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Ball et al. 2021

Total stream length affected 
by fire
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o Basic fire ecology (fire scars  fire return interval).  5-15 yr 
FRI

o We can expect more fire. We are going to see fire burning, 
the choice is what kind of fire do you want to get. 

o Carl’s intro to fish: Deer Creek and Mill Creek were most 
frequently burned watersheds in Sierra Nevada Ecosystem 
study area, but also had the most intact fish and 
amphibian faunas, still governed by natural processes” 
(Moyle)



2015 Shiel Fire

Historically fires ~5-50 acres all 
low severity 

Today’s fires ~ 50k–200k acres, 
mixed, but much higher severity

Fire suppression = deficit of fire less 
vegetation burned…  so in turn forests 
more dense  fuel buildup/more and 
higher severity wildfire.



 Fire can have complex effects 
on aquatic ecosystems and fish

 Fires influence fish via multiple 
physical and biological 
pathways

Whole-ecosystem approaches 
needed to synthesize pathways 
and identify driving 
mechanisms

10
Illustration by Cecil Howell



Fire comes with both “good and bad”, but Gordie 
would argue a lot of good processes outweigh 
the bad. 

Ecosystems are not static, particularly aquatic. 
Fish populations have persisted for millennia 
in fire prone landscapes. 

Looking at the entirety of the salmonid life history 
stages, the overall post fire responses are positive 
for fish. 
 Primary production is up, woody debris is 

up, fish production (growth) is up, overall 
fish abundance numbers often go up (cites 
3 studies) 

We should use fire as a restoration tool.



The bad fire example: homes burned, caused 
fish kills, several people even died. 

Hottest day of the year, fast moving (30,000 
acres in 8 hours). Burned into old fire footprint 
and plantations on decomposed granite. 5-10 
inches of rain in just a few hours.

Dozens of debris flows  1,000 ntu turbidity 
(aeration goes away, even eerie sounds like 
gurgling rather than bubbling or roaring 
whitewater). 

DO was at 0 for 2 hours which killed 
everything (nit just a single species like 
disease does) so dace, lamprey, crayfish, and 
thousands of adult Klamath small scale 
suckers. 

 At the same time, the sediment and wood 
fire inputs are causing good changes 
such as large geomorphic changes to the 
river 

 Streams that were intermittent before are 
now flowing year round and have good 
fish habitat. 



• Stream flow

• Stream temperature 

• BMI changes

• Wood

• Spawning gravels 

• Juvenile production 

• Recent fire = best 
protection against future 
fire 2020 August Complex Fires



Dense forests (10x as much more forest 
biomass than 100 years ago)

Burning creates more open spaces, less 
biomass, less transpiration (less pulling of 
water from the ground and evaporating it) 

2020 August Complex - Forest Glen (SFTR) 
~ 30% cfs flow improvement

Toz Soto (Indian Creek post slater fire 
increase 42% overnight)



Fall 2021 - Monument Fire
Storage and Forbearance Project

50% more streamflow!



Eli Asarian
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2008 Miners Fire – Bear Creek

- Large wood inputs

- Spawning gravels

- Raised groundwater
table



Catastrophic Fire?

- Large wood inputs

- BMI production
increases

- Juvenile growth and
production increases



August Complex  - input massive volumes of wood (burned, mass wasting). (Photo Aaron Martin)



August Complex – South Fork Trinity River



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



Suppression 
impacts

Photos from 
Josh Smith, Watershed 

Research and Training Center





Photo by 
Holly Swan, Cal Trout 





Toxicity of fire retardant often tested on juvenile rainbow trout

Cranial expansion in 
Rainbow trout 
increased with higher 
concentrations

• Active ingredient  = ammonia phosphate. See changes in water pH. 
Recent research highlight presence of metals.

• Toxicity of Phos-Check is species specific, Rainbow trout embryos 

are more sensitive to fire retardant than Chinook Salmon

• Toxicity:  weathered Phos-Chek is more toxic than non-weathered 

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

• Surprising 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. 
 

Louise Cominassi 
UC Davis 



It’s clear that things need 
to change…

But how?



Bringing beneficial fire 
into the restoration toolbox

Lenya Quinn-Davidson
UC Agriculture and Natural Resources
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The Potential of Ecological Remediation 
for Post-Fire Soil Cleanup





•Levels of heavy metals spiked in L.A.’s coastal
waters after the January fires
•Beryllium, copper, chromium, nickel and lead
were found in concentrations well above
established safety thresholds for marine life



Soil changes after high-severity fires

●Low nutrient content (esp. N and P)
●Low organic matter
●Reduced soil structure
●Low water and nutrient retention
●Reduced plant & microbial diversity

– dominated by early successional
fungi and plants

• Increased soil erosion (and
dust)

• Elevated heavy metal and
other contaminants

• Increased hydrophobicity and
water runoff

• Increased soil exposures and
temperatures



Healthy soil is like a sponge 

Fungal mycelium weaves soil and 
plant roots together!



Common Post-Fire Contaminants
• lead (Pb), arsenic (As), mercury (Hg), hexavalent chromium (CrVI)
Metals

• benzene, formaldehyde, acetone, etc.
Volatile Organic Compounds (VOCs)

• nitroaromatics, PCBs PAHs, phthalates
Semi-volatile Organic Compounds (SVOCs)

Dioxins and furans 

• gasoline-range (GRO)
• diesel-range (DRO)
• Oil Range Organics (ORO)
• total petroleum hydrocarbons (TPH)

Petroleum hydrocarbons

• PFOS, PFOA
Per- and polyfluoroalkyl substances (PFAS) 

Asbestos 



Most contaminated sites after WUI fires have 
mixtures of metals and organic contaminants

Inorganic contaminants  
• Cannot biodegrade
• Heavy metals (lead, arsenic,

hexavalent chromium), asbestos
• Difficult to remediate – can only

be moved around or immobilized

Diesel 

Organic contaminants
• Carbon-based
• SVOCs, VOCs, dioxins,

petroleum hydrocarbons,
PFAS

• Some may be degraded
through microbial
metabolism



Wildfires can turn harmless 
elements in soils into 
contaminants, research shows



Controls over 
chromium mobility 

Reduction leads to immobilization and oxidation leads to mobilization 



Remediation:
 the cleanup of hazardous substances 
(i.e., contaminants / pollution) in the 
environment via their removal, treatment 
and/or containment



Needs monitoring and maintenance, impermanent 



DIG

DUMP 
> ½ million tons per year



“away”

  = 

in other 
communities 

56% is shipped out of state for disposal

Source: DTSC 2023, accessed at https://dtsc.ca.gov/wp-content/uploads/sites/31/2023/07/Hazardous-Waste-Management-Report_Section-
3_accessible.pdf 
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This releases 
a lot of 
greenhouse 
gas emissions

Amponsah, N. et al (2018), Journal of Cleaner Production, Volume 186, https://doi.org/10.1016/j.jclepro.2018.03.164. 

https://doi.org/10.1016/j.jclepro.2018.03.164


What are other soil remediation 
and waste management 
options that are more cost 
effective, environmentally–
sound and actually address 
the pollution?



Biological remediation (aka bioremediation) 
is an alternative remediation method that works with living 

organisms to cleanup environmental pollution.
•can be done in situ, reducing or removing need for soil excavation

•50-90% cost savings compared to dig and dump
•increases biodiversity

•repairs soil on site
•Reduces carbon emissions associated with remediation



PLANTS 
Phytoremediation

FUNGI
 Mycoremediation

BACTERIA 
Microbial 
remediation

BIO
REMEDIATION



Types of Phytoremediation for metals 

Phytostabilization 

Phytoextraction 



Fungi are biogeochemists 

• Biosorption
• Metals bind to fungal

cell walls
• Biomineralization

• Formation of stable
mineral complexes
(e.g., oxalates,
phosphates)

• Redox
transformations

• Cr(VI) → Cr(III)

Chelation via organic acids
Oxalic acid mobilizes → then re-precipitates 
metals

Soil aggregation
Physically stabilizes minerals in 
microaggregates



Arbuscular mycorrhizal fungi (AMF) 
help plants grow and may help them 
extract more metals and enhance 
phytoremediation success

Smith and Read, 1996 Allen, M. Mycorrhizal Ecology, 2021

Other fungi who are decomposers have 
been found to be able to break down 
complex, organic contaminants such as 
PAH’s, diesel and more. 

Thomas et al, 1998. Mycoremediation of Aged 
Petroleum Hydrocarbons in Soil. 



• wildfire led to large reductions in all fungal guilds:
• EMF decreased by 68%
• pathogens by 71%
• saprobes by 86%
• AMF by 98%

• in burned compared to unburned plots
• 1 year was insufficient for any guild to return to unburned levels



What 
actually 
happens in 
nature?

Metals 
are elements

Organic 
contaminants are 
carbon-based 

Arbuscular 
mycorrhizal 
fungi help 
plants take up 
elements

Beneficial 
decomposer fungi 
break down complex 
carbon

Plant 
uptake of 
metals 

Bacteria and secondary 
decomposer fungi continue 
decomposition of simpler 
carbon-based chemicals 

**Individually, none of these would address mixed metal and organic contaminants but together they do 



Principles of Ecological Remediation

Mimic Succession
→ Starting the process often enables natural regeneration.

Diversity = Resilience
→ Addresses multiple contaminants while restoring ecosystem function and long-term stability.

Waste as Resource
→ Diverts materials from landfills and supports circular systems.

Bioregional Approaches
→ No invasive species are used.

Keystone Remediation Species
→ Enables effective and complete cleanup.



What did we learn in our LA-
based studies? 

Towards an Ecological Approach to Soil Remediation





Southern California 
native plants

Native plants are an under recognized potential 
remediation tool because they are already adapted to 
drought/arid conditions of SoCal and they have deep roots! 

Kirschner, 2021



California 
native plant 
metal 
accumulators 
identified 

https://www.sciencedirect.com/science/article/pii/S0048969725019977?via%3Dihub 

https://www.sciencedirect.com/science/article/pii/S0048969725019977?via%3Dihub


The most 
contaminated 
sites had the 

lowest 
arbuscular 
mycorrhizal 

fungal 
spore counts 
and diversity. 

Debneth, A. et al, 2015. 



Field Testing of Myco-
phytoremediation of 
Contaminated Sites in 
LA County

Environmental Toxicology
Soil Biogeochemistry Group 



LA Ecovillage – Songs 

• Lead
• Arsenic
• PAH’s and diesel

  Future park 

Taylor Yard – G2 parcel

• Lead
• Copper
• Cadmium
• PAHs and diesel

Future urban garden and 
community space  / housing

Future green space, housing, 
shopping and community centre 



Different ways to myco- or bioremediate 



Natural 
attenuation 

Biostimulation Biaugmentation Plant-fungal 
interactions

Ecoremediation treatments tested over 12 months 

Novel, Native Plant 
Metal Extractors 

Proven, Non-native 
Metal Extractor

Various fungal inocula: 
• Indigenous fungi only
• Commercial AMF inoculum
• Decomposer fungus spent

blocks
• Both decomposer and AMF

inoculum

With and without irrigation 

Native decomposer 
fungus as spent blocks 
from mushroom farm 
(Smallhold)

Commercial AMF 
inoculum 

• Endogenous
AMF only (no
inoculum + plants)

• Endogenous
decomposer fungi
only (wood chips
and irrigation)

• controls with no
treatments

+ 6 replicates
/treatment

combination
per site 

X 3 sites 

= 552 plots



Plants and fungi together reduced soil metal 
concentrations significantly in 12 months



AMF inoculation 
increased plant 
survival and biomass 

p = 0.0543 



Arbuscular mycorrhizal fungi
was the most significant 
contributor to plant metal 
removal from soil  



The level of AMF root 
colonization was the 
most significant predictor 
of plant accumulation for 
lead, arsenic and 
chromium 

(p = <1e-05) 

0 = none 
level 1= trace, 1-10% 
level 2= 11-50%
level 3 = >50 % 



99.75% average 
reduction in all 
hydrocarbons with P. 
ostreatus  



p = 2.2e-16 



High Cr, drought 
condition, no / trace AMF 

High Cr, drought 
condition, high AMF root 
growth

AMF increased plant biomass and height in the presence of 
Cr, Cr(VI), and drought stress



When you mimic nature…

BEFORE AFTER



Remediation & regeneration happens 

BEFORE AFTER





Byproducts (mushrooms, plants, etc.) of remediation efforts 
are hazardous waste and need to be tested, and plan for 
where you’ll contain them or dispose of them!  



All byproducts of the myco-
phytoremediation study (plant 

biomass and fungi) were collected 
and used to test making:

myco-materials biofuel 



Soil repair possible with bioremediation

●increase available nutrients
●increase organic matter
●increase microbial biomass
●improve poor soil structure
●improve water retention
●restore plant and microbial

diversity

• prevent soil erosion (and
dust formation)

• Treat heavy metal (lead,
arsenic) and other
contaminants

• Reduce water runoff
• Protect soil from high

temperatures



Value Metrics

26 x soil carbon storage  
40 x biodiversity increase 
60% vegetation recovery at 12 months
circular outputs rather than waste

10x lower CO2 emissions per acre 
50% cost savings 



How can these methods be applied to 
remediate fire-impacted sites?





CAER is carrying out large-scale ecological 
remediation on fire-contaminated public & 

private sites in LA County

• 4 parks, including Eaton Canyon and parks in the Palisades
• 50 residential sites for high-need families with young children





Bioremediation Workforce 
Development 

• Bioremediation Certificate Program
• Communities impacted by widespread

contamination

–75 have completed the certificate

• LASD high school students

–50 youth have completed the certificate

• The program is a mix of theory and hands-on
experiential learning and connects participants to
support bioremediation research in Los Angeles area.







Corenewal’s 
Post-Fire 
Studies 



https://www.fenixsfungi.com/pfmi-tool-and-
methods 

https://www.fenixsfungi.com/pfmi-tool-and-methods
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Integrating process-based restoration into 
post-fire emergency response efforts

2026 Salmonid Restoration Conference
Fire and Fish Workshop

Gabrielle Bohlman, US Forest Service
Region 5 Ecology Program

Credit: R. Wignall Credit: Butte County Resource Conservation District Credit: J. Petreshen



What is  low-tech process-based restoration (LTPBR)? 

• A practice of using locally sourced
materials (e.g., wood, rock, sod) to
add structure and initiate key
hydrological and biological
processes.

• Focus on working with the system,
allowing stream energy to deliver
sediment, and plant roots to lock in
that sediment.

• Apply a conscious effort to use cost-
effective, minimal disturbance
treatments, allowing for efficiently
scaling-up restoration efforts and to
encourage a self-sustaining,
dynamic ecosystem

Citation: Wheaton J.M., Bennett S.N., Bouwes, N., Maestas J.D. and Shahverdian S.M. (Editors). 2019. Low-Tech Process-Based Restoration of Riverscapes: Design Manual. Version 1.0. Utah State 
University Restoration Consortium. Logan, UT. Available at: http://lowtechpbr.restoration.usu.edu/manual



Ecological 
Benefits  of 

LTPBR

- Improves ecosystem function
- Water retention
- Water quality
- Sediment capture
- Soil formation
- Carbon sequestration

- Increases biodiversity
- Add complexity
- Increase extent and 

productivity of riparian and 
wetland habitat for sensitive 
species

- Increases ecological resilience
- Mitigate effects of climate 

change
- Provide fire refugia
- Mitigate effects of fire Ciotti et al. 2021



Deep connection between fire and riverscapes.

Fire provides periodic pulses of sediment and wood key for system 
complexity

Fire can help maintain or even increase stream flows by modifying 
upslope vegetation

Smoke from fire can cool water temperatures when conditions are right

[insert pic of good fire]



Fire has become a major ecological disturbance.

Erosion due to high-intensity rainfall event after severe fire. Credit: Klamath National Forest

While still a critical ecological process…

Deep connection between fire and riverscapes.

Fish kill in the Klamath. Credit: Karuk Tribe (Curtis et al. 2025)



4 main phases of post-fire response on NFS lands:

Fire Suppression 
Damage Repair

Burned Area 
Emergency 

Response (BAER)

Burned Area 
Rehabilitation 

(BAR)

Long-Term 
Recovery and 

Restoration

During and 
immediately after

Timing
Within 1 year, 

before the first 
major storms

Within 3 years 3-5+ years

Repair damage 
from suppression 

activities

Emergency 
stabilization to 

protect from post-
wildfire events

Repair damage 
from the wildfire 

itself

Accelerate 
recovery of 
vegetation

Objective

Implementor
Resource Advisors 

and Incident 
Management Team

BAER teams and 
local staffing Local staffing Local staffing

Funding Type Fire operations 
(suppression)

Fire operations 
(emergency 

stabilization)

Bipartisan 
Infrastructure Law 

(BIL) thru FY26
Regular program



4 main phases of post-fire response on NFS lands:

Fire Suppression 
Damage Repair

Burned Area 
Emergency Response 

(BAER)

Burned Area 
Rehabilitation 

(BAR)

Long-Term 
Recovery and 

Restoration

Consider 
opportunities to set 
the stage for LTPBR

Highest priority 
locations to address 

immediate threats

Expand off and 
maintain initial 

structures

Monitor and maintain 
structures, consider 

additional restoration 
opportunities

Look for opportunities throughout all phases Current pathway



Burned Area Emergency Response (BAER)

Step 1: Identify critical values present on FS lands. 

• Human life and safety – FS visitors,
employees

• Infrastructure - roads, trails,
campgrounds

• Critical cultural resources – sites
potentially eligible for the National
Register of Historic Places, Traditional
Cultural Properties, sacred sites

• Critical natural resources – high value
soil and water, critical T&E habitat,
native plant communities



Burned Area Emergency Response (BAER)

Step 2: Identify and assess imminent post-wildfire threats to those values.

Biggest concerns are often: erosion, flooding, and debris flows

National Weather Service Post Wildfire Flash Flood and Debris Flow Guide - Graphics from Raoul Rañoa 



Burned Area Emergency Response (BAER)

Step 2: Identify and assess imminent post-wildfire threats to those values.

Each BAER critical value and threat combination is evaluated for risk.

Probability of 
Damage or Loss

Magnitude of Consequences 
Major

(Life loss, substantial/irreversible damage)
Moderate

(Injury of life, long-term resource effects)
Minor

(no injury, recoverable loss)

RISK
Very Likely  (>90%) Very High Very High Low

Likely (50-90%) Very High High Low

Possible (10-50%) High Intermediate Low

Unlikely (<10%) Intermediate Low Very Low

Risk assessment provides justification for use of emergency funding authority under BAER.



 Proven effective

 Require minimal action

 Reduce risk in first year to acceptable

 Cost is economically justified

 Can be completed before damage is
expected

Burned Area Emergency Response (BAER)

Step 3: Select treatments to manage unacceptable risks.

Treatments need to be: 



So how does low-tech process-
based restoration fit in?



Some LTPBR-type approaches are already included.

Check dams to trap sediment 
and slow water velocities. 

In-channel tree felling to 
maintain channel stability 
and provide fish habitat.

Grade stabilizers to prevent 
channel incising and 

downcutting.

But the methods approved for BAER are limited and often 
considered to be ineffective at reducing risk to an acceptable level.



USING LTPBR TO CATCH POST-FIRE SEDIMENT

2024 PARK FIRE
Resource Conservation District, Butte County

 Burned 75% of the Big
Chico Creek watershed

 Big Chico Creek is an
eastern tributary to the
Sacramento River

 Important anadromous
fish habitat

 Highly valued spring-run
Chinook salmon
population

Photo credit: FishBio

Partners: Big Chico Creek Ecological Reserve, California 
Conservation Corps, Mooretown Rancheria, 

Streamwise, Symbiotic Restoration (trainers), 
Mechoopda Indian Tribe (cultural monitoring)



USING LTPBR TO CATCH POST-FIRE SEDIMENT

2024 PARK FIRE
Resource Conservation District, Butte County

1,783 total structures 
built in ~3 months

Approx. 60,000 cubic feet 
of sediment captured

Partners: Big Chico Creek Ecological Reserve, California 
Conservation Corps, Mooretown Rancheria, 

Streamwise, Symbiotic Restoration (trainers), 
Mechoopda Indian Tribe (cultural monitoring)

Photo credit: Jason Halley, CSU Chico



2024 PARK FIRE
Resource Conservation District, Butte County

USING LTPBR TO CATCH POST-FIRE SEDIMENT
Partners: Big Chico Creek Ecological Reserve, California 

Conservation Corps, Mooretown Rancheria, 
Streamwise, Symbiotic Restoration (trainers), 
Mechoopda Indian Tribe (cultural monitoring)

Red arrow = weir

Structures capturing sediment and quickly becoming part of the system.



2022 MCKINNEY FIRE
Yurok Tribe and Mid-Klamath Watershed Council

Map of affected tributaries and location of LTPBR project in upper McKinney Creek

 Private lands
adjacent to
Forest Service &
private timber

 Upper McKinney
Creek

 4 miles upstream
from Klamath
River

 Located above
anadromy

Project property overview. 
Map by J. Petreshen, Yurok Tribe.

USING LTPBR TO CATCH POST-FIRE SEDIMENT



2022 MCKINNEY FIRE
Yurok Tribe and Mid-Klamath Watershed Council

Drone image of incising gully. Photo by MKWC.

14-foot head cut at the top of incising gully,
near property boundary. Photo by J.

Petreshen

Goals

- Capture sediment,
reconnect floodplains

- Rebuild channel bed
elevations

- Stop incision from
propagating upstream

- Stabilize gully & head cut

- Accelerate recruitment
of standing dead trees

USING LTPBR TO CATCH POST-FIRE SEDIMENT



2022 MCKINNEY FIRE
Yurok Tribe and Mid-Klamath Watershed Council

USING LTPBR TO CATCH POST-FIRE SEDIMENT

Before/After head-
cut stabilization in 

incising gully

Immediate results with impressive sediment capture

Photos by J. Petreshen



2022 MCKINNEY FIRE
Yurok Tribe and Mid-Klamath Watershed Council

USING LTPBR TO CATCH POST-FIRE SEDIMENT

Before After Before After

Sites will continue to be monitored – important to learn from them.

Photos by J. Petreshen



The opportunities for integrating PBR 
approaches are there.

The effectiveness of capturing sediment 
is apparent.

So why aren’t we using these approaches 
as treatments in BAER more?



ATTEMPTS TO INCLUDE LTPBR IN BAER

2022 MCKINNEY FIRE
Klamath National Forest

But still need to assess additional risk to resources 
and to determine how to mitigate future impacts

Initial debris flows were not preventable in that immediate 
post-fire environment



ATTEMPTS TO INCLUDE LTPBR IN BAER

2022 MCKINNEY FIRE
Klamath National Forest

BAER Team Assessment:
- Approx. 57 miles of Coho Critical Habitat

and 76 miles of total fish habitat affected

- For risk analysis, if impacts were expected
to affect:

- 1 generation of fish were minor
- 3 to 5 generations were moderate
- >5 generations were major.

- “Very High” risk for impacts on listed T&E
fisheries



ATTEMPTS TO INCLUDE LTPBR IN BAER

2022 MCKINNEY FIRE
Klamath National Forest

BAER request:
- Large wood placement as treatment to stabilize banks and

protect against further damage to Coho CH.

- Objectives:
- Reduce rates of sediment transport during subsequent

storm events
- Capture debris and sediment during higher flows later in

the year.

- Noted that efficacy of treatment relies on treating tributaries
between high severity burn areas and spawning habitat
 if greater than 50% of reaches can't be treated, treatment
efficacy should be reconsidered.



ATTEMPTS TO INCLUDE LTPBR IN BAER

2022 MCKINNEY FIRE
Klamath National Forest

Response from Washington Office:

 Large wood placement was not authorized.

Based on the information provided, “the
treatment does not address  any unacceptable
risk to BAER critical values.”

 “No analysis  or evidence was presented
demonstrating that the treatments  would
substantially reduce risk to the critical values.

BAER request:
- Large wood placement as treatment to stabilize banks and

protect against further damage to Coho CH.

- Objectives:
- Reduce rates of sediment transport during subsequent

storm events
- Capture debris and sediment during higher flows later in

the year.

- Noted that efficacy of treatment relies on treating tributaries
between high severity burn areas and spawning habitat
 if greater than 50% of reaches can't be treated, treatment
efficacy should be reconsidered.



ATTEMPTS TO INCLUDE LTPBR IN BAER

2022 MCKINNEY FIRE
Klamath National Forest

Response from Regional Office to second request:

 request is “unusual in requesting authorization for a treatment that was already requested and not approved.”

 Not approved previously because “not considered a BAER treatment that is likely to reduce unacceptable risks
substantially within the first year (FSM 2523.03.2), nor is it demonstrated effective (FSM 2523.2.1c).”

 …”several available case studies of this treatment type under BAER demonstrated widely variable effectiveness,
and in some cases were judged as making the situation and impacts worse.”

A second BAER request was then submitted highlighting the importance of addressing the concerns of tribal 
partners (incl. Yurok, Karuk, Quartz Valley, and Shasta) and the California Department of Fish and Wildlife.



ATTEMPTS TO INCLUDE LTPBR IN BAER

2022 MCKINNEY FIRE
Klamath National Forest

Response from Regional Office to second request:

 request is “unusual in requesting authorization for a treatment that was already requested and not
approved.”

 Not approved previously because “not considered a BAER treatment that is likely to reduce unacceptable risks
substantially within the first year (FSM 2523.03.2), nor is it demonstrated effective (FSM 2523.2.1c).”

 …”several available case studies of this treatment type under BAER demonstrated widely variable effectiveness,
and in some cases were judged as making the situation and impacts worse.”

A second BAER request was then submitted due to importance of addressing the concerns of tribal partners 
(incl. Yurok, Karuk, Quartz Valley, and Shasta) and the California Department of Fish and Wildlife.

“…I recognize your and the tribes’ desire to implement this treatment 
before another winter season. This particular treatment was requested and 
funded through the Burned Area Rehabilitation (BAR) program...”



2018 GANCE FIRE
Humboldt-Toiyabe National Forest

- Burned over a mile of the Gance Creek
riparian area

- Occupied by Lahontan Cutthroat Trout
(LCT), an ESA listed threatened species

ATTEMPTS TO INCLUDE LTPBR IN BAER

Map and images provided by Robin Wignall, HTNF.



2018 GANCE FIRE
Humboldt-Toiyabe National Forest

Objectives: 

- Retain fisheries habitat integrity

- Increase inset floodplain connectivity

- Prevent additional downcutting of the stream system

ATTEMPTS TO INCLUDE LTPBR IN BAER

Structures were first installed in December 2018

Beaver dam analogs approved 
as pilot effort under BAER.

Images provided by Robin Wignall, HTNF



2018 GANCE FIRE
Humboldt-Toiyabe National Forest

ATTEMPTS TO INCLUDE LTPBR IN BAER

Some major limitations…

• Funds only approved for materials - no funding for labor
• Relied on volunteers and other available staff

• Support for monitoring was a challenge

• Ability to maintain/improve structures limited

Overall success in getting treatments approved!

• Step towards building understanding and support for
use of LTPBR approaches in BAER when appropriate

Beaver dam analogs approved 
as pilot effort under BAER.



Takeaways from using low-tech PBR to mitigate fire effects:
 Quick and effective way to capture sediment in upper reaches, reducing delivery to

anadromous reaches

 Accumulating sediment and reconnecting floodplains promotes vegetation recovery

 A great tool but not a fit in every landscape (e.g., likely not appropriate in higher
energy systems)

 Important to try to simulate local historical processes as much as possible.
 Were beaver dams or large woody debris jams historically part of the system?

 Low-tech PBR is a great tool ALONGSIDE other critical tools!
 Road storm proofing and contour falling dead trees are examples of other

important and effective treatments.



Challenges and Opportunities within BAER
 Reducing risk to an acceptable level within the first year is difficult, especially after large fires.

 BUT maybe easier to justify in smaller fires (e.g., Gance Fire)

 The word “Restoration” is a trigger that bumps treatments out of BAER

 New BAER treatment catalog drafted
 LTPBR approaches included
 Important to identify clear guidelines

 Recent examples provide opportunities to monitor in post-fire environments
 Help us more fully understand effectiveness and/or potential risk.



Thank you!!

Special thanks to:
Wolfy Rougle and Faith Churchill, 
Butte County RCD (Park Fire example)

Julia Petreshen, Yurok Tribe, and Mid-
Klamath Watershed Council 
(McKinney Fire example)

Robin Wignall, Humbolt-Toiyabe NF 
(Gance Fire example)



Connecting Instream and Upslope Restoration in the 
Western Klamath Mountains

Will Harling
Restoration Director - Mid Klamath Watershed Council

Co-Lead – Western Klamath Restoration Partnership
On-Call Firefighter – Karuk Tribe

CARX Burn Boss



MKWC Board of Directors

Jeanerette –Jacups-Johnny
Jon Grunbaum
Mark DuPont

Blythe Reis
Molli Myers
Dean Davis 
Rony Reed

Michael Stearns
Carol Sharp

Co-Executive Directors

Luna Latimer Lake
Kathy McCovey
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Seiad Creek Coho Spawner Survey 12/30/2025





Seiad at Panther Gulch Habitat Enhancement Project










Middle Sweet Coho Habitat Restoration Project



Doolittle Accelerated Wood Recruitment



Carter/Burns Creek Meadows



Carter/Burns Creek Meadows





MKWC Sandy Bar Creek Fish Passage Improvement Workday - 2002









The Daily Caller News Foundation learned that the Department of the Interior (DOI) cancelled 79 
grants to environmental organizations on Tuesday, totaling around $14 million.



Funding Freeze!!!

We got this!!!



Upper Horse Valley Project



Spinks Ranch All Hands All Lands (AHAL) Rx Burn 
June 2025

2025 AHAL Partners: 
Karuk Tribe, Mid Klamath Watershed Council,  Salmon River Restoration Council, Cultural Fire Management Council, Humboldt 

County PBA, Quartz Valley Indian Reservation, Watershed Research and Training Center, Hayfork Volunteer Fire Department, Six
Rivers National Forest, Orleans Volunteer Fire Department, Mattole Restoration Council, Siskiyou PBA.



Building Social Licence for Large Scale Beneficial Fire 

2023 SRF Lightning Complex – Pearch Fire – Looking Down on Orleans from “Rocking Chair” Drop Point



2023 SRF Lightning Complex





2024 Boise Fire

2013 Butler Fire

2020 Red Salmon Complex

2024 
Boise Fire

2023 Pearch Fire









July 8, 2025 – Butler Creek Prescribed Fire

2025 Butler Fire



















Yurok Salmon Bake at the 11th Annual Coho Confab on SF Smith River 2008 
Photo: Brock Dolman

Fuels to Flows  for Fish & Fire



Fuels to Flows: Bringing Nature-Based Stewardship to the Headwaters
Brock Dolman OAEC – SRF - Fish & Fire– April 29, 2026





First one in 2009 with the Santa Cruz RCD

2006

Slow 
Water 

Movement 
Meme 



CAN ATTENUATE FLOODS

Photo: www.joewheaton.org

“Smokey the Beaver: 
beaver–dammed 
riparian corridors 
stay green during 
wildfire throughout 
the western USA”

Fairfax and Whittle, 
2020

http://doi.org/10.1002/eap.2225

Smokey the Beaver







Uplandscape (First Order/Class 3)

Riverscape

Beaverscape

Salmonscape

Firescape



“Governor Gavin Newsom’s California Climate Commitment 
has 81 targets for nature-based solutions  

to help California achieve its world-leading climate goals, 
including reaching carbon neutrality by 2045.” 

April 22, 2024

That is a lot of acres in need of vegetation management!

That will generate millions of tons of:
Slash as Trash?, 

or is it Beneficial Biomass!

What is the plan to 
Balance this Beneficial Biomass Budget 
w/ this once-in-a-generation resource? 



2005

Diesel Free Pyro-intensive gardening



OAEC co-founded this in 2002 w/ BLM grant & became part of Fire Safe Sonoma in 2004. 



OAEC’s 50 acres of over-stocked young Douglas Fir encroaching hardwoods due to legacy logging & modern fire suppression



“Since the achievement of our independence, he is the greatest patriot who stops the most gullies."  Patrick Henry 1776 



Fewer Trees – More Forest – More Fire – More Flow – More Fish!

E.T. – Phone Home! 



“Water is Life.
Fire follows Water, 
and Beauty follows 

Fire & Water”."
Jeanette Acosta

Indigenous ethnobotanist & Cultural Fire Practitioner 

“Fire is about water,
but everybody always goes  

I thought you guys were the fire guys, 
but no we’re the water guys, we bring water back. 

When you refresh the resources they are going to hold more water 
and that’s the whole point in restoration.”

North Fork Mono Tribal Chairman Ron Goode

Credit: Sinead Santich

Cultural Fires for Cultural Waters since Time Immemorial



Slide by Dr. Karen Pope - Jordin Jacobs et al. In prep.
To regenerate wet meadows you have to re-wet them! 

We must address the root causes of their dehydration & desiccation, 
which are typically deranged hydrologic conditions and incised de-watering channel morphologies. 

Good fire alone will not get us there, as this study appears to show it hastens their demise.  



"Fishable, swimmable, and drinkable" 
A core mandate of the U.S. Clean Water Act (CWA) of 1972, 

aiming to restore and maintain the chemical, physical, and biological integrity of the nation's waters.

Based on data from the 
California State Water Resources Control Board 

and Regional Water Quality Control Boards, 
the dominant 303(d) listed pollutants in 

Northern California watersheds 
are sediment and temperature.

Don’t think this is what Prince meant by Purple Rain 
or Alice Walker wrote about in The Color Purple? 

https://www.waterboards.ca.gov/campaigns/clean-water-act-50-years.html
https://www.google.com/search?q=sediment&client=safari&hs=mPmp&sca_esv=c0203a4e5d3b1bdc&rls=en&biw=1740&bih=977&sxsrf=ANbL-n5l97FANe0al7NKBNRkYf41sLK1FA%3A1777215459558&ei=4yfuaaHfIaTa0PEPv-qo-As&ved=2ahUKEwjl256L5IuUAxVOPjQIHU3jMfwQgK4QegQIARAC&uact=5&oq=What+is+the+dominant+303d+listed+pollutant+in+Northern+California+watersheds%3F&gs_lp=Egxnd3Mtd2l6LXNlcnAiTVdoYXQgaXMgdGhlIGRvbWluYW50IDMwM2QgbGlzdGVkIHBvbGx1dGFudCBpbiBOb3J0aGVybiBDYWxpZm9ybmlhIHdhdGVyc2hlZHM_SN3iAVAAWMbLAXAOeAGQAQGYAdYBoAGCSaoBBzU2LjMzLjO4AQPIAQD4AQGYAlegArE_&sclient=gws-wiz-serp&mstk=AUtExfBK5e6ut7Fj7qb2sbzUA5payWELmO0QevyiDPs6s3q7JH3mRRFr6I_PbMzeuo950OJj6rhbxD4qEuUDllXFdvHedSDp1SofLS6VfEz_uCtXZRoeg-ETTyR1ej_1L2NIKpqyI5KY-xnZXfGZtUVxQYL6kCVkljpI4PwWSg0u4FDxka5hSyM7qHbCL4rbWVmhR0Ih&csui=3
https://www.google.com/search?q=temperature&client=safari&hs=mPmp&sca_esv=c0203a4e5d3b1bdc&rls=en&biw=1740&bih=977&sxsrf=ANbL-n5l97FANe0al7NKBNRkYf41sLK1FA%3A1777215459558&ei=4yfuaaHfIaTa0PEPv-qo-As&ved=2ahUKEwjl256L5IuUAxVOPjQIHU3jMfwQgK4QegQIARAD&uact=5&oq=What+is+the+dominant+303d+listed+pollutant+in+Northern+California+watersheds%3F&gs_lp=Egxnd3Mtd2l6LXNlcnAiTVdoYXQgaXMgdGhlIGRvbWluYW50IDMwM2QgbGlzdGVkIHBvbGx1dGFudCBpbiBOb3J0aGVybiBDYWxpZm9ybmlhIHdhdGVyc2hlZHM_SN3iAVAAWMbLAXAOeAGQAQGYAdYBoAGCSaoBBzU2LjMzLjO4AQPIAQD4AQGYAlegArE_&sclient=gws-wiz-serp&mstk=AUtExfBK5e6ut7Fj7qb2sbzUA5payWELmO0QevyiDPs6s3q7JH3mRRFr6I_PbMzeuo950OJj6rhbxD4qEuUDllXFdvHedSDp1SofLS6VfEz_uCtXZRoeg-ETTyR1ej_1L2NIKpqyI5KY-xnZXfGZtUVxQYL6kCVkljpI4PwWSg0u4FDxka5hSyM7qHbCL4rbWVmhR0Ih&csui=3


First Flush of Dutch Bill Creek meeting Russian River! 
Photo: David Berman



Poorly designed & installed Culverts act like Hydraulic Mining Devices. 
These Culverts are Perverts - Driving Derangement, Desiccation 

and Delivery of Salmon Slaughter Sediment  

Phots by Minona Heaviland/SCRP’s





Incised upland gully 
directly delivering dirty 
water to Coho stream

Burn Piles

Burn Piles

Is this considered a 
Pile It   Project?



Photo: Sashwa 
Burrous

Spare the Air & Stuff the Gully to 
Save Salmon & Salamanders!



Fuel as Forest Food First



C02 & H20 are equal inputs 
but H20 is the limiting factor  

Carbon Follows Water!
Water is Life!







To the degree that Change is the only Constant: 
Are we acting as Agents of Degenerative or Regenerative Disturbance Regimes?

Touch Too Much No TouchGoldilocks' Touch

DEGENERATIVE DEGENERATIVEREGENERATIVE



Fire Ladders Limbed

Habitat Snags Created 

Douglas Fir Thinned

Limbs Lopped & Scattered

Disconnecting 
Ground Fuel from Crown Fuel 

• Limbing & Thinning
• Lopping & Scattering
• Stuffing of Gullies
• Creating Cavity Nest Habitat

Gullies Stuffed



While there are 
Limits to Growth

we can
Limb It for Growth!



Permits are needed to ‘fill’ Waters of the State 



Agents of Regenerative Disturbance Regimes



Marin Conservation Corps at OAEC in 2001

Live 
Oaks

Douglas Fir 
fuel loads



Fuels to Flows 2001

Live Oaks

Deeply incised gully

Channel Spanning bio-dam



Fuels to Flows 2023

Live Oaks

Channel Spanning bio-dam

Fuel Load Slash in Gully Stuffed with Biomass







Besides dumping dirt in our rivers - headcuts and incised channels desiccate & dehydration hillslope water storage capacity 

A Biomass Boss doing some Prescribed Gully Stuffing



Upland flood terrace connectivity to optimize Slowing – Spreading – Sinking  – Storing & Sharing







From OAEC’s Fuels to Flows work on only 10 acres



Fuels to Flows Workforce Training 
North Bay Jobs with Justice and Resilience Works

Hosted by Two Sisters Place - Led by Occidental Arts & Ecology Center
Occidental – December 8th-12th, 2025



Sawyers

Sorters & Swampers

Stagers

Stuffers 

Fuels to Flows
Workflow Sequence

(Require very different skills & 
training as this is water work)



Pre & Post of a lateral headcut treatment
surrounding large mid-channel boulder. 



Long incised reach fully layered & stuffed up to 3 feet in depth over 75 feet. 
Notice that is has been angle pinned in multiple locations with onsite made stakes. 



GULLY STUFFING COLLABORATION WITH GOLDEN GATE NATIONAL RECREATION AREA



Stillwater Cove RP, Stockhoff Creek 
Watershed



Monte Rio Redwoods Regional Park



Stuff Incisions before Ignitions!
Prescribed burn 

over a stuffed gully 
whose wetted area 

resisted being burned.
 Monte Rio Regional Park



Gully stuffing is a very tightly packed 
layering of green & brown materials 

with water added when runoff occurs. 

Yes it is a compost pile that ultimately 
provides a nutrient dense & water 
holding sponge that breaks down 

to provide a deep root bed to improve 
biodiversity and forest health 

for the trees that remain post thinning. 

Densely compacted 
composting matrix 
is a low oxygen setting.

Slow & Fast Carbon Cycle 
Pool Preferencing:

Soil Pool
Water Pool

Life Pool
Then Air Pool 



North Fork Navarro River - Flynn Creek: Roadside Fuels for Fish Flows

Ryan Shorrow - CCC

WCB Funded



Photos by Ryan Shorrow/CCC’s

The Switch!

Mia van Docto/TU



In Draft Review



Found Gully Model



Bohemian Collaborative: a project of:



Based on OAEC, SEC & others publicly submitting 
Fuels to Flows comments to the new

 Forest Health Program Grant Guidelines 
they now include language supporting 
the on-site use of Beneficial Biomass!  

So all you Biomass Bosses take advantage 
of this new opportunity when you are 

developing your concept & full invited proposals!



A subset of the public comments submitted by OAEC:



One 
can 

dream! 



Check out our 
Gully Stuffing 

Video & Animation!



Let’s Make Haste 
with Zero Waste

cuz it’s time to connect 
our Fire Fears 

with our Water Woes 
by turning our

 Fish & Fire
Fuels into Flows!



Scan the QR Code for links to lots of Upland Fuels to Flows PBR Resources from OAEC



Temporal Habitat 
Changes and Fish 

Response Following 
Catastrophic Fires

Accounting for Impacts when 
Prioritizing Restoration Need and 
Fish Population Estimates

Presented by Tricia Bratcher, USFWS
Red Bluff Fish and Wildlife Office

On behalf of co-authors:
(FWS) RJ Bottaro, Sam Provins, and (CDFW) 
Patrick Jarrett
April 2026

Dixie Fire Photo: Noah Berger, AP



Presentation 
Goals

• ID why we prepared a white
paper on catastrophic fire
impacts on fish

• Discuss Potential Fire Impacts
• Share Case Studies
• Share trajectory for impacts on

the landscape
• Discuss implications for future

restoration; also tied to
restoration “programs” (e.g.
NTRS, AFRP, CDFW programs,
Recovery Plans, etc.

(PS. Any references in the presentation are 
associated with a white paper; please just ask me 
for a copy!) Park Fire Photo: UC San Diego



Major Central Valley
Project Structures

Shasta Dam and reservoir on the Sacramento 
River,
Trinity Dam and reservoir (formerly called Clair 
Engle Lake) on the Trinity River
Folsom Dam and reservoir on the American River
Friant Dam and reservoir on the San Joaquin River
New Melones Dam and reservoir on 
the Stanislaus River (which helped galvanize the 
river-preservation movement in California)
San Luis Reservoir, a joint federal-state storage 
offstream facility.

https://www.watereducation.org/aquapedia/shasta-dam
https://www.watereducation.org/aquapedia/sacramento-river
https://www.watereducation.org/aquapedia/sacramento-river
https://www.watereducation.org/aquapedia/trinity-dam-and-trinity-river
https://www.watereducation.org/aquapedia/friant-dam
https://www.watereducation.org/aquapedia/new-melones-dam
https://www.watereducation.org/aquapedia/stanislaus-river
https://www.watereducation.org/aquapedia/san-luis-reservoir


CVPIA
The Central Valley Project Improvement 
Act of 1992 (CVPIA) started the Central 
Valley Project (CVP) in a new direction. 

The CVPIA provisions dealt with water 
contracts, improved water management, 
restoration of anadromous fish 
populations, water supplies for State and 
Federal refuges, and mitigation for other 
fish and wildlife impacted by the CVP.



The Fish Species CVPIA Primarily Addresses in the 
Northern Central Valley

• Winter-run Chinook Salmon, dually listed as Endangered
• Spring-run Chinook Salmon, dually listed as Threatened
• Central Valley Steelhead (O. mykiss), federally listed as

Threatened
• Sacramento River Fall-run Chinook Salmon and Late Fall-run

Chinook Salmon, State Species of Special Concern
• Southern DPS, Green Sturgeon, federally listed as Threatened
• Other anadromous species, such as Pacific Lamprey

Photo source: USFWS



Current 
Management 
and Direction 

of CVPIA 
Restoration

Science Integration 
Team (SIT)  established 

in 2012

Structured Decision-
Making Framework

Diverse backgrounds of 
members

Products

Near-term Restoration 
Strategy (NTRS)

Annual Adaptive 
Management Update

Decision Support 
Models



So, what does that have to do with fire impacts, as it relates to 
anadromous fish population dynamics, restoration priorities, and 
overall recovery?



Answer
Stochastic events, such as largescale fire, could alter key assumptions 
and/or data used in the Decision Support models   In the case of 
CVPIA, the models inform recommendations of the next iteration of 
the next Near Term Restoration Strategy (2026 to 2031)



How we 
assess fish 
“response” 

may depend 
on numerous 

factors:

• The time scale of the observations 
(Gresswell, 1999), 

• Fire severity,
• Geology/topography, 
• Pre- and post-fire land management activities, 
• Climate, 
• The ecology of where the fire occurs.  
Both short- and long-term fire impacts and fish 
responses vary significantly (Bixby et al., 2015; Isaza et 
al., 2022; Jager et al., 2021). ‘

Different fish species also respond differently to fire 
(LeMoine et al., 2020). 

https://esajournals.onlinelibrary.wiley.com/doi/10.1002/ecs2.4233#ecs24233-bib-0013
https://esajournals.onlinelibrary.wiley.com/doi/10.1002/ecs2.4233#ecs24233-bib-0007
https://esajournals.onlinelibrary.wiley.com/doi/10.1002/ecs2.4233#ecs24233-bib-0012
https://esajournals.onlinelibrary.wiley.com/doi/10.1002/ecs2.4233#ecs24233-bib-0020
https://esajournals.onlinelibrary.wiley.com/doi/10.1002/ecs2.4233#ecs24233-bib-0024


Wildfires in 2020 burned an unprecedented 
4 million acres across California, the highest 
annual acreage in California of record. In 
2021, about 2.6 million acres burned, which 
made it the second highest year.  2018 
ranked third, with 1.5 million acres burned. 

The area burned by wildfires and the 
number of large fires (10,000 acres or 
more) across the state of California have 
increased markedly in the last 20 years 
(California Office of Health and Human 
Services, 2022).

Copied figures  from  the  S ta te  of California , CALFIRE webs ite , re flecting  annua l acres  burned in  California  be tween 1950 and 
2021 (Figure  1) and num ber of la rge  fires  (over 10,000 acres ) burned in  California  be tween 1950 and 2021 (Figure  2).

What has been going on in California lately?



Recent Fire Magnitude 
and Frequency

Most vegetation types have seen increases in 
area burned since 2000, with conifer forests 
showing the greatest increase including 
headwater areas in watersheds, many of 
which support anadromous fish in the Central 
Valley. 

Large  wildfires  (>5,000 acres ) from  2018 to  2024 in  
anadrom ous  s tream  reaches  of the  Centra l Valley, CA. 
Sources : Ca liforn ia  Departm ent of Fores try and  Fire  
Pro tection  (fire  perim ete rs ); Ca liforn ia  Departm ent of Fish  
and  Wild life  (s tee lhead  d is tribution) webs ites . 



Fire Effects on Habitat
Impacts to Riverine Habitat and Streamside Vegetation  

Graphic source: Rogue Riverkeeper 2020 Wallbridge Fire, Photo source: Sea Grant California 



Fire Effects on Habitat

Fire facilitates erosion through changes in vegetation and soil, with major postfire erosion
Sedimentation and Sediment Routing

2021 Dixie Fire runoff, NF Feather River into L. Almanor (CA GS photo)

Whiskey Creek bridge loss, 2018 Carr Fire



Fire Effects on Habitat – Sediment cont’d
Im pact  Type Low  Turbid ity 

(<25 NTUs
Modera te  Turbid ity (25-100 NTUs) High Turbid ity (>100 NTUs)

Overa ll 
Observed  
Behavior

Minim al More  evident S ignificantly d iffe rent than  norm al

Migra tion May be  s low 
s lightly a t h igher 
end  of th is  range

May be  de layed  or a lte red Significant d is ruption; m ay ha lt m igra tion  
entire ly, seek re fuge , or re -route

Spawning 
Activity

Large ly unaffected Fish  m ay avoid  spawning; m ay 
lead  to  pre -spawn m orta lity if 
tu rb id ity event is  long

Suppressed  or avoided , leading  to  pre -
spawn m orta lity; energe tic cos ts  increase  
due  to  de lays  and  searching  behavior

Im pacts  to  
Redd

No obvious  
observed  im pact

Eggs  m ay suffe r reduced  oxygen 
due  to  s ilta tion

Eggs  m ore  like ly to  perish  due  to  reduced  
oxygen

Phys io logica l 
Im pacts

No rea l 
m easurable  
phys io logica l 
s tress

Extended exposure  leads  to  
e leva ted  s tress  horm ones  (e .g . 
cortiso l)

Can weaken im m une  function  over 
pro longed periods ; can  lead  to  sub-le tha l 
s tress , im pairing  reproductive  readiness

Other -- Adults  m ay hold  in  p lace  or avoid  
turb id  sections
Adults  rem ain  phys io logica l 
res ilien t com pared  to  juveniles

Visua l cues  a re  im paired—m ay in te rfe re  
with  m ate  se lection  and  redd  s ite  
identifica tion .



Fire Effects on Habitat

• Substantial increase in nutrients, ions, organic chemicals, and metals in burned watersheds
• Burned infrastructure (buildings, vehicles) impacts -> more severe water quality impacts)
• Increases in turbidity and conductivity
• Decreased pH and dissolved oxygen.
• Impacts from fire retardant:  See Delta Science Tracker online (UC Davis studies)
• Kwan et. al. 2024: Despite pH and RBC pH recovery and non-lethal nitrogenous waste levels, they

observed 20 % and 33 % mortality in 15 and 20 ◦C treatments within 12 h of exposure, respectively.

Water Chemistry and Water Quality

From Kwan et al. 2024:
https://doi.org/10.1016/j.scitotenv.2024.176040

https://doi.org/10.1016/j.scitotenv.2024.176040


Case Histories 

2012 Ponderosa Fire (dark red polygon), 
east of Anderson

2018 Carr Fire, west of Redding

2021 Dixie Fire, east of Red Bluff and Chico

2024 Park Fire, east of Red Bluff and Chico

Map source : CalFire

Carr Fire

Dixie FirePark Fire)



2012 Ponderosa Fire
• Started August 18, contained on August 31, 2012
• Located in the Battle Creek watershed, Shasta and

Tehama Counties
• Acres burned:  27,676
• Structures destroyed:  133 (towns of Shingletown

and Manton)
• Cause:  Lightning strike
• Lives Lost:  0
• Anadromous fish species/runs affected:  Winter-run,

Spring-run, Fall-run, Late  Fall-run Chinook Salmon,
Central Valley Steelhead, Pacific Lamprey

• Monitoring conducted by US Fish and Wildlife
Service (USFWS) in 2015 included observations of
metric tons of sediment entering the South Fork of
Battle Creek and its tributaries

• Extensive fire salvage after the fire
• Multiple instances of road failure in the upper

watershed
Map provided  by Battle  Creek Res to ra tion  Program , Bureau  o f Reclam ation .



Ponderosa Fire Impacts

Spring 2015:
• Initial observations identified bank to bank filling of 

sediment throughout the South Fork of Battle 
Creek.  This sediment was first observed upstream 
of South Dam (RM14) and was persistent for 
approximately 16 miles downstream to the 
confluence of the North and South forks of Battle 
Creek

• Possible cause due to land management, road 
failures, large weather events (e.g. December 
2014). 

• No pool or riffle habitat was found, 
• All areas were blanketed in sand. 
• Void of observations of aquatic invertebrates and 

other small native fishes. 

Spawning adults/redd condition: 

Battle Creek Restoration Program Map

South Fork

North Fork



Source: USFWS



South Fork Battle Creek Watershed

Source: USFWS



Baldwin Pool

July 25, 2012

Source: USFWS



Baldwin Pool

July 16, 2015

Source: USFWS



Baldwin Pool

October 7, 2015

Source: USFWS



2018 Carr Fire
• Dates:  Started July 23, contained August 30, 2018
• Located in the Clear Creek, Trinity River, Sacramento

River watersheds (and tribs above and below Shasta
Reservoir)

• Acres burned:  229,651 (97% of the Clear Creek
watershed, 50% of the anadromous portion of the
watershed)

• Structures destroyed: 1,604
• Cause:  Accidental; sparks from tire failure on Hwy 299
• Lives lost:  8 (3 firefighters, 5 civilians)
• Anadromous species/runs affected: Winter-run,

Spring-run, Fall-run, Late  Fall-run Chinook Salmon,
Central Valley Steelhead, Pacific Lamprey, green
sturgeon*

Picture Source: Penitentes, public domain



Examples of extent of impact instream and on fish populations, Clear Creek, October 2018. 



Paige Boulder Creek confluence, looking downstream, Jan 2019 Paige Boulder Creek confluence, looking upstream, Jan 2019

Paige Boulder, Feb 2019, Need Camp Bridge (below Paige Boulder), excessive sand deposition 

Examples of extent of impact instream and on fish populations.  Paige Boulder Creek—main tributary to Lower Clear Creek 

Source: USFWS



Carr Fire—Effects on Potential Spawning Habitat

USFWS measurement of potential spawning habitat measured in July of each year. Blue bars represent the spawning area measured above the 
Gorge cascade; area primarily used for spring-run Chinook Salmon spawning (habitat above ~RM 6.6). Red bars represent the roughly 6 miles of 
stream measured below the Gorge cascade; area primarily used for fall-run Chinook spawning. Horizontal bars represent the spawning habitat 
requirements for an average return of each species based on literature values. 



Carr Fire Effects
Egg Incubation and Habitat

Change in average embeddedness, Lower Clear Creek study site, Carr Fire, 
but below the largest tributary input (SF Clear and Paige Boulder) Source: CDFW



2021 Dixie Fire

• Dates:  Started July 13, contained October 25,
2021 (105 days)

• Located in Hat Creek, Feather River, Mill Creek,
Deer Creek, and Butte Creek watersheds,
numerous smaller tributaries (Butte, Plumas,
Shasta, Tehama and Lassen Counties)

• Acres burned: 963,309 acres
• Structures destroyed: 1,329, including the town of

Greenville, Canyon Dam, and Indian Falls
• Cause: Tree falling on PG&E power line,

exacerbated by later acts of arson
• Lives lost:  1 (firefighter)
• Anadromous species/runs affected: Spring-run

(“direct”), Fall-run, Late  Fall-run Chinook Salmon,
Central Valley Steelhead (“direct”), Pacific
Lamprey

Source:  Penitentes, public domain



Dixie Fire
The most expensive wildfire suppression effort in 
United States history, in part due to a reliance on 
contracted and higher-paid local and private 
firefighters. $637.4 million, split between multiple 
agencies such as CAL FIRE and the U.S. Forest Service. 

Acres burned in Mill Creek Watershed:  11,145 (13% of 
total watershed acreage); majority of the headwaters 
acreage (portion of which within anadromy)

Acres burned in Deer Creek watershed: 16,398 acres 
(12% of watershed); roughly half of the headwaters 
area (above anadromy).

Source: USFS BAER report



2024 Park Fire
• Dates:  Started July 24, contained September 26,

2024 (64 days)
• Located primarily in the Big Chico, Deer, Mill,

Antelope and Paynes Creek watersheds (Butte,
Tehama counties)

• Acres burned: 429,603 acres
• Structures destroyed: 709
• Cause:  Arson
• Lives lost:  0
• Anadromous fish species/runs affected:  Winter-

run, Spring-run, Fall-run, Late  Fall-run Chinook
Salmon, Central Valley Steelhead, Pacific
Lamprey, Green sturgeon*

Souce:  Penitentes Public Domain



Pour Po in t  Locat ion  
(w aters hed  ou t lets  
us ed  in  WEPP m odel) Acres  

% of 
Waters hed  
Burned  

2-year Peak Return  
In terval Average Annual 

Pre-Fire 
Q (cfs ) 

Pos t -Fire 
Q (cfs ) 

Pre-Fire 
Hills lope 
S ed im ent  
(tons ) 

Pos t -Fi
Hills lop
S ed im e
(tons ) 

Below CG - Mill Creek 22,000  11%  2,700  3,600   700 4,000  
Canyon  ou tlet – Lower 
Mill Creek 77,000 78% 4,800 10,270 3,400 78,000 

Canyon  ou tlet – Lower 
Deer Creek 130,000 42% 6,000 13,200 5,300 82,000 

Canyon  ou tlet - Lower 
Antelope Creek 75,000 60% 15,000* 27,000* 3,200 48,000 

Wate r Eros ion  Prediction  Pro ject (WEPP) predicted  2-yr re turn  in te rva l 
peak s tream flow discharges  and  average  annua l h ills lope  sed im ent 
production  for Mill, Deer and  Ante lope  Creeks  



Antelope Creek Watershed Sept 2024



Mill Creek Watershed



P
Deer Creek Watershed 2015 



Deer Creek Watershed 2024 



Park Fire – Mill Creek Focus

Spawning adults and redd condition:  
• An estimated 18 adult spring-run Chinook Salmon and 100 fall-

run Chinook Salmon were counted on Mill Creek based on redd
counts during the 2024 season. All observed redds were within
the Park Fire footprint.

• Large peak flows of 15,000 cfs (~10 year event) occurred
during the fall and winter of 2024-25 likely inducing streambed
scour and significant increases in sediment transport.



Park Fire Effects

Smolts and Outmigration: Some spring-run leave Mill and Deer creeks as yearlings.
Expected to be impacted by lack of shade/higher water temperatures 
(oversummering).

The Big  Bend to  Canyon 
Cam p reach of Mill Creek with  
h igh  burn  severity a long 
riparian  a rea . Fa ll 2024.  Photo  
by California  Departm ent of 
Fish  and Wildlife .



Park Fire – Sonde Data

Turb id ity and  conductivity increased  fo llowing  peak d ischarge , while  d is so lved  oxygen  and  pH decreased . Discharge  from  USGS s tream  gage  “MLM”, loca ted  on  Mill Creek above  
the  upper d ivers ion  dam  in  the  va lley floor. Source : CDFW and  DWR



Mill Creek Pre- vs Post-Park Fire Turbidity by Flow Bin, 2025 results 



Park Fire Monitored Tailout Data, Embeddedness, Mill Creek, 2025 Results



Park Fire Monitored Tailout Data, Fine Sediment, Mill Creek, 2025 Results



Park Fire Monitored Tailout Data, Pool Volume, Mill Creek, 2025 Results



Other Impacts from the Park Fire

Mill Creek

Sacramento River

Los Molinos

Source: CDFW graphics



Projection of Future Fires

USFS wildfire prediction model website page.  Light colors (pale orange) show a low likelihood, dark red/burgundy is highest likelihood.
Source : h ttps ://wild fire risk.org /explo re /wild fire -like lihood /06/  and  
h ttps ://lao .ca .gov/Pub lica tions /Report/4952#How_does_wild fire_risk_vary_across_the_s ta te .3F

Decadal Wildfire Projections. See:  https://v2.cal-adapt.org/tools/wildfire

https://wildfirerisk.org/explore/wildfire-likelihood/06/
https://wildfirerisk.org/explore/wildfire-likelihood/06/
https://wildfirerisk.org/explore/wildfire-likelihood/06/
https://v2.cal-adapt.org/tools/wildfire/
https://v2.cal-adapt.org/tools/wildfire/
https://v2.cal-adapt.org/tools/wildfire/


What can we do?
Tools to consider for future use and assessment:
•

• Use the “Potential Solution/Evaluation” method:  https://iwaponline.com/wqrj/article-abstract/50/2/123/21602/Evaluation-of-
effect-of-sediment-on-aquatic?redirectedFrom=fulltext 

• Explore the CALFIRE “Fire Across Time” mapper:
https://experience.arcgis.com/experience/b72eede32897423683a94c61bf9d3027/page/Fire-Across-Time#data_s=id%3Aadd-data-

widget_109-1-1754091098626%3A838
   and
   https://experience.arcgis.com/experience/aff840a6cd8d4e49958f2b61982b5b11

• The USDA Forest Service created Wildfire Risk to Communities under the direction of Congress. It was first published in 2020 and
uses nationally consistent data grounded in the best available science. See:  https://wildfirerisk.org/explore/overview/06/ and
https://research.fs.usda.gov/firelab

• To explore wildfire scenario projections for area burned and estimated decadal wildfire probabilities for California, CAL-Adapt
developed a “Fire Severity Simulator’ as part of a recent climate change assessment.  See:  https://v2.cal-adapt.org/tools/wildfire/

• Explore the Resist Accept Direct (RAD) framework in the context of adaptation to change caused by increased fire on the landscape,
as well as in the context of further evaluating climate change in the SIT Climate Change subgroup.  Lynch et al. (2025) recently
illustrated RAD concepts using case studies on walleye (Sander vitreus) stocking decisions in Wisconsin, wildfire response in the
Greater Yellowstone Ecosystem, and bull trout (Salvelinus confluentus) management in Oregon.

https://iwaponline.com/wqrj/article-abstract/50/2/123/21602/Evaluation-of-effect-of-sediment-on-aquatic?redirectedFrom=fulltext
https://iwaponline.com/wqrj/article-abstract/50/2/123/21602/Evaluation-of-effect-of-sediment-on-aquatic?redirectedFrom=fulltext
https://iwaponline.com/wqrj/article-abstract/50/2/123/21602/Evaluation-of-effect-of-sediment-on-aquatic?redirectedFrom=fulltext
https://iwaponline.com/wqrj/article-abstract/50/2/123/21602/Evaluation-of-effect-of-sediment-on-aquatic?redirectedFrom=fulltext
https://iwaponline.com/wqrj/article-abstract/50/2/123/21602/Evaluation-of-effect-of-sediment-on-aquatic?redirectedFrom=fulltext
https://iwaponline.com/wqrj/article-abstract/50/2/123/21602/Evaluation-of-effect-of-sediment-on-aquatic?redirectedFrom=fulltext
https://iwaponline.com/wqrj/article-abstract/50/2/123/21602/Evaluation-of-effect-of-sediment-on-aquatic?redirectedFrom=fulltext
https://iwaponline.com/wqrj/article-abstract/50/2/123/21602/Evaluation-of-effect-of-sediment-on-aquatic?redirectedFrom=fulltext
https://iwaponline.com/wqrj/article-abstract/50/2/123/21602/Evaluation-of-effect-of-sediment-on-aquatic?redirectedFrom=fulltext
https://iwaponline.com/wqrj/article-abstract/50/2/123/21602/Evaluation-of-effect-of-sediment-on-aquatic?redirectedFrom=fulltext
https://iwaponline.com/wqrj/article-abstract/50/2/123/21602/Evaluation-of-effect-of-sediment-on-aquatic?redirectedFrom=fulltext
https://iwaponline.com/wqrj/article-abstract/50/2/123/21602/Evaluation-of-effect-of-sediment-on-aquatic?redirectedFrom=fulltext
https://iwaponline.com/wqrj/article-abstract/50/2/123/21602/Evaluation-of-effect-of-sediment-on-aquatic?redirectedFrom=fulltext
https://iwaponline.com/wqrj/article-abstract/50/2/123/21602/Evaluation-of-effect-of-sediment-on-aquatic?redirectedFrom=fulltext
https://iwaponline.com/wqrj/article-abstract/50/2/123/21602/Evaluation-of-effect-of-sediment-on-aquatic?redirectedFrom=fulltext
https://experience.arcgis.com/experience/b72eede32897423683a94c61bf9d3027/page/Fire-Across-Time#data_s=id%3Aadd-data-widget_109-1-1754091098626%3A838
https://experience.arcgis.com/experience/b72eede32897423683a94c61bf9d3027/page/Fire-Across-Time#data_s=id%3Aadd-data-widget_109-1-1754091098626%3A838
https://experience.arcgis.com/experience/b72eede32897423683a94c61bf9d3027/page/Fire-Across-Time#data_s=id%3Aadd-data-widget_109-1-1754091098626%3A838
https://experience.arcgis.com/experience/b72eede32897423683a94c61bf9d3027/page/Fire-Across-Time#data_s=id%3Aadd-data-widget_109-1-1754091098626%3A838
https://experience.arcgis.com/experience/b72eede32897423683a94c61bf9d3027/page/Fire-Across-Time#data_s=id%3Aadd-data-widget_109-1-1754091098626%3A838
https://experience.arcgis.com/experience/b72eede32897423683a94c61bf9d3027/page/Fire-Across-Time#data_s=id%3Aadd-data-widget_109-1-1754091098626%3A838
https://experience.arcgis.com/experience/b72eede32897423683a94c61bf9d3027/page/Fire-Across-Time#data_s=id%3Aadd-data-widget_109-1-1754091098626%3A838
https://experience.arcgis.com/experience/b72eede32897423683a94c61bf9d3027/page/Fire-Across-Time#data_s=id%3Aadd-data-widget_109-1-1754091098626%3A838
https://experience.arcgis.com/experience/b72eede32897423683a94c61bf9d3027/page/Fire-Across-Time#data_s=id%3Aadd-data-widget_109-1-1754091098626%3A838
https://experience.arcgis.com/experience/b72eede32897423683a94c61bf9d3027/page/Fire-Across-Time#data_s=id%3Aadd-data-widget_109-1-1754091098626%3A838
https://experience.arcgis.com/experience/b72eede32897423683a94c61bf9d3027/page/Fire-Across-Time#data_s=id%3Aadd-data-widget_109-1-1754091098626%3A838
https://experience.arcgis.com/experience/b72eede32897423683a94c61bf9d3027/page/Fire-Across-Time#data_s=id%3Aadd-data-widget_109-1-1754091098626%3A838
https://experience.arcgis.com/experience/b72eede32897423683a94c61bf9d3027/page/Fire-Across-Time#data_s=id%3Aadd-data-widget_109-1-1754091098626%3A838
https://wildfirerisk.org/explore/overview/06/
https://research.fs.usda.gov/firelab
https://v2.cal-adapt.org/tools/wildfire/
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https://v2.cal-adapt.org/tools/wildfire/


Synopsis

Comparison of restored and unrestored reaches of the South Fork McKenzie River, Oregon, USA, before (autumn 2019 and summer 2020), immediately 
after (October–November 2020) and during the initial post‐burn recovery period (June 2021) for the “Holiday Farm” wildfire, which occurred in 
September 2020. 
Note that burn was generally more heterogeneous and habitat recovery faster in the restored reach.
Photograph/reporting credits: Robert Ashworth, Colin Thorne, Lisa Renan, Mickey Means‐Brous, Dan Scott and Kate Meyer.



Thank you!
Tricia Bratcher, USFWS, Red Bluff Fish and Wildlife Office
Patricia_Bratcher@fws.gov   530-789-1991

Mill Creek Headwaters 2013
Personal Photo

mailto:Patricia_Bratcher@fws.gov


Habitat Resilience in the Face of Wildfire along Whychus Creek 
Central Oregon

Mathias Perle – Restoration Program Manager
Lauren Mork -- Monitoring Program Manager

Deschutes Land Trust Whychus Canyon Preserve
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Whychus Creek Watershed
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Habitat Restoration
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Why does this matter?



Productive habitat
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Restoration Approaches



Whychus Canyon Preserve



Whychus Canyon Preserve



Pre-restoration (July 2016)

Three years post-restoration (July 2019)

Post-restoration (October 2016)

Jay Mather – Deschutes Land Trust 

Whychus Canyon 
Preserve



Photo Credit: Joe Wheaton



Slide: Maret Pajuitee



2025 Flat Fire



Deschutes Land Trust– Rimrock Ranch



Deschutes Land Trust Whychus Canyon Preserve



Upper Deschutes Watershed Council - Deschutes Land Trust Whychus Canyon Preserve



Upper Deschutes Watershed Council - Deschutes Land Trust Whychus Canyon Preserve

Before

After



Upper Deschutes Watershed Council - Deschutes Land Trust Whychus Canyon Preserve



Upper Deschutes Watershed Council - Deschutes Land Trust Whychus Canyon PreserveDeschutes Land Trust– Whychus Canyon Preserve



December 19th 
2025 Flood



Thank You!!  



Complexity: Increasing heterogeneity of resources

Stage 0 Stream Restoration Outcomes 
Whychus Creek, Oregon

Connectivity: Storing; increasing amount of resources
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Biological response: increased richness & productivity
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