and temporal smolt abundance, movement 
patterns (timing of downstream movement), and age 
structure. In addition, the relative abundance by 
reach/tributary and seasonal habitat use of juvenile 
Coho Salmon"



Phase 4: Spatial Structure and Diversity

• Phase 4 monitoring builds on Phase 3 and has a 
heavy life history diversity component.



Jenny Creek
• Largest tributary in the 

newly accessible CA 
section of the Klamath

• 544 km2

• Roughly 3.9 km of 
anadromous habitat

• ~ 800m of habitat 
restored in the 
reservoir footprint in 
2025

• Relatively warm 
summer water 
temperatures



Shovel Creek
• Largest tributary 

in the former 
hydropower 
peaking reach

• 132 km2

• Roughly 4.5 km 
of anadromous 
habitat

• Heavy spring 
influence



2024 Spawners

• Jenny Creek
• Chinook estimate: 348
• Coho estimate : 6

• Shovel Creek
• Chinook estimate: 287
• Coho Estimate: 39

• Persistent high flows made 
Coho monitoring challenging

Photo: Willis Hindle

Photo: Ben King



Persistent high flows continued 
through juvenile trapping season

• Precluded trapping in Jenny 
entirely.

• Precluded trapping Shovel until 
late April, 2025.

Photo: Willis Hindle



Field Methods

• Random 50% subset of 
200m stream reaches

• Coarse level habitat typing
• Snorkel surveys focused 

on pools + flatwaters
• Upstream snorkels of every 

unit in selected reaches
• Every other unit 

received a second, 
independent snorkel 
pass

Photo: Ben King



Occupancy modeling overview



Occupancy modeling overview



Analytical Methods

• Single season multi-scale occupancy models in 
PRESENCE

• Allows estimation of occupancy at two scales
• Reach scale (Ψ) and unit scale (Θ)
• Product of Ψ * Θ yields percentage of area occupied estimate (PAO)

• Individual habitat units are treated as closed sites
• Assumption that smolt outmigration was 

complete



Results: Jenny Creek

Species Ψ 95% 
CI Θ 95%

 CI P 95%
 CI

%
 Area 

Occupied

Total
Count

0+ Coho 
Salmon 83% 27-98% 49% 32-66% 67% 45-84% 41% 64

0+ 
Chinook 
Salmon

--- --- --- --- --- --- --- 7

• 4 of 5 reaches surveyed contained Coho Salmon
• High juvenile Coho Salmon reach level occupancy, moderate unit 

level = moderate percent area occupied (PAO)
• Wide CI’s



Results: Shovel Creek

Species Ψ 95% CI Θ 95% CI P 95% CI % Area 
Occupied

Total
Count

0+ Coho 
Salmon 86% 57-96% 75% 62-85% 88% 76-94% 65% 509

0+ 
Chinook 
Salmon

55% 27-80% 33% 19-50% 87% 59-97% 18% 36

• 12 of 14 reaches contained juvenile Coho Salmon
• High unit and reach level occupancy for juvenile Coho Salmon
• Moderate occupancy for juvenile Chinook Salmon



Density Comparison
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Over-summering Coho 
Salmon well distributed 
in year one

• Encouraging to see 
Coho sprinkled 
throughout most of 
the anadromous 
habitat.

• Low densities, 
especially in Jenny 
Creek.

• Prime pools 
demonstrated the 
potential for higher 
densities

Photo: Christy Wheatley



Contrasting thermal regimes



Stream-type Chinook 
Salmon is exciting!

• Life history diversity in these 
developing populations is 
noteworthy

• Size at outmigration and 
ocean entry linked to survival

• Fall/Winter outmigration 
could be advantageous with 
additional distance

Photo: Ben King



Much lower O. mykiss densities than in past 
studies, 2025 higher than 2024
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Next Steps

• Concrete gravity dam 
removed on Jenny Creek 
allows access to another 
mile of habitat

• N-mixture models to 
estimate over-summering 
abundance?

• Mainstem reaches

Photo: Ben King
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Photo: Maiya Romero







• 11.2% of  natural spawners in the 
entire Klamath basin (including 
Trinity)

• 19.4% of  natural spawners in the 
Klamath basin above Weitchpec
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How will Klamath Stocks Respond to 
Dam Removal? 

Spring-run Chinook Salmon Summer-run Steelhead 

Monitoring Klamath Adult Salmon Abundance and Movement in 
Newly Available Habitat Post Dam Removal

Alex Corum, Karuk Tribe
Bob Pagliuco, NOAA Restoration Center
Cyril Michel, University of Santa Cruz, NMFS SWFSC Affiliate
Toz Soto, Karuk Tribe
James Whelan, California Trout
Damon Goodman, California Trout
Mark Hereford, OR Dept. of Fish and Wildlife
Carolyn Malecha, OR Dept. of Fish and Wildlife
Jordan Ortega, Klamath Tribes
Ryan Bart, Klamath Tribes
Ben Grassman, CalPoly Humboldt

Photo - Caltrout



A Fishy Working Group
Building a Community around Science and Monitoring
Karuk Tribe Toz Soto, Alex Corum, Clay, Bo, Eric, Ben
Yurok Tribe Barry McCovey, Oshun O'Rourke, Leanne Knutson
Klamath Tribes Ryan Bart, Jordan Ortega
NOAA Fisheries Bob Pagliuco, Tommy Williams
BOR Torrey Tyler, Eric Reiland
USFWS Ryan Fogerty, Steve Gough
CDFW Crystal Robinson, Rosemary Romero, Morgan Knechtel, Dominic Guidice
ODFW Mark Hereford, Carolyn Malecha
USGS CRU and CalPoly Humboldt Nicholas A. Som
CalPoly Humboldt Andrew Kinzinger, Laura Redfield, Ben Grassman
MIT Sara Beery, Justin Kay
CalTech Michael A. Hobley, Madison Van Horn, Pietro Perona
UC Santa Cruz Cyril Michel
Klamath River Renewal Corp. Mark Branscomb, Ren Brownell
Ridges to Riffles Stephanie Quinn-Davidson
Conservation Angler John McMillan
Skagit Salmon Erik Young
K. Denton and Associates Keith Denton, Oleksandr Stefankiv
George Pess Consulting, LLC George Pess
RES Daniel Chase, Dave Coffman
CalTrout Damon H. Goodman, James Whalen, Andrew McLane



Photo - Caltrout



Need for Monitoring Post Dam Removal
A Unique Opportunity to assess Expansion, 
Abundance, Timing and Diversity

• Restoration – Information needed to evaluate 
the effectiveness of dam removal and where 
to focus future restoration efforts.

• Regulatory – Information needed to inform 
BOR Klamath Project ops/consultations, 5-yr 
status reviews, and listing petitions.

• Fisheries Management – Information needed 
to manage the tribal, commercial, and sport 
in-river and ocean fishery.

• Future Monitoring Efforts- Information 
needed to evaluate where to invest future 
monitoring efforts 

Photo – Bob Pagliuco



Study Design 
• How Many? – SONAR below Iron Gate
• What Species? – Tangle netting and eDNA
• Where are they going & what conditions are they 

experiencing? – Radio telemetry

Partners
• CalTrout (Study design, project management, fundraising)
• Karuk Tribe (SONAR, tangle netting and CA mobile 

tracking and telemetry station maintenance)
• Klamath Tribes (UKL, Sprague, Williamson, Wood mobile 

tracking and telemetry station maintenance)
• Yurok Tribe (SONAR review)
• Ridges to Riffles – (Technical support)

• ODFW (Study design, state line to Link mobile and aerial 
tracking, tangle netting, and telemetry station maintenance)

• CDFW (Field support, SONAR camera, and permitting)
• NOAA (Study design, partner coordination, fundraising)
• UC Santa Cruz – (Study design, analysis)
• Keith Denton and Cal Poly Humboldt 

(SONAR/apportionment design, analysis, publication)
• CalPoly Humboldt – eDNA, mobile tracking, behavioral 

dynamics

• CalTech & MIT – FishEye AI



SONAR-Former Iron 
Gate Dam Footprint

Photo - Caltrout



SONAR - Abundance and Timing






Improving Efficiency 
through Machine Learning



2024 -  7,700

2024 - 324

2025 - 315

2024/2025 Species Specific Abundance Estimates

2025 - 13,300

_____ 2024
------- 2025

_____ 2024
------- 2025



• Tangle netting - weekly
• Fish tagged with PIT and Archival 

Radio Telemetry Tags
• Scale, lipid and genetic samples
• Fixed radio receivers at 12 locations
• Mobile/Flight tracking
• Tagged Chinook Salmon, Coho 

Salmon, Steelhead

Sprague River

Radio Telemetry and Netting for 
species apportionment and tag 

deployment





Netting Methods
Big improvement over last year



2025 catch summary

• 3 fishing days/week during 
October to maximize tag 
deployments

• 109 fish tagged from Sept 24, 
2025 through Feb 4, 2026

• CA
• 68 Chinook captured, 59 

tagged (8 ad-clipped) 
• 2 Coho captured and tagged
• 5 O. mykiss captured, 1 

tagged
• OR

• 44 Chinook captured and 
tagged

• 3 O. mykiss tagged (likely 
residents)



Radio Tagging






Radio Telemetry






Tracking Fish in Real Time to Inform Monitoring and Management Efforts

https://oceanview.pfeg.noaa.gov/KlamathSalmonTrack/

Klamath Salmon Track



Tracking Fish in Real Time to Inform monitoring and Management Efforts

109 fish tagged out of >13,300 seen on the SONAR (0.7%)



Distance traveled



Fish Upstream Passage
• Fish passage through 

different reaches 
indicated some 
chokepoints

• Chokepoints could be 
due to migratory 
physical and water 
quality barriers, but 
could also be due to fish 
recruiting to spawning 
habitat and tributaries

• “Fall-back” leads to 
~half of tagged fish not 
progressing to next 
receiver site



Fish Passage at Fish Ladders - Keno
• 30 of the 53 fish (56.6%) 

that were detected or 
released just 
downstream of Keno 
Dam were detected 
above it

• 11 of the 53 fish (21%) 
detected downstream of 
Keno were detected at 
Miller Island

• Recently tagged and 
released fish exhibited 
some “fall-back”, which 
may bias this rate of 
passage





Keno Impoundment Reach
• 11 of the 30 fish detected above 

Keno were detected at Miller 
Island (36.7%). 

• This section had very low DO 
values 

• 2 fish were detected in 
agricultural ditches



Water quality conditions experienced - dissolved oxygen







Summary
• SONAR and radio telemetry is 

crucial for management, 
restoration and future 
monitoring efforts.

• It takes a very large, diverse, 
intelligent and dedicated team 
to work across the reconnected 
Klamath River at this scale.

• Keno and Link River dams pass 
fish but we also observed 
migration delays.

• Diversions in the Keno 
impoundment reach have been 
shown to entrain fish and future 
restoration efforts should aim to 
prevent entrainment.



Questions?

Project Funders



Current Monitoring efforts - ~350 – 400 additional 
miles of habitat

Karuk/USFS/MKWC/CDFW – carcass and redd surveys – lower 
and mid Klamath tributaries

Karuk/Yurok/USFWS – Mainstem carcass and redd surveys - 
Iron Gate to Wingate Bar

CDFW– Carcass, redd surveys and video weirs   – 4 tributaries 
in the Reservoir Reach

ODFW – Mainstem carcass/redd surveys Keno to Stateline, 
video weir on Spencer Creek, and cameras on Keno and Link 
ladders 

Klamath Tribes – Carcass/redd surveys Williamson, Wood and 
Sprague Rivers 

Complementary Monitoring Designs for Adult Salmon



Where are they spending the most time?

• Each point represents a 
unique fish on a unique day, 
colored by individual

• A lot of fish on the spawning 
grounds of the former Iron 
Gate and Copco reservoirs

• A lot of fish at Keno Dam



Movement of tagged fall Chinook

31

California-tagged fish Oregon-tagged fish



Unique Movement Patterns



Unique Movement Patterns



Fish Upstream Passage
● Fish passage through 

different reaches indicated 
some chokepoints

● Chokepoints could be due 
to migratory physical and 
water quality barriers 
(BAD!), but could also be 
due to fish recruiting to 
spawning habitat and 
tributaries (GOOD!)

● “Fall-back” leads to ~half 
of tagged fish not 
progressing to next 
receiver site



Fish Passage at Fish Ladders - Keno
● This section had very 

low DO values 



Repopulation of Chinook Salmon in 
Upper Klamath Lake and It’s Major Tributaries

By Jordan Ortega
Anadromous Fish Specialist
The Klamath Tribes Ambodat Department Photo: Paul Wilson



Oregon

Californi
a

Iron Gate Dam
Copco 1 

& 2 Dams

J.C Boyle 
Dam

Keno Dam
Link River Dam

• 4 dams removed 
August 2024

• 3rd largest producer of 
Chinook on west coast

• 2-4% of historical 
abundance

• 751 km of stream 
habitat upstream of 
dams

Klamath Dam Removal 

0k
m

50km 100km



An Inland Basin with 
Ocean Connections

• Klamath Basin covers 3 
physiographic regions

• Basin and Range (UKB)
• Cascades Range (LKB)
• Klamath Mountains (LKB)

• Distinct “Great Basin” fish not 
found downriver



Photo Paul Wilson Photo Paul Wilson



The Klamath Tribes
• Federally recognized 

tribe.

• Reserved Treaty Rights 
Area

• Restoring salmon 
essential given the loss 
of traditional 
subsistence fisheries

Treaty Rights Area

30 km



• Spatial Challenge
• So much space!

• Temporal Challenge
• Fish moving 

throughout time!

The Monitoring Challenge



• 152.5 km between Iron 
Gate dam and UKL 
(including tributaries)

• 598.5 km upstream of 
UKL

Spatial Challenge



Temporal Challenge

Summer
Winter

Spring

Fall

Chinook

Coho

steelhead

Pacific Lamprey 



Summer Winter

Spring

Fall



Photo: Paul Wilson



Monitoring Strategy 

• Radio Telemetry 

• Motion Sensing Camera

• Visual Surveys



Focal Area

• Klamath Tribes 
monitoring focus is 
major tributaries of 
UKL

• ODFW, Karuk Tribe 
USFWS, CalTrout 
etc. monitor 
Downstream

Wood River

Sprague River

Williamson 
River

N

0km 15km 30km



2024 Chinook Salmon Run: First Year Post-Removal

Slide by Mark Hereford



2025 Monitoring Objectives 

• Spatial Distribution 

• Run Phenology

• Size, Sex, and Age 

Structure

• Hatchery Contribution 

• Run Size

Photo Paul Wilson



Methods 
• Spatial Distribution

• Visual surveys

• Run Size & Timing
• Redd counts

• Live fish counts

• Population Characteristics

• Carcass collection

• Size distribution

• Age Distribution

• Hatchery Contribution



Spatial 
Distribution 

• Widespread spawning 
distribution 

• Farthest upstream 
observation

• 150 km to UKL
• 580 km to ocean



Run Phenology
• Spawning activity 

spanned 1.5 months
 
• Peak spawning late 

October at West Side 
Springs, Williamson, 
Sprague

• Peak spawning 2-weeks 
later at East Side 
Springs



Sex, Size, and Age

• Approximately 
even sex ratio

• Males > Females

• Consisted of age 3 
& 4 adults

• No jacks 
observed

Mean = 69 cm

Mean = 75 cm

Female Fork Length

Male Fork Length



Hatchery Contribution

63/219=29 %

Majority of run 
was wild fish!



Run Size

• Groundwater Portions of UKL

• Trapezoidal approximation method to calculate 

area under the curve (AUC)

Run Size = AUC/Residence Time = ∑ (Ci+ C(i+1)
𝟐𝟐

 x Δt

• Williamson, Wood, Sprague

• Redd count based run size estimate

• Number of Redds x 2 = Run Size



Run Size

• Upper Klamath Lake: 219

• Williamson: 82

• Sprague: 22 

• Wood: 12

TOTAL RUN SIZE (minimum) = 
335 Fall Chinook

Photo: Paul Wilson



Next Monitoring Steps…

• Returning adults encouraging but 
does not reveal if they will be able 
to establish self sustaining 
populations

• To evaluate reproductive success 
we implemented a monitoring 
strategy that includes the use of 
rotary screw traps

Photo Mark Martin



Juvenile Chinook 
Salmon Monitoring

• Operating two 5-ft rotary screw 
traps

• Sprague River
• Williamson River



Catch Through Time

Photo: Paul 
Wilson

Early April Peak



Size Through Time

Chinook size indicates growth and 
downstream movement of the 2026 cohort



Screw Trap Highlight

N.F. Sprague River

• Released Fall 2025 on North Fork 

Sprague

• 3 captured April 2026

• Over-wintered in Sprague

• Distance of > 130km



2025 Chinook Monitoring Take Home…
• Adults distributed upstream rapidly 

across a broad spatial extent

• Evidence of successful spawning as 
indicated by the presence of 
recently emerged chinook fry

• Early response underscores the 
importance of restoring 
connectivity in large watersheds

• Continued monitoring by The 
Klamath Tribes Ambodat 
Department Photo Paul Wilson



Our Partners



NOAA National Marine Fisheries Service

What does success look like? 
A vision for Klamath River salmon

Thomas Williams
Research Fisheries Biologist

Southwest Fisheries Science Center
Fisheries Ecology Division – Santa Cruz, California

Santa Cruz, California
1 May 2026



Knowing what we want – a 
conceptual framework for restoring 
Klamath River salmon populations

Thomas Williams
Research Fisheries Biologist

Southwest Fisheries Science Center
Fisheries Ecology Division – Santa Cruz, California

Salmonid Restoration Conference    1 May 2025



• Individuals (within and 
between life stages)

• Populations

• Groups of populations

• Larger regional groups (e.g., 
ESUs)

• Species

To be viable (i.e., persist) – fish need to be able to track 
changes in environment.

B. Cluer



Natural disturbance events that 
influence salmonid populations 
throughout their range include:

• fires

• landslides

• glaciers

• earthquakes

• volcanic eruptions

• floods



Anthropogenic constraints that can influence the 
ability of salmonid populations to track changes in 
environmental conditions include:

• migration barriers

• land management activities (e.g., 
timber, agriculture)

• fire (magnitude, frequency)

• Water withdrawal

Fresno Bee (9/27/2009)

Fresno Bee (9/27/2009)



The California Current System is dynamic

This mid-summer surface 
temperature snapshot shows 
how complex and diverse 
“ocean conditions” are at any 
given time in response to 
variable weather, winds, ocean 
currents, etc.

6



VSP Viable Salmonid Populations
Viability of populations are evaluated based on four 
parameters (VSP parameters):

McElhany et al. 2000. Viable salmonid populations and the recovery of Evolutionarily 
Significant Units. NOAA Technical Memorandum NMFS-NWFSC-42.

http://www.nwr.noaa.gov/1salmon/salmesa/pubs.htm

• abundance
• population growth rate
• spatial structure
• diversity

ESU viability 
• catastrophic events
• long-term demographic processes
• long-term evolutionary potential



• Individuals (within and 
between life stages)

• Populations

• Groups of populations

• Larger regional groups (e.g., 
ESUs)

• Species

To be viable (i.e., persist) – fish need to be able to track 
changes in environment.

B. Cluer



From Ebersole et al. 1997. Envir. Mgt. 21:1-14.



From Ebersole et al. 1997. Envir. Mgt. 21:1-14.



Spatial Structure Diversity

Abundance

Productivity

Viability
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Life history characteristic, habitat 
use curve, etc.



Life history characteristic
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Population A

Population B

Population C

Population D

ESU/Listing 
Unit



Schindler et al. 2010. Nature 465 (June 2010)



Hilborn et al. 2003  Proceedings of the National Academy of Sciences 100:6564-6568



Hilborn et al. 2003  Proceedings of the National Academy of Sciences 100:6564-6568



Brennan et al.  2019. Shifting habitats mosaics and fish production across river basins. Science 364:783–786.



Brennan et al.  2019. Shifting habitats mosaics and fish production across river basins. Science 364:783–786.



From Ebersole et al. 1997. Envir. Mgt. 21:1-14.



From Ebersole et al. 1997. Envir. Mgt. 21:1-14.



From Ebersole et al. 1997. Envir. Mgt. 21:1-14.



Bottom et al. 2009. Reconnecting social and ecological resilience in salmon ecosystems. Ecology and Society 14(1):5

“Of particular importance to 
ecosystem resilience are 
large-scale shifts in oceanic 
and climatic regimes or in 
global economic conditions 
that unpredictably alter 
social and ecological 
systems”

“Strengthening resilience 
will require expanding 
habitat opportunities for 
salmon populations to 
express their maximum life-
history variation”



Reeves et al. 1995. A disturbance-based ecosystem approach to maintaining and restoring freshwater habitats of evolutionarily 
significant units of anadromous salmonids in the Pacific Northwest. American Fisheries Society Symposium 17:334–349. 

“First, biologists, managers, and planners need to think in longer 
time frames than they are generally accustomed to using. They 
need to acknowledge that ecosystems are dynamic in space and 
time over these longer periods.

T. Williams



Brennan et al.  2019. Shifting habitats mosaics and fish production across river basins. Science 364:783–786.

“Shifting habitat mosaics are a central feature of what 
makes ecosystems resilient. Because patterns of high and 
low production, or conditions most suitable for growth, 
shift among locations through time, the biological 
performance of a landscape tends to be more reliable at 
aggregate spatial scales. This means that conservation of 
the processes that generate and maintain heterogeneity 
and connectivity across landscapes (e.g., fires, floods, and 
migration) is as important as the biological communities 
that they support”



Population A

Population B

Population C

Population D

Population E

Population F

Population G
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Williams et al. In Preparation



From Ebersole et al. 1997. Envir. Mgt. 21:1-14.



From Ebersole et al. 1997. Envir. Mgt. 21:1-14.



What does success look like? A 
future landscape connected 
hydraulically, geomorphically, 
ecologically, etc. at a spatial and 
temporal scale that allows fish to 
move across the landscape to track 
changing environmental conditions 
and disturbances. The greater the 
connectivity for each level of 
biological organization (individuals, 
families, populations, etc.) the more 
likely we will have resilient fish 
populations supporting a range of 
interests and expectations.



Know where you are going – know where WE 
are going – desired future landscape – shared 
vision. 

Focus relentlessly on processes not parts, 
dynamic not static, movement and connectivity, 
tracking change in the environment, and the 
conditions of the habitat across space and time. 

D. Chase
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