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Klamath River Basin

Issues to be covered: 
ïSalmon stock status

ïHistorical and 
contemporary 
wildfire effects

ïClimate and 
wildfires

ïLinkages of 
wildfires to forests, 
riparian zones and 
fisheries

* Unique features-Inverted 
basin, geology-
vegetation from the  
convergence of coast 
ranges, Cascades, Sierra 
Nevada mountains. 

Map: NMFS-NOAA 2007:3



Klamath-Siskiyou Fish Stocks At 

Risk: Coho and Chinook Salmon

Fixed life history pattern Variable life history pattern



Scientific Knowledge of the Effects of 

Forestry and Fires on Fisheries

ÅPhysical 

ÅBio-geo Chemical 

ÅBiological/Ecological

ÅScale of magnitude or 
processes

ÅComplexity of components

ÅSynthesis vs. Statistical 
rigor-Types of research

ÅScope of influence for 
observational vs. 
manipulative studies. 



Factors influencing Fire and Fish

ÅClimate/weather

ÅFire frequency, 
vegetation response, 
and landscape 
condition

ÅDirect/Indirect 
Effects

ÅSpatial and 
temporal scales

ïGresswell 1999, 
Vol. 128, No. 2, Fire and 

Aquatic Ecosystems in 
Forested Biomes of North 
America, Transactions of 
the American Fisheries 
Society. 



Synergistic Interactions: Climate-Forest-Fire-Hydrology-Fish

Dwire and Kauffman 2003. Fire and Riparian Ecosystems in Landscapes of the 
Western USA. Vol. 178. Forest Ecology and Management 



Fisheries and Aquatic Conditions Influenced by 

Forestry/Fuels Reduction and Wildfires

ÅDirect

ïHeating/Vegetation removal

ïSmoke/Temperature

ïNutrient and debris inputs

Å Indirect

ïErosion: Nutrients,  sediment 

and woody material inputs

ïHydrology: Increased water 

yield

ïPopulation changes linked to 

fire severity and extent 

ïSpecies and runs influenced 

differently due to life histories 

and disturbance adaptations Fire suppression and 

repair activities?



Biophysical Changes Over Time

ÅChemical/Nutrients

ÅOrganic inputs

ÅInvertebrate 

community 

response

ÅFood web 

dynamics

ÅFish productivity 

and resilience 

ïGresswell 1999



Paleoclimate: Holocene-Fires and Fish 

Adaptive Response

ÅOcean sediment cores: 

Sancetta et al. 1992, 

Winds, Up-welling, 

seasonal production of the 

Nor. Cal. Current. etc. 

ñThe absence of these 

taxa during the glacial 

interval therefore implies 

a climate cooler than 

present and lacking 

summer coastal fogs 

produced by up wellingò

ñEvidence of atmospheric 

warming combined with summer 

fogs first appears about 13,000 yr. 

B.P. Studies from continental 

sites indicate that summer 

atmospheric temperatures 

increased throughout the PNW at 

this time.ò



Paleoclimate and Fires: Millennia, Centuries, 

and Decadal Patterns

ÅBriles and Whitlock 2005: 

Bolan Lake Charcoal and 

Pollen Data



Paleoclimate and Fires: Patterns of Centuries, and Decades

ÅWhitlock et al. 

2004: 

Comparison of 

charcoal and 

tree ring 

records 



Historical Fires of the Western Klamath Mountains: 

Clearview, near Clear Creek

Å Fire Frequency

ï Presettlement (1600s-1850s) MFRI 8 years 

(Skinner unpublished) 

Å Seasonality of fires

ïMajority Late Summer/Early Fall 59% 

(Latewood). ~14% Late earlywood, ~10% 

Mid-earlywood, ~ 16% Dormant.

Map: Klamath National Forest 1928 

Fire Interval Analyses, All Scarred, 1700-1998. 

Part 1: Summary Information, > 2 scars/sample

Year
Total 
Scars

Recorded 
Trees

Percent 
Scarred Fire Interval

1729 2 5 40 .

1736 2 5 40 7

1747 2 6 33 11

1760 6 9 67 13

1775 4 10 40 15

1779 2 11 18 4

1784 8 13 62 5

1795 4 14 29 11

1803 4 14 29 8

1812 4 16 25 9

1824 7 17 41 12

1829 6 20 30 5

1833 4 23 17 4

1837 6 24 25 4

1844 4 24 17 7

1845 7 24 29 1

1855 5 26 19 10

1860 12 28 43 5

1863 2 28 7 3

1864 2 28 7 1

1871 9 29 31 7

1878 7 29 24 7

1879 12 29 41 1

1888 10 29 34 9

1894 15 29 52 6

1903 13 29 45 9



Cultural and Natural Fire Regimes of the 

Klamath-Siskiyou Mountains

Å Ethnographic and archaeological data about tribal burning practices and villages

Å Paleoclimate and fire history data

Å Integrated studies to examine Climate-Weather-Fire-Forests-Fish interactions

Figure: Briles 2005

 

Photo: Kroeber

Karuk Village

Inversion?



Testing for Cultural Fire Regimes

ÅDebate about the 

extent of indigenous 

ignitions: Local or 

Landscape? 

ÅEvidence: 

ïPaleoclimate 

ïFire History 

Reconstruction

ïArchaeology-tribal 

land use patterns

ïVegetation-Ignition 

Simulation Models

Univ. of Nv.-Reno and USFS-PSW: 

Crawford and Mensing & Lake and 

Skinner *NSF funding provided



Wildfire behavior, severities, and frequencies: 

Then and Now?

ÅHistorical:

ïUnderstory surface lower 
to moderate intensities 

ïLow and moderate 
severity dominated, high 
severity areas patchy

ïFrequent/short to 
intermediate (10-50 years) 
fire return intervals

ïTopography, aspect, slope 
position, and soil-
substrate influenced

ÅContemporary:

ïMore ground/duff, 

individual torching, and 

continuous crown fires 

in denser forests

ïGreater proportion of 

moderate and high 

severity

ïDue to fire suppression 

and exclusion, longer 

fire rotations and fire 

return intervals for 

circa1910-1987



Wildfire behavior, severities, and frequencies: 

Then and Now?

ÅHistorical:

ïUnderstory surface 
lower intensities 

ïLow and moderate 
severity dominated, 
high severity areas 
patchy

ïFrequent/short to 
intermediate (10-50 
years) fire return 
intervals

ïTopography, aspect, 
slope position, and 
soil type influenced

ÅContemporary:

ïMore ground/duff, individual 

torching, and continuous 

crown fires in denser forests

ïGreater extent of area 

burnt/fire, and proportion of 

moderate and high severity

ïDue to fire suppression and 

exclusion, longer fire 

rotations and fire return 

intervals for circa1910-1987

ïBio-physical control factors



Fire Regime Condition 

Class: 

How does departure 

affect fish?

ÅProportion of the 
landscape in class 2-3

ÅChanges in forest 
density and increased 
fuel load

ÅPrioritization of fuels 
treatments

ÅLittle consideration for 
fisheries or hydrology



Weather to Fires to Fish: 
Models and research design to be developed

ÅPhase I:

ïMODIS: satellite imagery

ïRAWS: Temp., Precip., 

Rel.Humidity., Wind, Solar 

radiation, etc. 

ïStream temperature data from CA 

and PNW 

ÅPhase II: 

ïSmoke particulate readings from air 

quality monitoring

ïFire progression mapping

ïFire severity mapping

ïFish migration/telemetry Wildfires: Aug. 3, 2002



The hypothesized 

process: Climate & 

Weather Effects

ÅClimate drives longer 

scale weather patterns 

and fire events

ÅSeasonal weather 

influences fire 

behavior, hydrology, 

and fish response 

ÅFish respond to 

atmospheric-landscape 

scale processes



Summer coastal weather: Fire Behavior 

and Fish Responses-Foehn Winds and Fog

ÅMass et al. 1995. ñA day earlier reveals substantial warming 

(increasing 5-10ę C) and drying in the layer of offshore flow

19 July 1994, 000 UTC: NE-

Foehn winds-off shore
18 July 1994: 2330 UTC



Fire-Weather Feedback : Atmospheric Science

Robock 1988

Science Vol. 242

Elevated smoke 

layers produced 

day time cooling 

but had no 

nighttime effects. 

Inversion

strengthened by 

cooling. For the 

first two weeks, 

other than a cold 

front, a High 

pressure system 

prevailed over 

the region.
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MODIS: Biscuit Fire Aug. 14, 2002

Burn severity: Vegetation 

comparison and active burning
Vegetation/fuel burning and 

smoke distribution



Agness, Rogue River, Or. RAWS and USGS temperature data 

August 2002 during Biscuit Wildfire
Aug. 14, 02



Dillon Fire 1994: Weather, Fire/Smoke, Water Temp, & Fish

Å The maximum daily water 

temperature of Dillon Creek 300 

feet upstream of its mouth in 1993 

and 1994. Temperature ranges 

exceeded stressful levels for 

salmon or steelhead in June and 

July 1994. Ironically, a major fire 

in the Dillon Creek watershed in 

1994 is probably responsible for 

the cooling trend in the latter 

half of the summer of 1994. *Data 

source KNF stream temps/KRIS-

P.Higgins. 

Gasquet RAWS 1994: 17-25 July. 

Air temperature increases with 

NW/Foehn winds, then drops 

with Smoke/Inversion? Weather-

Fire Behavior/Intensity pattern 

evident followed by Smoke & 

Inversion-Stream Temp. 



Incorporating stream temperature 

monitoring and modeling data

ÅUSFS, USGS, Watershed 
Councils, Tribal, 
NCRWQCB data

ÅMid-lower Klamath River 
Basin TMDL-Water 
Quality Models 
ï (Flint and Flint 2008-USGS)

ÅCross reference with 
MODIS image of smoke 
and RAWS stations (air, % 
relative humidity, wind)

ÅSolar radiation-Short wave 
important to stream 
temperature

*USFS data and 

Flint and Flint 

2008-USGS



Limiting and/or Critical Factors for 

Klamath Basin Salmonids: 

Thermal Thresholds and Risks

ÅChronic: Reduced 

growth rate, increased 

susceptibility to 

disease

ÅAcute: Juvenile 

mortality rates begin to 

increase

ÅChronic > 15ÁC and 
Acute > 20ÁC for 
salmonids 
ï(Bartholow 1995, 2005, 

Barthalow et al. 2005).

ÅJuv. Salmonids 
stressed > 16ÁC 
chronic and > 22ÁC 
acute 
ï(Campbell et al. 2001)



Salmonids: Thermal tolerances 

and habitat preferences

ÅSpecies and age cohorts

ïHabitat selection varies

ïSpp. Specific biological needs 
within range of thermal 
tolerance

Å12-14ÁC Juv. Coho 
preferred temp. (Moyle 2002, 
NRC 2004)

Å14-18ÁC for optimal growth 
(Sullivan et al. 2000).

Coho: Slow water, 

ground seep, rooted 

aquatic vegetation/cover 

Chinook: Hottest time 

of day, middle, edge w/ 

velocity shear line, greater 

distribution along refugia

Steelhead: Hottest time 

of day, middle, edge w/ 

velocity shear line

*Sutton et al. 2007: Beaver 

Creek Thermal Refuge



Salmonids: Thermal Thresholds 

and Risks conôt. 

ÅMid to upper basin summer max. not to exceed 
16ÁC for 7 day avg. of daily max. values (USEPA 
2003)

ÅDaily max. temp. maintained < 20-21ÁC for juv. 
Coho and Chinook, < 21-23ÁC Steelhead to protect 
from acute lethality (Hicks 2000)

Å< 16-17ÁC water temp. salmonids are more resistant 
to Ceratomyxosis disease (Foott et al. 1999)

Å> 20ÁC water temp. and D.O. below 7mg/L increase 
bacterial infections in juvenile Salmonids 
(Williamson and Foott 1998). 



Integrating MODIS, RAWS, & Air Quality Data: 

Aug. 13, 2008 at 3pm

ÅJunction City [3pm: 0.033 vs. 5pm: 

0.134 (mg/m3)]

ÅBig Bar [3pm: 0.265 vs. 5pm: 0.099 

(mg/m3)] 

ï*Aug. 14, 11am (1.353mg/m3)

ïRAWS Max Avg. Temp  38.9ÁC on 

Aug. 14, 2008

Å*Hoopa RAWS Max Avg. Temp. 

38.3ÁC Aug. 14, 2008

ÅOrleans [3pm 0.067 vs. 5pm 0.058 

(mg/m3) ]
Smoke coverage, density, air 

temperature, % relative humidity, 

and stream temperature can be 

directly ñreal timeò correlated!

Hoopa

Big Bar

Orleans

JC



Air Temperatures: Above and Below the 

Inversion-Smoke Layer

ÅRobock 1988: Data 

comparison using over 

70 stations. 

ÅSmoke has higher 

albedo than wooded 

surfaces.

ÅOnly a strong synoptic 

scale front was able to 

disrupt the amplifying 

cycle of smoke induced 

cooling/reduced solar 

radiation.



Fire severity and weather (inversion layer) 2006
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Species or runs of fish affected by 

forestry/fuels reduction practices and wildfire

ÅCoho-low/moderate

ÅChinook
ïSpring-high/moderate

ïFall-low/moderate

ÅSteelhead
ïSummer-high/moderate

ïWinter-low

ÅResident trout: 
Rainbow and 
cutthroat-moderate

ÅSturgeon-low

ÅLamprey eels-
low/moderate

ÅSuckers, dace, sculpin, 
etc.-unknown/low? 

Å Extent and proportion of severity, and 
geology of watershed affected by fire

ï Example Wooley Creek tributary to the 
Salmon River: Multiple wildfires 
occurring, DG erosive soils, stocks at risk.

Å Future climate-fire-vegetation and related 
watershed processes on fisheries 



Wildfire severity, frequency, fisheries and 

watershed condition: Wooley Creek

Proportion of fire severity types (low-high) across watershed in 

relation to fish distribution


