
A Workshop at the 42nd Annual Salmonid Restoration Conference
Santa Cruz, California, April 29 - May 2, 2025

Fish & Fire 2025: 
Where There are Fish, There is Fire



2024 brought another major fire season to California, and more reminders of the interconnectedness across fire, water, and fish. 
Like so many fires before it, the Park Fire has daylighted several interesting intersections: the potential for high-severity fire in 
critical watersheds like Mill Creek (one of the last Central Valley strongholds for wild spring-run Chinook), the need for 
suppression activities and retardant drops to carefully consider fish habitat and infrastructure (like the fish hatchery in lower Battle 
Creek), and the reality that the same fire can be both damaging and restorative across the larger landscape, especially in a place 
that evolved with frequent fire. This workshop will continue the Fish & Fire conversation started over the last two years of SRF 
conferences, highlighting recent examples like the Park Fire and digging further into the ecology of fish and fire, the impacts of fire 
exclusion and fire suppression on aquatic habitats, and the potential for restoration practitioners to more meaningfully bring fire 
into the way they envision and implement their work. The first part of the workshop will focus on relevant research and 
management examples, and part two will be more hands-on, including dialogue and training on the use of beneficial fire. By the 
end of the day, participants will have a better understanding of the many connections between fish and fire, more contacts and 
networks to bridge the two disciplines, and new skills and inspiration that they can bring to their restoration work.

Session Coordinators: Lenya Quinn-Davidson, University of California 
Agriculture and Natural Resource and Josh Smith, Watershed Research and 
Training Center
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From the Headwaters to the Estuary
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University Chico 



The diversity of life has resulted from the diversification of species and 
the interactions that occur among them… (Thompson 1996)Loh and Harman 2014
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• Fire is a natural, healthy, & necessary 
feature on many landscapes. 

• Due to landscape mismanagement, 
unprecedented mega-wildfires are 
becoming increasingly common 
worldwide. (2019-20 Australian brushfire, 2019 & 2021 taiga 
forests in Siberia, 2022 France, 2022 Spain, 2022 Portugal, 2023 Chile)  

• Direct effects of fire on streams is 
reasonably well-documented.

• How does mega-fire disturbance impact 
lakes, their ecology, and food web 
energy transfer?

Lake Almanor, CA / Jaime Menendez 2022

Fire & Freshwater Ecosystems 

In July and August 2022 significant fire events took place across Europe, especially in 
France, Portugal and Spain. 
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By Anu-Maija Sundstrom (FMI), Sabrina Szeto, Julia Wagemann and Federico Fierli 

Wildfire season in Europe typically spans from early June to late September. Wildfires occur more frequently, and are more extensively, in 

southern parts of Europe, than in the north. The wildfire season in Summer 2022 was exceptional, in terms of number of fires observed, 

extent of burned area (Figure 1), as well as high fire-related atmospheric emissions. According to The European Forest Fire Information 

System (EFFIS), from early June to mid August 2022 the number of detected fires in Europe was higher than the long term average of 

2006-2021 and higher than the earlier maximum values since the start of the EFFIS data record in 2006. 
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Recent surges in wildfire

• Surge in climate-driven wildfires 
across Pacific West of North 
America.

• 7 largest wildfires in CA occurred 
within the last 6 years.

• Mega-fires cause unprecedented 
disturbance effects to 
ecosystems. 
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Lassen National Forest, 2020 Plumas National Forest, 2021

August 18, 2020 – PM

August 19, 2020 – AM August 6, 2021 – AM

August 5, 2021 – PM



Do lakes feel the burn?
DOI: 10.1111/gcb.14732 

RESEARCH REVIEW 

Do lakes feel the burn? Ecological consequences of increasing 
exposure of lakes to fire in the continental United States 

Ian M. McCullough1 Cli) I Kendra Spence Cheruvelil1•2 Cli) I Jean-Fran~ois Lapierre3 Cli) 
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Montreal, QC, Canada 
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Abstract 

Wildfires are becoming larger and more frequent across much of the United States 

due to anthropogenic climate change. No studies, however, have assessed fire preva­

lence in lake watersheds at broad spatial and temporal scales, and thus it is unknown 

whether wildfires threaten lakes and reservoirs (hereafter, lakes) of the United States. 

We show that fire activity has increased in lake watersheds across the continental 

United States from 1984 to 2015, particularly since 2005. Lakes have experienced 

the greatest fire activity in the western United States, Southern Great Plains, and 

Florida. Despite over 30 years of increasing fire exposure, fire effects on fresh waters 

have not been well studied; previous research has generally focused on streams, and 

most of the limited lake-fire research has been conducted in boreal landscapes. We 



Pre-Fire Emerald Lake

Post-Fire Emerald Lake



Dixie Fire, California (2021)

• Largest single-source wildfire in 
CA on historic record.

• Burned ~1M acres in Northern 
California (July–October)

• Burned ~70% of Lassen National 
Park

• Rare autumn storm put out the 
fire (7–42 cm rain <48 hr)



Caribou Wilderness, Lassen National Forest 

• Pre-fire food webs

• 10 lakes

• Various lake sizes, 
watershed sizes, & 
burn severity

Table 1. Pre-fire field sites from 2020, sorted by lake volume. 

Lake Latitude Longitude Surface Area (m 2
) Max Depth (m) Volume (m) Watershed Area (m2

) 

40.47811 -121 .1524 38,267 2.1 80,361 687,441 

40.50932 -121 .1921 18,811 4.7 88,412 582,536 

40.48741 -121 .1481 37,652 3.1 116,721 266,294 

40.48157 -121 .1456 40,730 2.9 118,117 687,441 

40.50627 -121 .1917 22,760 9.8 221,910 582,536 

40.50668 -121 .2121 45,626 5.4 247,293 1,250,744 

40.49649 -121 .1853 21,467 12.8 274,778 276,351 

Gem 40.50103 -121 .1957 42,582 11 .6 493,951 431,236 

Turnaround 40.51301 -121 .2136 130,033 12.9 1,687,828 1,250,744 

40.52807 



Trophic cascades can have long-term effects

Freshwater Biology 

Indirect effects of introduced trout on Cascades frogs 
(Rana cascadae) via shared aquatic prey 

MAXWELL B. JOSEPH*, JONAH PIOVIA-SCOTTt, SHARON P. LAWLER* AND KAREN L. 
POPE+ 
*Department of Entomology, University of California, Davis, CA, U.S .A. 
tcenter for Population Biology, University of California, Davis, CA, U.S.A. 
+USDA Forest Service, Pacific Southwest Research Station, Arcata, CA, U.S.A. 

F I SH STOCK IN G ! MP A CTS TO MO UNTAIN L AK E ECOS YSTE M S 

The Introduction of Nonnative Fish 
into Wilderness Lakes: Good 

Intentions, Conflicting Mandates, 
and Unintended Consequences 

Roland A. Knapp, *1 Paul Stephen Corn,2 and Daniel E. Schindler3 

'Sierra Nevada Aquatic Research Laboratory, University of California, Star Route 1, Box 198, Mammoth Lakes. California 93546, 
USA; 'US. Geological Survey, Northern Rocky Mountain Science Center, Aldo Leopold Wilderness Research Institute, P.O. Box 

8089, Misso ula , Montana 59807, USA ; and 3Department of Zoology, University of Washington, Box 351800, Seattle, Washington 
98195-1800, USA 

Indirect effects of fish on macrophytes in Bays Mountain Lake: 
evidence for a littoral trophic cascade 

Ecology, 91(8), 2010, pp. 2406- 2415 
© 2010 by the Ecological Society of America T.H. Martini.•, L.B. Crowder1, C.F. Dumas1, and J.M. Burkholder2 

1 Department of Zoology, 2 Department of Botany, North Carolina State University, Raleigh , NC 27695, USA 

Nonnative trout impact an alpine-nesting bird by altering 
aquatic-insect subsidies 

PETER N. EPANCHIN,
1
•
3 

R OLAND A. KNAPP,2 AND SHARON P. LAWLER
1 

'Graduate Group in Ecology, Department of Entomology, University of California, Davis, 
One Shields Avenue, Davis, California 95616 USA 

2Sierra Nevada Aquatic Research Laboratory, University of California, HCR 79, Box 198, Mammoth Lakes, California 93546 USA 



Question 1: 
Are fishes eradicated in lakes following mega-wildfires?

• Hypothesis: Fish will be eradicated in small lakes, but not in larger lakes 
where they will be reduced in abundance but persist overall. Likely due 
to runoff and oxygen depletion.



• Hypothesis: Fish reductions 
will generate trophic cascades, 
the strength of which will vary 
by intensity of fish reduction. 

Question 2: 
Does trophic cascade 
strength vary with 
ecosystem size?

Tr
op

hi
c C

as
ca

de
 S

tr
en

gt
h

Strong

Weak



• Hypothesis: 
Fire-driven loss of 
fishes will truncate & 
contract food webs,
leading to 
fundamental change 
in populations & 
communities.

Question 3: How does lake food web structure and 
function shift following intense watershed burning?

Figure 1. Mean d13C–d15N +/- 1 SE biplot for a representative large and small lake, illustrating pre-fire food web 
structure (with fish) in a blue polygon and hypothesized post-fire changes to food web structure (without fish, assuming 
no other changes) in a teal polygon. 



Field Data 
Collection



Methods & Analyses
• Q1 – Are fishes eradicated in lakes following mega-wildfires?

• Quantify impact of overwinter anoxia & changes to fisheries 
abundance using experimental gill nets to compare 
catch per unit effort (CPUE)

• Q2 – Does trophic cascade strength vary with ecosystem size? 
• Evaluate response ratios to quantify trophic cascade effect size
• Mixed effect Bayesian models and GAMs to statistically test ratios

• Q3 – How do food webs shift after intense watershed burning?
• Food web sampling for nitrogen (δ15N) & carbon (δ13C) isotopes
• Deploy temperature & oxygen moorings; vertical profiles
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# of RBT per hour decreased, 
sometimes by ~50%.

Preliminary Results
Q1 – Are fishes eradicated in lakes following mega-wildfires?



Preliminary Results
Q1 – Are fishes eradicated in lakes following mega-wildfires?



Preliminary 
Results

Q1 – Are fishes 
eradicated in lakes 

following mega-
wildfires?

Burn Severity alone is not a significant predictor 
of CPUE difference.

Lake Size alone is not a significant 
predictor of CPUE difference.



4 lakes saw RBT Total Length decline or remain consistent.
2 lakes saw positive RBT growth.

Preliminary Results
Q1 – Are fishes eradicated in lakes following mega-wildfires?



Preliminary Results
Q1 – Are fishes eradicated in lakes following mega-wildfires?

RBT condition is overall poor in the lakes.
Condition < 100 is low, 50-60 detrimental.



Preliminary Results

Q2 – Does trophic cascade 
strength vary with ecosystem 

size? 

Answer – TBD!



Preliminary Results

Q2 – Does trophic cascade 
strength vary with ecosystem 

size? 

Answer – TBD!



Preliminary Results
Q3 – How does lake food web structure and 
function shift following intense watershed 
burning? Answer – TBD!

Small Lake Large Lake



Preliminary Results
Q3 – How does lake food web structure and function shift following 
intense watershed burning?  Answer – TBD!
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So What?

• Ecological patterns are often scale-dependent.

• Trophic cascade strength likely hinges on ecosystem size, but this is a 
unique angle in the ecological literature. 

• Wide applicability towards understanding what is happening in lake 
ecosystems post-fire, both regionally and beyond.  

• What data are available to address these, and other, questions?
How can we acquire those data we are missing?



Thank You!
• National Science Foundation, RAPID DEB-2225284

• California Trout & Peter B. Moyle Endowment for Coldwater 
Fish Conservation 

• UC Davis WFCB, Lloyd Swift Endowment for Undergraduate 
Experiential Learning Opportunities 

• Paul Divine, California Department of Fish & Wildlife

• Isaac Chellman, Lassen National Forest Fisheries Biologist

• Field Crews: Riley Hacker, Sophia Sanchez, Katherine Fierro, 
Jaime Menendez, Kaylee Pebelier, MJ Farruggia, Mackenzie 
Miner, Jordan Colby, Wilson Xiong, Dave Ayers



Thank You!

caparisek.github.io  caparisek@ucdavis.edu  



Table 2. Suite of food web complexity metrics that can be employed whether or not baseline carbon shifts pre- versus post-fire. 

If baseline 613C did not shift If baseline 613C did shift 

Community metrics 

of trophic structure 

(Layman et a I. 2007) 

Hypothesis-testing 

framework for 

Layman metrics 

(Turner et al. 2010) 

Stable Isotope 

Baysian El lipses in R 

(SI BER) (Jackson et 

al.2011) 

Bayesian estimation 

of Trophic Position 

(TP) (Ouezada­

Romegialli et al. 

2018) 

Description 

Six metrics to quantify trophic diversity and 

redundancy, i.e., 61 SN and 613C Range, 

Total Convex Area, Mean Distance to 

Centroid, Mean Nearest Neighbor Distance 

(NND), and Standard Deviation of NND. 

A hypothesis-testing framework for Layman's 

metrics that applies linear models and 

residual permutation procedure. 

Extends Layman's metrics into ones which 

apply Bayesian methodology to compare 

niche widths; SIBER provides more robust 

analysis options. 

TP calculates population-level trophic 

position using a Bayesian framework. TP can 

account for individual variability and can 

discriminate two distinct C and N sources 

(e.g., benthic-pelagic, aquatic-terrestrial). 

Metric 

Standardizing 

multidimensiona l 

Description 

A computational correction formu la which 

addresses potential bias of different 613C 

and 61 SN ranges among food webs by 
space (Cucherousset 

scaling both axes to a standardized range 
and Villeger 2015) 

for each isotope. 

Baseline-

d d
. d . . BaSIVA hand les dual-baseline analysis 

stan ar Ize IsotopIc 
through a Bayesian framework and then 

vector analysis 
proceeds to quantifying strength and 

(BaSIVA) (Black and 
direction of basa l resource shifts. 

Armbruster 2021) 

Stable Isotope 

Trajectory Analysis 

(SITA) (Sturbois et al. 

2021) 

SITA is recommended when basa l resource 

differences result in different consumer 

positions in biplot space. 



Lake Surface Area (m2) Years Stocked
Eleanor 18,811 2002-2014, 2016, 2018, 2021
Emerald 21,467 2002-2014, 2016, 2018, 2021
Jewel 22,760 2002-2009, 2014, 2016, 2017, 2018, 2021
Betty 37,652 2002-2014, 2016, 2018
Trail 38,267 2002-2009, 2014, 2016, 2018
Shotoverin 40,730 2001-2021
Gem 42,582 2002-2009, 2012-2014, 2016, 2018, 2021
Black 45,626 2002-2014, 2016, 2018, 2021
Turnaround 130,033 2002-2009, 2013, 2014, 2016, 2018, 2021
Triangle 183,206 2002-2009, 2013, 2014, 2018, 2021
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Preliminary Results



Image Credit: USGS
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Lethal and Sublethal Effects of Fire 
Retardants on Salmonid Early Life 

Stages: Establishing Toxicity Thresholds 
for Aquatic Health

Cominassi, Louise, Quijada Escobar, K., Feddor, E., Lin, 
D.,  Reece, P.,  Raman, R., Blechschmidt, S., Brander, S., 
Segarra, A.

Salmonid Restoration Federation 
Workshop 04/30/2025



Background: Salmonids concerning trends in abundance

FALL RUN CONCERN

LATE FALL RUN CONCERN

WINTER RUN ENDANGERED

SPRING RUN THREATENED

Decline in abundance along the US West coast

CHINOOK ABUND.ANCE FROM ALASKA. THROUGH CALIFORNIA 
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salmon than 1976 
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Background: Use of Fire Retardants against Wildfire

@Washington State Recreation and Conservation Office
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Background: Use of Fire Retardants against Wildfire

• Wildfires are becoming more 
frequent due to climate change

• To stop the spread of the fire, 
fire retardants (Phos-Chek ®) 
are used

• Fire retardants can enter 
freshwater systems through 
runoff posing toxic threats to 
aquatic life



Background: Important Knowledge Gap  

• Toxicity of fire retardant often tested on juveniles 
rainbow trout  Limited Understanding of 
Species and Stages-Specific Responses 

• Toxicity test conducted are usually to test for 
mortalities: test for LC50 Limited knowledge 
on sublethal effects 

• Test the toxicity of the “fresh” product  Don’t account 
for the impact of the environment on the fire retardant 
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Research Question: 

 How does fire retardant chemicals affect the lethality on early life stage of salmonid?

Understand how fire retardants impact salmonids during their early life stage

Project Aim

Rainbow Trout

Chinook Salmon

Chinook Salmon

 How do fire retardants impact sublethal endpoints such as morphology, behavior and development?

• UCDAVIS 
Oregon State 

University 

UCDAVIS 



Method

Weathered

Non -
Weathered

Processed  simulates 
sunlight exposure

Freshly applied
Phos-Chek LC95W

Assessed on juveniles
Rainbow trout
LC50 = 327 µl/L

Lethal Toxicity

LC50 (Mortalities)

Weathered 

Non­
Weathered 



Method

Lethal Toxicity

Temp: 10 °C

Lethal Exposure
• Exposed to a range of concentrations
• Exposure of 96h
• Determine the mortality (LC50)

Tested on both weathered and non-weathered

Rainbow Trout Chinook Salmon

• Oregon State 
University UCDAVIS 

1000 
APPROX 

800 

600 



Results

Lethal Toxicity

Weathered

Weathered has a lower 
LC50, therefore, it is 
more toxic than non-
weathered version.

Non-
weathered

Rainbow Trout

LC50: 119.83 ± 30.19 LC50: 150.42 ± 39.46Phos-Chek LC95W
Assessed on juveniles

LC50 = 327 µl/L

Embryos 2x more sensitive

• Oregon State 
University 
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Results

Lethal Toxicity

Weathered Non-
weathered

Weathered has a lower 
LC50, therefore, it is 
more toxic than non-
weathered version.

Chinook Salmon

Phos-Chek LC95W
Assessed on juveniles

LC50 = 327 µl/L

Embryos 45x less sensitive
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• Toxicity:  weathered Phos-Chek is more toxic than non-weathered

• Rainbow trout embryos are more sensitive to Phos-Check fire retardant 

than Chinook Salmon

• Harmful effects of Phos-Check can be underestimated consider 

weathering in assessments

Discussion

Lethal Toxicity



Temp: 10 °C

Exposure Clean Water

96h exposure Clean water
Not hatched

Clean water 
Hatched

Morphology
Behavior:
- Locomotion
- Photomotor Response
- Anxiety-like Behavior 

24 days

Endpoints

Method

Sublethal Toxicity

Weathered

Non-
weathered

& CTL 50 
µl/L

100
µl/L

200
µl/L

400
µl/L

800
µl/L

1600 
µl/L

3200 
µl/L

Chinook Salmon
UCDAVIS 

1000 
APPAOK 1000 
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800 

.. 



Morphology measurements

 Measured just after hatching
 Standard length and Yolk sac volume

Method

Sublethal Toxicity

Chinook Salmon
UCDAVIS 



Method

Sublethal Toxicity

Behavior tests

dark light

photomotor

5 min 10 min 10 min

Programmable light

1 fish per bowl

Switch with timer

Camera

Total distance 
moved

Velocity

Thigmotaxis
« wall hugging »

Cruising Bursting

Locomotion

Anxiety-related behavior

Freezing

Photomotor Response

Light Trigger 
response

Chinook Salmon
UCDAYIS 
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96 Hour 

Results

Sublethal Toxicity

Weathered

Non-
weathered

Mortality after 96h Sublethal Exposure 

Hatching Swimming

Morphology

Behavior

Chinook Salmon

LC50: ~14800 µl/L 

LC50: ~35170 µl/L 

Noticed an increase in 
mortality after exposure 
ended.  

No significant mortalities 
during the exposure.
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No significant differences compared to control.

Results

Sublethal Toxicity

Morphology – Standard Length

***

Chinook Salmon

Siginificant difference between weathering 
condition only at 800 µl/L.

Overall, no effect of Phos-Check on length at hatch
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Yolk-sac volume in exposed fish was not 
significantly different compared to control.

Results

Sublethal Toxicity

Morphology – Yolk Sac Volume
Chinook Salmon

No effect of Phos-Check on yolk sac volume at 
hatch.
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No significant difference between 
non-weathered and weathered 
treatments with how they respond to 
changes in light conditions. 

Results

Sublethal Toxicity

Behavior – Photomotor Response
Chinook Salmon

No effect of Phos-Check on photomotor
response

-E 100 
E ..._... 
"C 
Q) 
> 
0 
E 

• 

~ 0 .. , . . , .. , ... , ....... ,.,. - ..... , -·-···· ,., . ...... , -
C 
ro .., 
(/) 

"C 
C 

Q) 

g' -100 
ro 
.c 
() 

• • 
• 

• 

• 
• 

Light ON 

• • NS 
• 

• • • • • • 
• 

• 

-· -. -. ~-- -· -. - -· - -• - ·-·-

• • 
• • 

-200 L---~---~---~---~---~---~---~---~---' 

Concentration (µ1/L) 

UCDAVIS 

Type 

s Control 

s Weathered 

s Non-Weathered 



Results

Sublethal Toxicity

Fish exposed to weathered and non-weathered 
treatments showed significant alteration in 
behavioral responses.

Hyperactive/Erratic behavior 
compared to control

Behavior – Locomotion
Chinook Salmon

Exposure to Phos-Check at embryos stage 
affect locomotion of larvae

UCDAVIS 
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Overall, anxiety-like behavior 
significant increase for both 
weathered and non-weathered in 
light and dark conditions 
compared to control

Results

Sublethal Toxicity

Behavior – Anxiety-like behavior Chinook Salmon

Exposure to Phos-Check at 
embryos stage increase larvae 
anxiety-like behavior
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Discussion

Sublethal Toxicity

mortalities after 96h sublethal exposure in concentrations that were 10x lower than 
concentration used for LC50.  

The 96 h-LC50 might underestimate mortality.

anxiety-like behavior and alteration in locomotion
Might affect foraging for food and avoiding predators
Might add to the existing stressors in the wild

morphology: no effect on yolk-sac volume
Suggest no energetic cost on development 

Chinook Salmon

* 

* 
* 

... 

... 

... ... 

UCDAVIS 



General Discussion

• Toxicity of Phos-Check is species specific 

• Importance of looking into sublethal effect: Behavioral effect were 
observed at concentration 200x lower than their LC50

• Active ingredient  = ammonia phosphate

• Changes in water parameters: pH

• Recent research highlight presence of metal



Future Directions

• Assess Chinook Salmon hatching success

• Test the difference in response between weathered and non-weathered in locomotion 

and anxiety at each concentration

• Non targeted analysis 

• Assess the toxicity on Chinook Salmon alevins.



Sublethal Toxicity on Fry Rainbow Trout

Cranial expansion in 
Rainbow trout increased 
with higher 
concentrations (ANOVA, 
p<0.01) but was not 
impacted by the 
weathering status of 
Phos-Check

Rainbow Trout - Morphology

p < 0.01

• Oregon State 
University 
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The Klamath Dams Fell, Now Let’s Get to Work Restoring Fire for the Fish!

Will Harling – Restoration Director 
Mid Klamath Watershed Council 
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Ikxariatuyiiship – Offield Mountain – 1890’s
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Red Cap Glade - 1944Red Cap Glade - 2005 Big Rock in Orleans, CA 
Looking up the Klamath River

• 1890: A.W. Ericson                     
 

2006: Frank Lake                     
 

Big Rock in Orleans, CA 
Looking up the Klamath River



1931 Fire Perimeters – Hoopa Valley – Indigenous Burning Patterns92 
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2023 – Greenler et al. Simulating Cultural Ignition 
Patterns in the Western Klamath Mountains 

[My father] said the fir trees were just startin’ to grow around here 
[in the 1870s]. because the Indians kept the villages and the sides of 
the hills so well burned. They were mostly just oak trees and they 
burned underneath them all the time. There was no brush. You 
could see half a mile underneath the trees….They just burned all the 
time, all their village sites and around up on the hillsides behind 
them. So that there was no danger of fire… and the elk and the 
deer would have something to eat. 
 – Mavis McCovey (born 1933)

Map areas with estimated high levels of Indigenous fire 
stewardship

- Villages

- Trails and traversable ridges

- ~ 7,000 cultural ignitions annually on a 600,000 
acre landscape. 



NF Salmon River After 1987 Fires



Sept 8, 2020 
Slater Fire – Happy Camp

Happy Camp

- 50 mph East wind with 3% humidity 
- Burned 120,000 acres in 24hrs (30 mi. x 9 mi.)
- Over 230 homes burned
- Three Deaths
- Indian Creek flows increase over 40%

2017 Oak Fire

2018 Natchez Fire



Grider Creek at Pacific Crest Trailhead 

Feb 2015 July 2015 Photos: Mark Motyka



Photo: Aja Conrad

2015 Steinacher Fire in 
Wooley Creek 

2013 Salmon River at Mouth of Crapo Creek



Somes Peak Looking Towards the Trinity Alps 







MKWC plays a major role in building a restoration-based economy in the Western Klamath Mountains.  We are results oriented and work 
through developed partnerships to plan and implement projects based on traditional cultural knowledge and the best available western science. 

Mid Klamath Watershed Council



Engaging with fire management agencies during 
wildfire events through the Community Liaison 
Program 

Firewise ProgramCommunity Liaison Program

Fire Safe CouncilsFire Adapted Communities/ Fire Learning Network











• Began facilitated workshops w US Fire Learning 
Network in Spring 2013. 

• Federal, State, Tribal, NGO, and local  participants. 

• Collaboratively identified planning area (1.6 million 
acres)  

• Goal: Restore “historic” (natural w people) fire 
regimes in the Western Klamath Mtns.

• Plan big while implementing smaller projects 
together to build trust. 

• ~ 70,000 project acres w NEPA/CEQA for RX Fire

WKRP Geographic Scope and Planning Area 
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Zones of Agreement

• Landscape scale restoration of fire processes is essential for social, cultural, ecological and economic resilience in the Western Klamath Mtns 

• Strategic, linear manual and mechanical treatments along existing roads and fuelbreaks in preparation for large scale prescribed burning

• Pre-treatment on and around private properties in preparation for large fuels tx on adjacent public and Tribal lands

• Prioritize treatment areas based on overlaying agreed upon spatial layers representing shared vaules





Klamath Prescribed Fire Training Exchange (TREX) 
and All Hands All Lands (AHAL) Burn Programs



TREX and AHAL: Building Local Resources



Photo: Stormy Staats

Photo: Frank Lake













Sarna et al 2024
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2014-2024 Klamath Prescribed Fire Training Exchange (TREX) Accomplishments 
• 4,000+ acres burned on 220+ properties in the WUI of eight communities
• 800+ participants from 70+ local, tribal, state, national and international organizations
• No escaped fires, no serious injuries, no litigation



Somes Bar Integrated Fire Management Project
Rogers RX Burn (130 Acres): June 22-28, 2023

• Tribally led ignitions
• FS Hotshot crew support
• Success despite adversity
• ~5,600 acres with NEPA clearance for RX 
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Western Klamath Restoration Partnership 
A Plan/or Restoring Fire Adapted Landscapes 

Including Descriptions of the: 
Somes Bar Integrated Fire Management Project 

Submitted lo: 
Patricia Grantham, Forest Supervisor, Klamath National Forest 

Principle Authors: 
Will Harling - Mid Klamath Watershed Council 

Bill Tripp - Karuk Tribe 

June 30, 20 14 

Special Thanks lo: 
Lynn Decker and Mary Huffman, US Fire Leaming Network 

Frank K. Lake, USFS Pacific Southwest Research Station 
Jill Beckmann, Karuk Tribe Department of Emergency Services 

Zeke Lunder and Paul Lackovic, Deer Creek GIS 
Max Creasy, Ecologi st 

l l Page 

~ ESTERN KLAMATH 
RESTORATION PARTNERSHIP 

The Slater Fire, September 8, 2020, encroaches on the town of Happy Camp, CA. Nearly 200 homes 
were lost as the fi re burned over 90,000 acres on this day alone. Photo: Will Harling. 

••••••••••••••••••••••••••• 

Post-Fire Management Recommendations 

April 2021 



2018-2030 Funding: $69 million 

• Collaborative Forest Landscape Restoration Program 
(CFLRP): $30 million over 10 years to restore fire 
process on 1.2 million acres.  

• Includes fire and fuels, invasive species, fish 
habitat, and meadow restoration treatments. 

• $12 million in FY2023 between the KNF, SRNF and 
Tribe in BIL/IRA funding.  

• $17 million from CAL FIRE FH to implement cultural 
and rx fire, and manual and mech thin.

• ~ $10 million from NFWF CA Forests for addressing 
bottlenecks in getting to scale. 
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Orleans Valley Recent Treatment History

Connecting fuelbreaks across 
Tribal, Federal and private 
lands. ,,,,/ 

Tracki 
Polygons 

urrent Year) 
Manual • 

Mechanical C=I 

Fire □ 

Cut/ Pile off Ridge/ Construct Handline - Ridge Buffer, Rx Fire 
Cut/ Pile off Road - Road Buffer, Rx Fire 
Cut/ Pile off Road or Trail - Access Buffer, Rx Fire 

• Cut/ Pile, Rx Fire 



Summer 2023: Multiple Rounds of Lighting Ignited Wildfires Across Northern CASalmon River and Surrounding Ares 2023-08--24 - srrc.org/Wlkfflre 
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Fire Progression 
2023 SRF Lightning Complex 

CA-S RF-000986 
10/09/2023 Day 

Marlow, Mosquito, Pearch, 
and Let er-Buck Fires 

Date 
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2023 SRF Lightning Complex – Community After Action Review (AAR)



2020 Slater Fire Footprint
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Code 

R-1 CFB Constructed alcove/entrance to pond connection in relic channel 

R-2 CFB Constructed connection channel t>etween pond and R- 1 CF 

R-3 CFB Enhance existing mining pits as off-channel ponds 

R-4 CFB Constructed connection channel between ponds in relic channel 

R-5 CFB Constructed connection channel between ponds in relic channel 

R-6 CFB Constructed connection channel between ponds in relic channel 

R-7 CFB Constructed connection channel between ponds in relic channel 

R-8 CFB Constructed connection channel between ponds in relic channel 

R-9 CFB Constructed inundation surface/infiltration gallery in relic 

{PHASE 2) channel Activity Areas 

R~;:~ Constructed connection channel between ponds in relic channel ,1-_Co_d_e ____ Me_a_n_ing~-----< 
IC In-channel 

(
R~;;~) Installation of bottom-less arch under HWY 96 R Riverine/Off-Channel 

U Uplard 
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West Fork Beaver Creek Heliwood Loading Project



West Fork Beaver Creek Helicopter Wood Loading Project



East Fork Elk Creek Fish Passage

Mid-Klamath Watershed Council 
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Elk Creek Barrier Removal --
Concept Plan and Profile 1 



East Fork Elk Creek Fish Passage

Summer 2024Winter 2025



Middle Creek Off-Channel Coho Habitat Enhancement



Red Cap at Schnable Bar Phase I and II



Lower Beaver Creek  Aquatic Habitat Restoration Project









2025 Project Work

• Seiad at Panther Gulch – Channel Restoration
• Horse Creek at Fish Gulch – Channel Restoration
• Mill Creek on Indian Creek – Wood Loading
• Doolittle Creek on Indian Creek – Accelerated Wood Loading
• Thompson Creek – Off Channel Pond/Rx Fire
• Middle Creek – OCP/Channel Restoration
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June 2024 – Cooley Ranch Burn



U.S. Annual Cumulative Smoke Exposure: 2006-2024

Weaverville
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Big Bar
Junction City
Douglas City

Salyer

Orleans
Happy Camp

Hayfork
Lewiston
Mammoth Lakes
Burnt Ranch
Platina

Somes Bar

Trinity Center
French Gulch

Marshall Burke
Associate professor, Doerr School of Sustainability | Center on Food Security and the Environment
Stanford University
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Next Steps for Beneficial Fire in the Klamath Mtns

• Implement landscape scale beneficial fire  (wildfire and Rx) focused around communities as opportunities arise. 
• GET FIRE BACK INTO RECENT WILDFIRE FOOTPRINTS! Rebuild the fire on fire mosaic. And adjacent to fire footprints
• Prepare for ceremonial fire on Ikxariatuuyship (Offield Mtn) – Ikxaryiatuuyship Project (9,000+ acres)



Instream Restoration for Post-
Wildfire Sediment Capture

Karen Pope, Adam Cummings, Kate Wilcox, 
Jordin Jacobs, Joe Wagenbrenner, David Dralle
USDA Forest Service, Pacific Southwest 
Research Station





Riparian meadows are hotspots for post-fire 
sediment capture 

).Ii. Moody et al. I Earlh-Science Reviews 122 (2013) 10-37 



But not if they are degraded!

Wood bridge 
instead of 
dam
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The old perspective: 
“Crooked streams are 
a menace to life… “

• “straightening out a stream has doubled its 
capacity for disposing of run-off water.”

• “DuPont Dynamite has straightened many 
thousands of miles of crooked streams.”

• “Do it yourself. All their data is in a 48-page 
book, Ditching with Dynamite”
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And altered upland forest hydrology

Time Time
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Burned 
catchment

Unburned 
catchment

Roads

No roads

Wildfire: Scott 1997; Moody et al. 2008; Leopardi & Scorzini 2015; Kean et al. 2016; Havel et al. 2018; Srivastava et al. 2018; Williams et al. 2022. Roads: Wemple & 
Jones, 2003; Dymond et al. 2014; Wemple et al. 2016; Surfleet & Marks 2021. 



Human-moderated meadow evolution, last 150 years



Human-moderated meadow evolution, next 50 years
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Reset the baseline of 
meadows

• Discover where and how frequently 
meadows historically occurred.

• Ignore unique vegetative 
characteristics of meadows. 

• Use a publicly available dataset of 
over 11,000 hand-digitized meadow 
polygons

• Model area = 60 HUC10s from Tahoe 
NF to Sequoia NF

• Model resolution = 10-m pixel
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What is a lost meadow?

Existing meadow: Wide, flat 
floodplain where water 
accumulates. Expect shallow 
channels, high groundwater 
elevation, and predominantly 
graminoids and forbs.

Model-predicted potential 
meadow: Wide, flat floodplain where 
water accumulates. Expect deeper 
channels, lower groundwater 
elevation and predominantly shrubs 
and trees.

Not predicted as meadow: 
Confined channel without a 
flat floodplain.



Cummings, Pope & Mak. 2023. Landscape Ecology

Tapped the power of machine learning
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Opportunities for restoration: Likely >3x more meadow area historically

0 1km A D Hand-digitized Meadows 
D Predicted Meadows 



Imagine the possibilities!

Existing mapped meadows
Predicted meadows



If we work at scale, potential for meadow restoration to affect 
fire behavior.

Fire modelling by Ryan Conway and Nick Povak, USFS PSW 
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Can we apply low-tech, 
nature-based 

restoration approaches 
to increase scale?

• Use locally sourced materials (wood, rock, sod) to add 
structure to initiate hydrological and biological processes. 

• Work with the system (e.g., stream energy to deliver 
sediment, plant roots to lock in the sediment, beavers to 
develop complexity and storage).

• Apply a conscious effort to use cost-effective, minimal 
disturbance treatments (such as beaver dam analogs).

• Engage with local communities.



Experiment to test 
effects of low-tech 
process-based 
restoration in burned 
and unburned forests

• Six meadows in the Plumas and Sierra National Forests

• Compared burned and unburned and treated vs. untreated

• Joined forces with Cal Poly Humboldt and Fresno State

• 2021-2025
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What is success?

• Increase surface water retention 
and complexity

• Raise groundwater elevation
• Capture sediment
• Increase wet meadow vegetation 

area and productivity



Rapid and persistent hydrological response following restoration
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Modeled post-fire vegetation recovery in 
degraded meadows
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Fire presents an opportunity to rapidly gain or 
loose meadowlands

Degraded, 
unburned

Degraded, 
burned

Meadow 
Wetland Rating 

Dry Mesic Wet 



Key Takeaways

• It is easy to forget what we’ve lost.
• Resetting the baseline presents opportunities for 

landscape scale restoration efforts.
• Low-tech process-based restoration can rapidly 

increase groundwater storage and activate channel 
aggradation, especially in burned landscapes.

• Without restoration, fire rapidly converts meadow 
vegetation to dry-adapted communities.

• Imperative to ramp up restoration efforts.



Park Fire
Big Chico Creek, August 24th, 2024

Park Fire slides from Wolfy Rougle and Faith Churchill, Butte County RCD



Approach to Restoration

Increase Ground Cover
● >45% ground cover reduces erosion by 75%
● Contour felling trees, broadcasting chips/slash 

Improve Roads
● Replace burned culverts
● Armor critical dips
● Clean out ditches

Capture Sediment in the Creeks
● Process-Based Restoration approach
● Rock-Log Hybrid Leaky Weir

Photo: Jason Halley, CSU Chico ~ 
~I~.9,0~ RC E 
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Built!  1,783 structures. Work took place 9/30 - 1/9I I 

~ 
RESOURCE 
CONSERVATION DISTRICT 

BUTTE COUNTY 



Collaboration

○ Big Chico Creek Ecological Reserve
○ Butte County RCD
○ City of Chico
○ Higgins Ridge Neighborhood
○ Mechoopda Indian Tribe
○ California Department of Fish & Wildlife
○ U.S. Fish and Wildlife Service
○ U.S. Army Corp of Engineers

○ Butte County Fire Safe Council
○ Cal Fire
○ USDA - PSW Research Station
○ California Conservation Corps
○ Mooretown Rancheria
○ Central Valley RWQCB
○ Symbiotic Restoration
○ StreamWise

Incredible partnerships…

and the financial support of Sierra Nevada Brewery, CSU-Chico, Prop 68 funds from the CCC, Vina 
Groundwater Sustainability Agency, and many generous small donors to BCCER 

Total implementation cost:   $511,000
RESOURCE 
CONSERVATION DISTRICT 

BUTTE COUNTY 



Nearly 60,000 cubic feet of sediment 
captured to date!

Photos: Jason Halley, CSU Chico
RESOURCE 
CONSERVATION DISTRICT 

BUTTE COUNTY 



Conclusions & Implications

• Time to act, not just stare into the abyss
• Requires:

• Teamwork,
• creativity, 
• understanding of natural processes, 
• hard work, 
• optimism in the healing potential of nature

• Imperative to build strong collaboration 
across disciplines and communities



Collaborators/Colleagues

Join the fun!

Additional Materials

Scientific Manuscript describing the model:
Cummings, Adam K., Karen L. Pope, and Gilbert Mak.
"Resetting the baseline: using machine learning to find 
lost meadows." Landscape Ecology 

Scientific Manuscript describing applications of the model:
Pope, Karen L., and Adam K. Cummings. "Recovering the lost potential 
of meadows to help mitigate challenges facing California’s forests and 
water supply." California Fish and Wildlife Journal.

A 2 hour recorded workshop that describes the Lost Meadows 
Model, how to access the data, and example applications.CalPBR.org

klamathmeadows.org

sierrameadows.org

ORISE Fellows: Kate Wilcox, Jordin Jacobs, 
Matt Berry
Cal Poly Humboldt: Margaret Lang, Emma 
Sevier, Christa Meingast
Fresno State
Kevin Swift 
Swift Water Design Crew
Sierra NF, Plumas NF

The Sierra 
Meadows 
Partnership 



Bringing beneficial fire 
into the restoration toolbox

Lenya Quinn-Davidson
UC Agriculture and Natural Resources



• Fuels reduction 
• Invasive species control
• Habitat restoration and 

maintenance
• Forest resilience
• Cultural resources
• Training/inspiring
• Community building
• Much more…

Photo by Henri Holbrook

Why burn…?



Photo by Will Harling

Cultural Fire Management Council 

Who gets to burn…?



Photo by Will Harling

Cultural Fire Management Council 

• Not a priority or even a conversation
• Unclear laws and permitting
• <5 private burn bosses statewide
• Almost no training opportunities for 

non-agency practitioners
• Paralyzing liability concerns
• Little to no insurance options
• No formal recognition, support, or 

protections for cultural practitioners
• “the public doesn’t support 

prescribed fire”

Not long ago in California…

Photo by Lenya Quinn-Davidson



HEALTHY FORE:SIS 

orthern California 
Prescribed Fire Council 

norcalrxfirecouncil.org 



Cultural Fire Management Council 

Don Hankins Margo Robbins Karuk WTREX



Photo by Henri Holbrook

Photo by Miller Bailey

Photo by Lenya Quinn-Davidson

Prescribed Burn 
Associations (PBAs)
From 0 to 32 since 2017!



California PBAs
• Grassroots, community-led 

movement
• Everyone is welcome
• Prescribed fire doesn’t need to 

be expensive or overly 
bureaucratic…

• …but it should be fun, and it 
should involve food and drink!

Susie Kocher 
@UCsierraforest 

••• 

"How do you prescribe burn a million 
acres in California? With a million 
landowners." Chris Paulus Rx Fire 
Academy workshop today. 





Photo by Henri Holbrook

Photo by Lenya Quinn-Davidson

CA state-certified 
burn boss (CARX)

SB1260, Jackson 2018

I 



Photo by Henri Holbrook

Photo by Lenya Quinn-Davidson

CA state-certified 
burn boss (CARX)

SB1260, Jackson 2018

Gross negligence 
liability standard

SB332, Dodd 2021

I 



Photo by Henri Holbrook

Photo by Lenya Quinn-Davidson

CA state-certified 
burn boss (CARX)

SB1260, Jackson 2018

Gross negligence 
liability standard

SB332, Dodd 2021

Prescribed Fire 
Claims Fund

SB926, Dodd 2022

I 



Photo by Henri Holbrook

Photo by Lenya Quinn-Davidson

CA state-certified 
burn boss (CARX)

SB1260, Jackson 2018

Gross negligence 
liability standard

SB332, Dodd 2021

Prescribed Fire 
Claims Fund

SB926, Dodd 2022

Private insurance for 
Rx fire and cultural 

burning
2024

I 



Photo by Henri Holbrook

Photo by Lenya Quinn-Davidson

CA state-certified 
burn boss (CARX)

SB1260, Jackson 2018

Gross negligence 
liability standard

SB332, Dodd 2021

Prescribed Fire 
Claims Fund

SB926, Dodd 2022

Private insurance for 
Rx fire and cultural 

burning
2024

Potential for Tribal 
authority over 

permitting
SB310, Dodd 2024

I 



Photo by Will Harling

Cultural Fire Management Council 

• Not a priority or even a conversation
• Unclear laws and permitting
• <5 private burn bosses statewide
• Almost no training opportunities for 

non-agency practitioners
• Paralyzing liability concerns
• Little to no insurance options
• No formal recognition, support, or 

protections for cultural practitioners
• “the public doesn’t support 

prescribed fire”

Not long ago in California…



Where to start?

-



• Local PBAs 
(www.calpba.org)

• Partnerships with Tribes 
and cultural 
organizations (TERA, 
CFMC)

• Other NGOs (WRTC, 
MKWC, ACR)

Resources &
training



Resources &
training

• Private burn bosses 
(55+ in CA)

• UC ANR Fire Network

• Prescribed Fire Training 
Exchanges (TREX)



• Burn permit compliance = due diligence
• Gross negligence for fire suppression costs
• $2 million coverage through Claims Fund for 

projects led by burn boss or cultural 
practitioner

• Private insurance available on top of Claims 
Fund 

• Partnership with CAL FIRE and other 
agencies

What about liability?



My Fire Truths



Fire is a 
human right



Fire is free



Between 2019-2024, 
California PBAs implemented 460 

broadcast burns with 
no escapes and no damages

(Quinn-Davidson and Wara, 
unpublished data)

Fire is safe

Photo by Zeke Lunder

Photo by Miller Bailey



Fire is 
connected to 

everything



Fire is beautiful



Fire is joyous!

Photo by Ben Wheeler



PBR needs PBAs!



Thank you!

Lenya Quinn-Davidson
UC ANR Fire Network Director

lquinndavidson@ucanr.edu

mailto:lquinndavidson@ucanr.edu
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