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

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.
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Nutrients underwrite aquatic ecology

Stillwater Sciences

* The Klamath Basin is nutrient-polluted due

to agriculture and grazing, development,
draining of wetlands, mining, logging,
erosion of volcanic soils, and other colonial
anthropogenic activity

Eutrophy enables excess biomass,
cyanobacterial blooms, and resulting water
quality impairment (DO, pH, fish disease,
algal toxins, disrupted fishing and ceremony)

Dam impacts on nutrient dynamics are
typically conceived at the scale of the
reservoir, not downriver free-flowing
reaches
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at can we learn from 20
rs of tribal nutrient
nitoring?

1. How do dams impact nutrient

C

ynamics in downriver reaches?

2. How does dam removal impact the
river ecosystem through nutrient

\

ectors?

3. What might future nutrient
dynamics in the mid and lower
Klamath River look like after dam
removal?

...And why do nutrients matter?

Cal Poly Humboldt



Nutrient budgets, retention, and release

Shasta  Scoft st i!flres Retention (+) Release (-)
Inorganic/dissolved: uptake, | Inorganic/dissolved:
denitrification, sorption nitrogen fixation, desorption
Organic/particulate: Organic/particulate: decay,

G — Sy mineralization, settling bed resuspension
*Not the same as nutrient spiraling — gross vs. net retention*
Load (kg/d) = Concentration (mg/L) * Discharge (cfs) * 2.45

In—Qut>0 In—Out<O0

“Retention” “Release”
In-river Net Retention = Regressions with USGS NWIS,
Load In (mainstem + tribs) discharge, season, area-weighted
and antecedent accretions

— Load Out (mainstem) conditions



Long-term tribal research on Klamath Basin nutrients

Including but not limited to:

Walker, J.D., & Kann, J. 2022. Spatial and Temporal Nutrient Loading Dynamics in the
Sprague River Basin, OR, Water Years 2002 — 2020. Prepared for Klamath Tribes.

Kann, J. 2020. Nutrient Loading and Concentration Dynamics in the Sevenmile Creek System
—2019. Prepared for Klamath Tribes.

Walker, WW., Walker, J.D., & Kann, J. 2012. Evaluation of Water and Nutrient Balances for
the Upper Klamath Lake Basin in Water Years 1992-2010. Prepared for Klamath Tribes.

—  Walker, J.D., & Kann, J. 2022. Water and Nutrient Balances of Upper Klamath Lake, Water
Years 1992-2018. Prepared for Klamath Tribes.

Asarian, E. and J. Kann. 2011. Phytoplankton and Nutrient Dynamics in Iron Gate and Copco
Reservoirs 2005-2010. Prepared for Klamath Tribal Water Quality Consortium.

\ Asarian, E., J. Kann, and W. Walker. 2009. Multi-year Nutrient Budget Dynamics for Iron
Gate and Copco Reservoirs, California. Prepared for Karuk Tribe
Kann, J., & Asarian, E. 2007. Nutrient Budgets and Phytoplankton Trends in Iron Gate and
Copco Reservoirs, California, May 2005 — May 2006. Prepared for CA Water Board.
Kann, J., & Asarian, E. 2005. 2002 Nutrient and Hydrologic Loading to Iron Gate and Copco
Reservoirs, California. Prepared for Karuk Tribe.
Asarian, E., & Kann, J. 2006. Klamath River Nitrogen Loading and Retention Dynamics 1996-

\

2004. Prepared for Karuk Tribe.

Asarian, E., J. Kann, and W. Walker. 2010. River Nutrient Loading and Retention Dynamics in
Free-Flowing Reaches, 2005-2008. Prepared for Yurok Tribe.

Tribal science departments have collected high-frequency, quality-assured, long-term
sampling records which enable the use of advanced methodologies and analysis of basin-
wide nutrient dynamics in a large, inter-jurisdictional watershed.
Place-based tribal datasets can drive new understandings of aquatic ecology at large



Reservoirs delay nutrient subsidies from Upper Klamath Lake

1. AFA bloom 2. Stratification period (summer and fall): uptake
collapses, (Microcystis) and settling, nitrate stored at bottom
releasing ™, Iron Gate reservoir P A -

. Asarian & Kann 2011
atmospherically

fixed nitrogen
(~July)
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Summer nutrient release from reservoirs

Reservoirs are conventionally assumed to retain sioavaiabe
nutrients... but some, especially older, release reservoir
bioavailable N and P from the anoxic hypolimnion water

during warm season stratification

Wang, J., et al. Environ. Pollut. 2016, 219, 858—-865.

Klamath reservoirs had net retention of TN and TP on an
annual basis, but significant P release during late summer

and fall months
Copco reservoir TP retention (Asarian et al. 2009):

Lv, Y., et al. Sci. Total Environ. 2024, 917, 170490.



New report:

Nutrients and Nutrient Retention in the
Klamath River, CA, 2005-2023:
Seasonality, Hydrology, and Trends

John R. Oberholzer Dent, Eli Asarian, and Jacob Kann

Thanks to:

Karuk Tribe Water Quality Program
Yurok Tribe Water Quality Program
Quartz Valley Indian Reservation

Klamath Tribal Water Quality Consortium
As well as EPA, Pacificorp, CA Water Board




Data, methods, and products

1,967 samples from seven mainstem sites
1,060 samples from four large tributaries
683 samples from other tributaries

Daily discharge from six USGS gages
Hydrological data from PRISM, SnowView

Load esti

Anteceder‘t
hydrO\Ogica\

Asored data

>

For six nutrient parameters
(TN, IN, ON, TP, SRP, PP) from
2005-2023

e Daily time series of nutrient
concentrations and loads at
seven mainstem sites and
four tributary sites

e Monthly summaries of
retention in absolute (kg/d),
areal (mg/m?/d), and
relative (%/mi/d) terms for
Six reaches

e Monthly summaries of
precipitation and snow
hydrology for HUC-8s



Nutrient retention in free-flowing reaches

Despite tributary inputs, nutrient loads and Reservoir dynamics depend on
concentrations are significantly reduced by in- physical parameters (e.g., depth)
river retention in free-flowing reaches Putting it all together:
5 2
% . ™ Retention
x 2 J Release
s £
>
= ™ Retention
gb J Release
<

Keno- Copco-

Oberholzer Dent et al. 2026 Copco IG
Asarian et al. 2009, 2010

Oberholzer Dent et al. 2026

IG-SV SV-OR OR-WE WE-TG



Headwaters to mouth: Nutrient flux and stoichiometry

Low N:P ratios trigger cyanobacterial dominance via nitrogen fixation — balanced “Redfield” ratio at ~16:1 N:P

Parameter

1. Upper Basin: Agricultural pollution, erosion,
degradation of wetlands

2. Within Upper Klamath Lake: N-fixing
cyanobacterial blooms due to low N:P ratios,
internal P cycling

N:P Ratio

3. Keno Reservoir and Klamath Irrigation Project
diversions: water re-routed through KIP - loads
go down but concentration goes up with less
water

4. Hydroelectric reach: Settling, transformation,
and cycling in reservoirs (now removed)

5. Below Iron Gate to Orleans: Tributary inputs
are reduced by in-river retention processes

6. Orleans to Turwar: N-fixing biota return as

vses Average values for May-October, 2012-2023 N:P ratios go down



Nitrogen limitation and fixation over 175 mi

IN Conc. Peak in winter
. . Gillett, N.D., et al. Sci.
&« during reservoir | G (upriver) Total Environ. 2016,
. . 541, 1382-1392.
mixing
Minimum in
summer TG (downriver)

«—  during max v

retention Jan Dec /
ﬁ

SRP Conc. ) -
Peak in fall ~ Weitchpec to Turwar
\ during low
flows and
reservoir _
lease I Retention
re . J Release
N fixers reverse IN
Minimum in retention in summer
spring during and increase IN
diluting flows concentration ENREAREN B AR
Oberholzer Dent et al. 2026 « 7 >



Unigue dynamics below Iron Gate propagate eutrophication

Iron Gate to Walker Bridge to
Walker Bridge Seiad Valley
Artificially stable hydrolo
Retention T y y gy
does not flush nutrients from
sediments during winter and
macrophytes trap nutrients
2. Bioavailable P is released
. . Genzoli, L., & Hall, R.O.
from anoxic sediments Ecol. App. 2025, 35, 6,
. €70089.
Release {, during summer,

exacerbating eutrophication IG WA SV

overwinter until spring high
flows, creating a source of

Q nutrients via decay and
export downriver, supporting
excess biomass

Q @ Rooted aquatic plants

Oberholzer Dent et al. 2026



How do dams impact nutrient
dynamics in downriver reaches?

1.

P pollution in the Upper Basin contributes to
N-fixing algae blooms in UKL, resulting in
massive nutrient exports to the Klamath River

Stratification and cycling in reservoirs creates
uneven seasonal concentration patterns for N
and P, resulting in highly skewed and dynamic
N:P ratios exacerbated by reservoir P release in
summer and fall

Free-flowing reaches retain significant
nutrients, but these processes are disrupted in
reaches directly below dams, likely due to
macrophyte cover enabled by artificially stable
flows



Karuk and Yurok
tribal water quality
monitoring

. 9 continuous monitoring
stations (temperature,
conductivity, dissolved oxygen,
pH, turbidity)

e A 14 grab sampling locations
(nutrients, sediment, microcystin,
heavy metals)

. i\(Next slides focus on sites
below Keno (lowest remaining
dam), below JC Boyle, below Iron
Gate, at Seiad Valley, and at
Orleans




Nutrient loads from reservoirs

e Effective modeling using turbidity and season
e Suspended sediments 2-3% N and 0.3-0.4% P by

Mass

 Max measured conc: 73.4 mg/LTN, 9.71 mg/L TP
(Walker Bridge, 2/7/2024)

 Max estimated conc: ~100 mg/L TN, ~10 mg/L TP
e Loads in 2024 ~100x higher than previous years

* |G more export in 2024, JC more in 2025

Total Loads TN TP
(MT) 2024 2025 2024 2025
JC Boyle 1016 1891 104 177
Iron Gate
(Total) 4254 2488 932 313




Tracking nutrient loads moving downriver

Tributary inputs
larger than reservoir
loads in 2025

|G > SV indicates /
storage in 2024

o1\

Initial Cofferdam 2025 winter Higher loads from
drawdown removal rains KN and JCin 2025



Changes in load reveal storage, remobilization, and recovery
KN-IC (D Highest loads from |G and Copco

™ Load increases (+)
J' Load decreases (-)

Modeled tributary
loads (grey)

W

JCHIG

IG-!

SV-{

bV

DR

2. Mixed storage/release through 2024
3.) Low-flow deposition of cofferdam loads
4.) Reservoir loads in 2025 had comparable
magnitude to lower basin tributaries
@ Small summer decreases (present in all
reaches) show return of typical river
retention processes



High nutrients did not
impair DO outside of
peak sediment loads

e Organic matter fueled high
respiration during peak loads,
resulting in short-term anoxia

e But for most of the year DO
minima were the highest on
record

e Turbidity reduces ecosystem
metabolism

Genzoli, L., Oberholzer Dent, J.R., Hall, R.O., &
Johnson, G. In review. Debris flows suppressed
riverine metabolism following high-severity wildfire
on the Klamath River, California. Geophysical
Research Letters.

Real-time data available at
waterquality.karuk.us



How did dam removal impact the
river ecosystem through nutrient
vectors?

1. Unprecedented nutrient concentrations and
loads with initial drawdown, but high
turbidity prevented excessive primary
productivity (Genzoli et al., in review)

2. Significant nutrient deposition and
remobilization in mainstem Klamath — plus
late flushing from JC Boyle

3. Nutrient loads appear to be swiftly
decreasing following dam removal; reservoir
sediment releases comparable to tributary
inputs in 2025



Simulating dams out—=TN N, TP {, TN:TP

Highest dam moved

[7p]
from IG to Keno, existing go
reach retention rates o
shifted upriver =
S
/ o
p—— :
< > <4 > +
4} U
-~ Q
>
©
=
USGS
27 km 17 km 34 km 27 km
Before: Keno Copco =P |G < —pp A C——  C\/
REtCopco-lG REtIG-WA RetWA'SV La rge increase
34 k 27 km 44 km H 1
After: Keno <= - > < — > SV in TN, Sllght
Retic.wa Retyya sy Retgy e decrease in TP
4

Constrained by:
* Turnover time for aquatic plant communities after
hydrological regime change
e Slope and other geomorphic factors that are distinct in
the hydroelectric reach
* Potential legacy erosion of reservoir sediments Oberholzer Dent et al. 2026

TN:TP ratios
much closer to
16:1 balance!



Concentration changes in 2025 post-dam removal

P similar, except
pulse in winter
from reservoir
sediment and
lower overall
concentrations
from UKL this

Nitrogen pulse
shifted from
December to

September
year
N limitation
pushed

Higher peak N downriver,
\concentrations earlier, and
aligned with shorter with

Upper Klamath increase in

Lake algal co-limited

blooms conditions



When is dam removal

disturbance “over”?

Conditions in 2025 were
remarkably similar to long-
term predictions

Concentrations mostly
higher than predicted, may
reflect legacy input from
dam removal

TN:TP ratios dramatically

increased (note: not the same as
IN:SRP ratio shown on previous slide)

However, note unusual
conditions in UKL in
2025...

Ecosystem change is
happening! We need
continued water
quality monitoring.



What might future nutrient
dynamics in Klamath River
look like after dam removal?

1. Peak N concentration changed from
winter to summer without reservoirs
delaying UKL subsidies from N fixation

2. Increased N, similar P results in much
higher TN:TP ratios; N limitation reduced
in time, space, and severity

3. Limited reservoir sediment pulse
associated with winter storms



M : Why do nutrients matter? terestrial

__— Light, flow, temp J I
,‘? AN ¢ Food webs
Nutrientd ics o * Invertebrates
- * DO/pH stress ¢~
altered by colonia "_ /p ' e Fish
anthropogenic actions * FISh disease
¢ Eutrophication %\ e Limits human use * Larger predators

(pollution) ¢ ‘)/'-Humans

Eco- cuIturaI syctems

Climate, fire

Excess biomass

 Imbalanced
stoichiometry

¥
Cyanobacterial
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o Aitered timing

e Health and well- )\

 Change in long term being
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* River economies

boundaries e N fixation
? e Tribal sovereignty
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Nutrients drive primary proc

uctivity

e Dou

oling annual mean TN concentration

increases mean GPP by 50%

* IN retention increases at higher
concentrations in N-limited downriver
reaches, suggesting supply limitation

* Meeting nutrient TMDLs would reduce

GPP

Genzoli, L., Asarian, J.E., Oberholzer Dent, J.R., Carter, A.M., & Hall, R.O. 2024. Nitrogen drives
variation in annual primary production in the Klamath River, California. In L. Genzoli, Drivers
and Fates of Primary Production in a Dammed, Eutrophic River. PhD Dissertation

Oberholzer Dent et al. 2026



mpairment of cultural
veneficial uses

e Water quality
impairment from dams
well-recorded in tribal
literature and oral history

 Swimming, bathing,
ceremony impaired

 Traditional food sources
contaminated

Diver, S., Oberholzer Dent, J. R., Sarna-Wojcicki,
D., Ramos, N., & Reed, R. 2026. Indigenous
well-being indicators and social impact
assessment: Redefining restoration success for
Klamath River dam removal. Environmental
Science & Policy, 176, 104276.

Tribal capacities for
improving water quality

e Public health postings for
toxic algae

e Participation in TMDL
process

 Upper Basin point source
pollution control plan

 Long-term, place-based
datasets and expertise

Klamath Tribal Water Quality Consortium. 2018.
Upper Klamath Basin Nonpoint Source Pollution
Assessment and Management Program Plan. 78p.
klamathwaterquality.com




Urgent management needs: P pollution in Upper Basin

e N fixing AFA in UKL increases TN loads 389%
* AFA not historically present in UKL
e TMDL calls for a 40% reduction in P loads

o After 3 decades, avg. concentrations have lowered
from 0.101 to 0.093 mg/L, or 23% progress toward
the TMDL target of 0.066 mg/L

e P abatement efforts include restoring riparian
corridors and wetlands

Walker, J.D., and J. Kann. 2022. Water and Nutrient Balances of Upper Klamath Lake, Water Years
1992-2018. Prepared for the Klamath Tribes Natural Resources Department, Chiloquin, OR.

Eilers, J. M., et al. Hydrobiologia. 2004, 520(1), 7-18.

Reducing P inputs to UKL
is the key to improving
eutrophic conditions
throughout the basin



Unique value of long-term, place-based

tribal datasets

e High-resolution, high-confidence data collected with
“best science” methodologies by local tribal members

e Contributed to multiple TMDLs in the Klamath Basin
e Encouraging results for future dam removals

 Nuanced understanding of disturbance, recovery, and
restoration

 New insights into aquatic ecology and ecological theory

 Scientific analogues to Traditional Ecological
Knowledge

e Supports public health and eco-cultural restoration

e Strengthens tribal sovereignty and management of
tribal lands

See also...

Special issue in
progress for Freshwater
Science focused on
tribal science for dam
removal!



Yootval

Questions and feedback?

John R. Oberholzer Dent

Karuk Tribe Department of
Natural Resources
joberholzer@karuk.us
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Total Loads TN TP
(MT)
(90% PI) 2024 2025 2024 2025
IC Bovle 1016 1891 104 177
y (680, 1561) (1293, 2842) (66, 172) (114, 285)
lron Gate 4254 2488 932 313
(Total) (2272, 13162) | (1909, 3312) | (446, 3030) (221, 457)
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Natural sources to UKL: N/P ~ 1.5
(low due to high background geological P in
Cascade soils)

Large tribs: N/P ~ 5
(+330%, agricultural pollution)

UKL outflows: N/P ~ 10-15
(+390%, nitrogen fixing algae)

|G outflows: N/P ~ 9-12
(-12%, uptake and settling)

Klamath River at Orleans: (uptake)

Klamath River at Turwar: (nitrogen fixation)



Effects of Dam Removal
on Klamath RiIver
Aguatic Food Webs

Cal Poly Humboldt:
Claire Inouye
Alison O’Dowd
Karuk Tribe:
Toz Soto




INTRODUCTION

Klamath River at
Horse Creek

Spring 2025




ON KLAMATH
DAMS

o Six dams built between 1902 -1962
 Two upper dams are used for:

o lrrigation

o Waterstorage

o Recreation

o Hydroelectric power
 Fourlowerdams used for:

o Hydroelectric power

o Lowerfourdamsremoved

Photo: Cox, 2023




WHERE WE ARE NOW

Downstream of Iron

Gate Dam, looking
upstream After Dam Removal

Before Dam Remova

NovEmlaer 20ze November 2024
Photo: O'Dowd, 2023 Photo: O'Dowd, 2024




Sediment Impacts
~4.2 million tons (dry weight) of sediment stored
behind the dams in 3 reservoirs
84% of the sediment are fine (silts and clay)
Expected to mobilize and move quickly
downstream
Potential to directly and indirectly impact the
juvenile fish and other aquatic fauna

Iron Gate Reservoir
Fall 2024

Photo: Jason Hartwick/Swiftwater Films
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OBSERVED SHORTERM IMPACTS OF
DAM REMOVAL

. .
Dissolved Oxygen
A Drop during A
01 draw down 03
. and coffer Stress on Aquatic
Turbidity . a
dam breach Life
Increase during draw ) 4 Fish. benthic
down and coffer dam macroinvertebrates
breach

plant life




Giant Stonefly

(Pteronarcys princeps) W H Y
Benthic
Macroinvertebrates LOO K AI

e |ndicator of stream health

* Food resource for juvenile B IVI I?
salmonids -

Riffle Beetle

(Elmidae)

Caddisflies

(Trichoptera)

Typically, Salmonids eat...
e Macroinvertebrates in the water
column

Non-bitting Midge Mayfly
(Chironomidae) (Baetidae)




WHAT WE EXPECTED

=T

Mayfly

(Ephemeroptera)

After Dam Removal

Higher overall

benthic biomass
Stonefly

(Plecoptera)

Caddisflies
(Trichoptera)

Higher Taxonomic
Richness

Higher benthic
diversity

More sensitive
taxa



METHODS

Klamath at Horse

Creek
Spring 2025




STUDY
SITES




Drift Sampling:
Collected: Spring 2022-2025

BIOLOGICAL
SAMPLING

Photo: O’'Dowd, 2024

Photo:Inouye, 2024 Photo: O’Dowd, 2025

Fish Diet Sampling: Benthic Sampling:

Collected Spring 2022-2025 Collected: Fall2023-2025 and Spring 2022 -2025



SAMPLING SITE CHARACTERISTICS

AFTER: 2025
River _ _ Benthic
Kilometers from Drift Samples Diet Samples Samples
Site Name Iron Gate Dam Collected Collected Collected
B4 Iron Gate = Site 1 0.3 km 3 20 3
Gottville = Site 2 40.2 km 3 20 3
Horse Creek = Site 3 68.1 km 3 20 3
Seilad Creek = Site 4 96.8 km 3 20 3



SAMPLING SITE CHARACTERISTICS

2022
River _ _ Benthic
Kilometers from Drift Samples Diet Samples Samples
Site Name Iron Gate Dam Collected Collected Collected
B4 Iron Gate = Site 1 0.3 km 3 20 3
Gofttville = Site 2 40.2 km 3 20 3
Horse Creek = Site 3 68.1 km 3 ! 3
Seiad Creek = Site 4 96.8 km 3 23 3



SAMPLING SITE CHARACTERISTICS

BEFORE: 2022 AND 2023

River _ _ Benthic
Kilometers from Drift Samples Diet Samples Samples
Site Name Iron Gate Dam Collected Collected Collected
B4 Iron Gate = Site 1 0.3 km 6 20 6
Gottville = Site 2 40.2 km 6 40 6
Horse Creek = Site 3 68.1 km 3 27 3
Seilad Creek = Site 4 96.8 km 3 43 3



SAMPLING SITE CHARACTERISTICS

All Years (2022,2023,and 2025)

River _ _ Benthic
Kilometers from Drift Samples Diet Samples Samples
Site Name Iron Gate Dam Collected Collected Collected
B4 Iron Gate = Site 1 0.3 km 9 40 9
Gottville = Site 2 40.2 km 9 60 9
Horse Creek = Site 3 68.1 km 6 47 6
Seilad Creek = Site 4 96.8 km 6 63 6



Source : Cox,
2023




WATER
QUALITY

Thermistors

o Watertemperature taken at 15 minute
Intervals

e Discharge,turbidity,and dissolved

oXygen Photo: Indomultimeter Test
Instrument
o From RES SHHMEN



LAB PROCESSING

Benthic, Drift,and Diet
 Processed at CalPoly Humboldt

e Large samples were sub-sampled (50%or 25%)
* Insects identified to the Family level

o Non-insects identified to Class
 Fordietand drift

o |dentify life stage and measure length for
biomass estimates



DATA ANALYSIS

Univariate Analysis

e Tested interactions between site and time (before orafterdam removal)
o Site was used as arandom effect
 Used both Generalized Linear Models,and Linear Mixed
o Modelsdepend oncomponents such as data distribution (count,
proportion,continuous)

Multivariate Analysis
« PERMANOVA
o Testdifferences in community composition
« NMDS
o Non-Metric Multidimentional Scaling



ECOLOGICAL METRICS

 %EPT (Ephemeroptera, Plecoptera, Trichoptera )
» Taxonomic Richness

e Shannon Diversity

 Drift Density

 Drift Blomass

* Diet Biomass and Gut Fullness

 Fish Condition Factor

Photo: O’'Dowd, 2025






STUDY
SITES




EPT. EPHEMEROPTERA, PLECOPTERA, AN

TRICHOPTERA
Site 1

Site 2

Gottville
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EPT. EPHEMEROPTERA, PLECOPTERA, AN
TRICHOPTERA

Drift Diet Benthic
Site 1 ) . ) <
Iron Gate 0.0001 0.0001 0.0001
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Increase at Site 1
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No Significant
Changes!
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TAXONOMIC RICHNESS

Mixed Results
No Clear Trends
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Iron Gate
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BIOMASS

No Significant Increase at Site

Changes! 2 and Site 3
Drift Diet
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Significant Increase
at all sites!

Upstream
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FAMILY COMPOSITION
AT SITE 1 (IRON GATE)

Without

Daphniidae



FAMILY COMPOSITION
AT SITE 1 (IRON GATE)

Without

Daphnia



NMDS PLOTS

Before or After

Site 2
Site 3
Site 1
Site 4
Before
Before Site 2 After
Site 1 Site 3 Al Sites

(Iron Gate) Site 4



DISCUSSION

Klamath at
Gottville

Spring 2025




BENTHIC AND DRIFT

Dam removal caused strong but spatially variable responses
across benthic and drift communites

Site 2 and Site 3

Gottville and Horse

Creek
Largest shift i.n: These sites saw: Very little shift between
* Increase in %EPT e Declines in richness before and after
(in both benthic and e Only change was that
Plankton drift) the diet %EPT decreased

e Strongly influenced
pre -dam removal
drift patterns

Downstream




FISH DIET AND FISH CONDITIOI

Fish Condition

Increase diet richness Improved across all sites!
and biomass at:

e Site 2
e Site 3
Shifts in %EPT
e Varied by site



WHAT WE EXPECTED

=T

Mayfly

(Ephemeroptera)

| After Dam Removal

Higher overall

benthic biomass
Stonefly

(Plecoptera)

Caddisflies
(Trichoptera)

Higher Taxonomic
Richness

Higher benthic
diversity

More sensitive
taxa



Caddisflies
(Trichoptera)

WHAT WE EXPEC

Mayfly
(Ephemeroptera)

Stonefly
(Plece:

_.eroverall
-nthic biomass

Higher Taxonomic
Richness

Higher benthic
diversity

More sensitive
taxa




TAKE HOME

Effects are more pronounced at Iron Gate
(Site 1) and decrease further from the
dam

Fish Condition

e Improves across all sites
o Smallsample size

River Resilience
 Did notsee a collapse in invertebrate
communities



NEXT STEPS

One more year of sampling

More analysis

e Add In turbidity effects
e Look more into shifts in taxa
o Are the shifts we seeing better fish
food?

* Include tributary interaction?
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IMPACTS OF
KLAMATH
DAMS

2023
Fish Passage .
] « Lower four dams were |ndlgenOUS
Water Qua"ty impassable to migrating COmmuntles
fish and other aquatic
 Toxic cyanobacteria species * Restricted fishing
blooms rights and ceremonies.
» Higher temperatures n Cultural and spiritual
from dam releases FISh Health identity closely tied to
* Ceratonova shasta the river and fishing
» [ch ( lchthyopthirius
multifiliis )




LESSONS FROM THE
ELWHA DAM REMOVAL

Two Dams on the Elwha River

e Glines Canyon Dam
e Elwha Dam

Main Findings - Morley etal., 2020
o Drift samples shifted to more terrestrial insects during dam
removal
o Juvenile salmonids had fewer terrestrial insects in their
diets relative to drift
e Sensitive macroinvertebrate taxa decreased due to the
Increased sedimentation

Photo: USGS, 2018



TAKE HOME



ELWHA VS KLAMATH

‘ 30 million tonnes of Sediment - 4'_2 :"”'c;n tc;r.]s (dry @
sediment Budget weight) of sediment

stored behind the

dams in 3 reserviors

‘ 63% coarse Sediment 16% coarse
37% silt and clay Type @

84% silt and clayf

‘ > 18 million tonnes Sediment
5.54 million tonnes to Reaching @

the river delta the Ocean

Klamath Dam
Removal

13 million tonnes to

marine environment e

‘ 2011 to 2014 Time Frame 2023 to 2024



Fish Condition (K)
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Observed vs Posterior Mean Predicted Fish Condition
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Richness
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Co-author: Dave Coffman

Director, Northern California and
Southern Oregon

Presenter: Dan Chase
Director, Fisheries and Aquatics



Dams, Tributaries, and Reservoir Footprints

[ Reservoir Footprints
High Priority Tributaries



Overview

Tributary Restoration Work
Completed

Restoration Work Ahead for
KRRP



RES’ Role on the Project - Full Delivery Model

Requlatory approvals’ process
Develop and Design

Biological resource protection
measures — aquatic and terrestrial

Stream restoration
Revegetation
Water Quality
Implementation = Performance
All of the above

Long-term monitoring and
maintenance — includes reporting

Performance guarantee



Project Contributors

(.A Stantec

—
=WSC
.

‘WaTER SvsTEMS CONSULTING, INC.

® Kiewit



Advocating for Change

Dams impacted cultural ceremonies, practices, and culturally-significant resources



Dam Removal and Restoration Project Timeline

Restoration Restoration
Construction Construction
Year 1 Year 2

Dams Out - Fish In!




Sediment Evacuation and Fish Passage
Impediment Removal

Revegetation Efforts

Large Wood Loading



Tributaries and Reservoir Footprints

Summer 2024

[ Reservoir Footprints
High Priority Tributaries



Spencer Creek -
Drawdown 2024




Spencer Creek - Klamath River - August 2024



Spencer Creek - Klamath River - Mar 2026



Spencer Creek - Klamath River - Mar 2026



Tributaries and Reservoir Footprints

Summer 2024

Summer 2025 Summer 2025

Feservoir Foofprints
High Priority Tributaries






Camp-Scotch Creek Complex Restoration 2025

* Yurok Tribe Construction
Company (YTCC) began
construction late June 2025

* Qver 8,250 linear feet of stream

* Qver 190k CYs of earthwork

« Over 350 large wood structures
and 6 valley spanning vanes
placed

« Completed by 10/10/25



Floodplain grading and material processing.
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Construction of a boulder vane.



Floodplain Habitat Creation
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Camp Creek






Construction is complete
In-water work was completed by YTCC Sept 2025
2,900 linear feet of stream
Over 55K cubic yards of earthwork
74 large wood structures
100 habitat boulders placed

6 channel and 1 valley spanning vane placed

0.27 acre off channel pond created




30

Jenny Creek - Assisted Sediment Evacuation - April 2024



© Copyright 2026 RES









Tributaries and Reservoir Footprints

Summer 2024

Summer 2025 Summer 2025

Feservoir Foofprints
High Priority Tributaries



RES construction July-Oct 2025
Over 6,400 linear feet of stream length

Over 74K cubic yards of earthwork

Over 389 large wood structures placed

32 beaver dam analogs (BDAs)
installed over ~3,800 linear feet of
stream

3 acres of reservoir sediments
mechanically manipulated to lower the
artificial floodplain surface by 0.5 - 1.0
feet.







Incised and
narrow channel



|

Maintained wetted
channel location
pulled back banks
~130 ft across



Beaver Creek Restoration 2025

Upper restoration section of Beaver Creek

Lowering floodplain and resetting channel
profile













© Copyright 2026 RES



Beaver Dam Analog construction






Feb 2026 — Post high flow event



Feb 2026 — Post high flow event
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Copco Reservoir Footprint - January 2024
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Beaver Creek Valley — Copco Footprint Photo: John Lang



Klamath River - Copco Valley — Copco Lake Footprint Photo: Joel Ophoff



Seedbed Preparation

Seedbed Preparation at JCB, September 2024 Photo: Nathan McCanne



What's Next

2026-Onward

Monitoring and Maintenance
Revegetation
High Priority Tributaries
Fish Passage
Water Quality

Reporting

5 years and success criteria met

RES — Full-time on-site
presence



RES Project Partners

(4 Stantec



scientific reports

Molecular Time Capsule - eDNA Collection == s e

nature > scientific reports » articles > article

Article  Open access  Published: 01 July 2025

A molecular specimen bank for contemporary and
future study captures landscape-scale biodiversity
baselines before Klamath River dam removal

Dylan J. Keel B, Katie Karpenko, Scott M. Blankenship, Gregg Schumer, Oshun O'Rourke, Carl O. Ostberg

Daniel A. Chase B9 & Jeffrey ). Duda

Scientific Reports 15, Article number: 20679 (2025) ‘ Cite this article

1:30 Friday - Dylan Keel: The Klamath River Renewal Project Molecular Library, Describing Check ‘_’“t the
Landscape-scale Aquatic Biodiversity Change Following Historic Dam-Removal and Restoration article




Thank you!

Project Contacts

Dave Coffman
Klamath Restoration
Program Manager
dcoffman@res.us

Dan Chase
Lead Fisheries
Biologist
dchase@res.us

Dave Meurer
Director of
Community Affairs
dmeurer@res.us

RES Klamath Story Map




Beaver Creek - Helicopter Wood Aug 2024



Upper Klamath River Tributary Post Dam Removal Salmonid Restoration

Max Ramos &
William Nuckoles



Upper Klamath River Tributary Post Dam Removal Salmonid Restoration

Funders:
NOAA Fisheries
Transformational Habitat Restoration and Coastal Resilience Grant

Award: 18 million

USBR
Aquatic Ecosystem Restoration Program

Award: 10 million

Foundational Study: Klamath River Reservoir Reach Habitat Assessment and Restoration Plan (K3RP)




FINAL REPORT e December 2022
Klamath Reservoir Reach Restoration Prioritization
Plan (K3RP)

A Summary of Habitat Conditions and Potential Restoration Actions for the Mainstem
Klamath River and Tributaries between Iron Gate Dam and Link River Dam

Restoration Type Number of
yP Projects Identified

Habitat 82
Flow 144
Diversion Screening 70

16 TAC Representatives Ranking
High, Medium, Low Priority

Authors:

Chris O’Keefe - PSMFC

Bob Pagliuco - NOAA Restoration Center
Nell Scott-TU

Tommy Cianciolo-TU

Brett Holycross - PSMFC






Intertribal Planning and Advisory Committee (IPAC)

e Restoration collaborative of local Klamath basin tribes.

* Deliberately leading all restoration project design from
the beginning.




Klamath Indigenous Land Trust (KILT)

December 2025
PacifiCorp Parcel A, ~10,000 acres

Rank Project Location Project Description Score  Tier
1 #108 Mainstem Purchase PacifiCorp Parcel A lands for 4.69 High
Klamath, conservation and future restoration
Long Prairie
Creek, &

Shovel Creek



Goals and Objectives

Klamath River Reservoir Reach

Overall Project Goal: Increase the guantity and quality of habitat in the
Klamath River Reservoir Reach (KRRR) for spring and fall-run Chinook
salmon, steelhead, Pacific lamprey, coho salmon and other species,
incorporating TIK and inter-tribal objectives from IPAC.




Goals and Objectives

Complimentary project goals to restore KRRR habitats.

A. Stream and Floodplain Habitat Restoration
B. Infrastructure Limiting Factors Assessment
C. Fish Passage Restoration

D. Watershed-Scale Water Quality Restoration



Goals and
Objectives

A. Stream and Floodplain
Habitat Restoration

Restore and enhance degraded
Klamath River, tributary and
floodplain habitats in the KRRR
critical for the log-term success
of anadromous fish.

Shovel Creek channel simplification in the 1980’s




Goals and Objectives

B. Infrastructure Limiting
Factors Assessment

Assess antiquated infrastructure
for the improvement and
protection of anadromous fish
habitats and the restoration of
geomorphic processes in the
KRR.



Goals and Objectives

C. Fish Passage Restoration

Improve anadromous fish access
to essential habitats in the KRR
for all life stages and improve
water quality.

Jenny Creek Landslide
K3RP Survey, June 2021




Goals and
Objectives

Red is 2018
is 2019

D. Watershed-Scale Water
Quality Restoration

Improve water quality and
quantity for reestablishing fish
populations including altered
sediment supply, and degraded
riparian forest condition limiting
factors.

Jenny Creek

\

Detrimental
to juvenile
salmon
growth
>20.3°Cor
68.5°F

Suboptimal
for juvenile
coho salmon
growth
>15.6°C or
60.1°F




K3RP Fish Habitat Restoration Projects



K3RP Instream Flow
Restoration Projects



K3RP Instream Flow Restoration Projects

K3RP - KL-1
High Priority

K3RP - SH-1
High Priority

K3RP - GS-1
High Priority

K3RP - SH-2
High Priority




K3RP Instream Flow Restoration Projects

K3RP - KL-3
High Priority

K3RP - KL-2
High Priority




K3RP Instream Flow Restoration Projects

K3RP - KL-6
High Priority
/
K3RP - KL-5 K3RP - KL-4

High Priority High Priority







Jenny Creek High Gradient (2 - 9%)
Conditions

Large Substrate
Bridge Constriction






Long Prairie Creek Conditions






Klamath Bench Conditions















Year-round Cold Water

Shovel Creek Conditions

Robust Riparian Canopy

High Habitat Potential



Undersized Bridge

Incision

Diversion .
GS - 1 Diversion

SH -1

Limiting Factors



Historic Channel Manipulation















Shovel Creek Egg-Taking Facility



Shovel Creek Egg-Taking Facility






















Project Task / Project Phase

Task Deliverable

Approx. Milestone Date

Data Collection and Analysis Phase

Updated lidar and Aerial Imagery of Project Site. Ground water analysis, Geological
Investigations, Piezometer Installation, Flow Measurements, etc.

Start = October 2024
Finalize = December 2027

Existing Conditions Investigations

Existing conditions hydrograph construction and hydraulic modeling. Existing infrastructure
investigation and ecosystem limitations

Start = October 2024
Finalize = June 2027

Conceptual Design — Alternative Analysis Phase

Development of Conceptual Designs and Alternative Analysis for Habitat Restoration and
Infrastructure Improvement Components

Start = October 2024
Finalize = January 2026

Concept Design Review

Agency/Stakeholder review and approval

February 2026

30% Design Phase

Development of 30% Designs with Engineering Analysis, Hydraulic Modeling, Basis of Design
Report with Drawings for Habitat Restoration and Infrastructure Improvement Components
(Approval and Concurrence with Internal Partners and Local Stakeholders)

Start = February 2026
Finalize = May 2026

30% Design Phase Review

Agency/Stakeholder review and approval

June 2026

Environmental Compliance Phase

Using 30% Design Information — Development of CEQA/NEPA Approvals with State and
Federal Agencies; Includes all associated Permits and Approvals for Construction

Start = June 2026
Finalize = April 2027

60% Design Phase

Development of 60% Designs with Engineering Analysis, Hydraulic Modeling, Basis of Design
Report with Drawings for Habitat Restoration and Infrastructure Improvement Components
(Approval and Concurrence with Internal Partners and Local Stakeholders)

Start = July 2026
Finalize = September 2026

60% Design Phase Review

Agency/Stakeholder review and approval

October 2026

90% Design phase
(Note: Final 10% Design is Completed During Construction)

Finalize all Design Components to the 90% Level for Construction Operations: (Approval and
Concurrence with Internal Partners and Local Stakeholders)

Start = November 2026
Finalize = February 2027

90% Design Phase Review

Agency/Stakeholder Final Plan Review and Approval

February 2027

Construction Operations Phase

Implement all Habitat Restoration and Infrastructure Improvement Components

Start = May 2027
End = August 2028

As-Built Documentation and Report Development Phase

Final As-Built Data Collection Documentation Phase — Including Final Reporting and
Invoicing Submissions

Start = November 2027
End = August 2028
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How Best to Remove a Fish
Passage Barrier
-Blast or No Blast-

Jenny Creek Barrier
Removal Project



Background/History

-Built in the 1960’s for a nearby

campground

-Blocks 1 mile of anadromous
habitat

-CDFW Passage Assessment
Number 764931

-Klamath Reservoir Reach
Restoration Prioritization Plan
-Started Fundraising in 2023
-Exciting Times



Secured Funding with State and Federal Partners

= United States Fish and Wildlife Service X2

= California Department of Fish and Wildlife

" Pacific States Marine Fisheries Commission
e California Fish Passage Forum



e Develop the Jenny Creek Barrier Removal Approach
Memorandum

-Jenny Creek Watershed Overview

Contracted -210 Square Miles
-22.8 Miles of Stream Length

with Resource -Step-Pool Bedforms

Environmental -Jenny Creek Falls Located Above the Barrier
SOlutionS for -Flow Influenced by Howard Prairie Reservoir

PrOjeCt DeSign -Rogue River Irrigation Project Diverts 30% of

Flows
-Transfer 16.5 cfs from Spring Creek (a tributary ’
of Jenny Creek) to Fall Creek

-Monthly Average Flows Range from 15-300 cfs ,

> 4




Site investigation















Primary
Barrier
Removal

Approach

»Divert water out of the channel during
construction

»Manual labor using jackhammers,
grinders, and other hand tools to break up
and remove the concrete

> 6-weeks for the construction

»Increased project cost due to increased
labor time

»Could not be completed within the in-
water work period in 2025



Secondary
Barrier
Removal

Approach

»Explosives to break up the concrete
»Manual labor to remove the concrete
» Concrete debris will enter Jenny Creek

»Temporary water quality impacts due to
concrete rubble entering Jenny Creek

> 2-weeks for the construction
»Decreased project costs

»Could be completed during the in-water work
period in 2025



Develop the
Design with
Permitting
and Tribal

Consultation

e Multiple Site Visits and
Meetings to Refine the
Design

e Build Trust With Partners

California Department of
Fish and Wildlife

United States Fish and
Wildlife Service

Yurok Tribe
Shasta Indian Nation

National Oceanic and
Atmospheric
Administration

State Water Resources
Control Board



CDFW Cutting the Green Tape

 Habitat Restoration and Enhancement Act
»Small Habitat Restoration Project
-Less Than 5 Acres
-Less Than 500 Linear Feet
-Streamlined Permitting
»General 401 Water Quality Certification
» CEQA Compliance for Notice of Exemption

»Section 106, National Historic Preservation Act
»Section 7, Endangered Species Act
»U.S. Army Corps of Engineers Nationwide 27 Permit



Alternative 2—Full Removal

Implementation




e Construction Began on September 9, 2025
 Improve Road Access for Equipment
e |[n Water Work Period ends on September 30, 2025



CDFW Habitat Restoration Crew, Yreka, CA

Brought in to remove the dam




Concrete Removal












Question



Monica Diaz, PSMFC Project Lead Supporting the KBFC.
KBFC Leadership Team




Klamath Basin
Fisheries

Collaborative
(KBFC)

e Shared interests
e Dam removal
* PIT tag projects

e Cross-project
assessments

 Broad-scale reporting



KBFC Purpose

e Facilitate access to fisheries
PIT tag data and associated
metadata

e Build a network of
collaborators

e Advance research to inform
fisheries management and
restoration actions




Klamath Basin Fisheries Collaborative

Fostering information sharing and coordination among data collection entities working across
the Basin interested in monitoring and evaluating Klamath River Basin restoration efforts.

Leadership Team

Guides the Collaborative

Fosters communication
among members

Annual Meeting

Bringing together those
using PIT tag technology for
fisheries monitoring,
research, and management
in the Klamath Basin.

Working Groups

Science & Technology:

discusses PIT tag
detection, tagging
efforts, critical
questions, and data
gaps.

Other groups as needed

KBFC Database

Standardized PIT tag
data and associated
metadata.

Facilitates data
submittal from
electronic capture
applications.

Participants

Interested participants

are welcomed to all
meetings and working
groups

Members agree to

the KBFC Data Sharing
Agreement & Operating
Guidelines, and have
access to the KBFC
database




KBFC Database

* \Web-based platform for users to
view, input and download data



Tag Search History

Yay

¢ Detections

9 .-'9 Captures and

; Unknown Tags




PTAGIS MRR Site Locations:
Map (ptagis.org)

Avian Predation

Leavenworth National Fish Hatchery (4/2023) --->
UNKWR- Site N- Northeast (10/2023)



https://www.ptagis.org/Sites/Map

Avian Predation

Williamson River Weir (2016/2018/2019) --->
Badger Island (2020)

PTAGIS MRR Avian Colony Locations:
Map (ptagis.org)



https://www.ptagis.org/Sites/Map

Survey123

Survey Form PIT Tag Reader

. g g

SerialMagic Keys Pro

Mark, Recapture, Recovery Remote Deployments
(MRR)




KBFC Database...Moving forward

Finalized the Controlled
Vocabulary, Data Sharing Data starts to be Start process to convert
Agreement and Data accessible to KBFC legacy data to current Start creating Survey

Submission Templates Members data specifications 123 forms.
v

—

PN /T

Test and finalize Survery123 training in Started process to Refinements and
Survey 123 forms the field automate data transfer updates to the KBFC
with partners process with some shared database per
partners using Leadership requests
Survey123.




...Moving Forward

Refinements and updates
to the KBFC shared
database per Leadership
requests



mailto:project@kbfishc.org
https://www.kbfishc.org/
https://www.kbfishc.org/

KBFC Database — Listening & Improving

What We Heard What We’re Doing Now

e |eadership meeting sparked key conversations about e Streamlining data features to simplify standardized input
improving the database to meet member needs going into the database

e Members want better access to data and features that e Simplifying data visibility so members can clearly see
make sense for their workflows what’s available

e Modernizing the data uploading process moved too fast e Adjusting the pace of modernization to match where
while members were still learning the system, causing members are in learning the system
confusion

e PSMFC hired dedicated support to lead the legacy data
e Standardizing legacy data at the same time made it unclear conversion process for partners
what data and which years were in the system

e Personnel and funding constraints made it difficult for
partners to standardize their own legacy data




Inform Management Across the Klamath Basin
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KBFC Website

Email Questions: project@kbfishc.org
Website: https://www.kbfishc.org/
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