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άCƛǊŜ is areactionthat synthesizesits surroundings, taking its 
character from its context, making it a shape-ǎƘƛŦǘŜǊά 
Stephen Pyne, Fire Historian



Humans are a fire species

Fire has shaped our culture & our evolution



ά/ƛǾƛƭƛȊŜŘέ ǎƻŎƛŜǘȅ Ƙŀǎ ƭƻǎǘ ŎƻƴƴŜŎǘƛƻƴ ǿƛǘƘ ƴŀǘǳǊŜ ƳƻǊŜ ōǊƻŀŘƭȅ 
including our role as a steward of ecological fire

Indigenous cultural burning (left) vs. wildland fire suppression (right)



Catastrophic burns of early 20th century (e.g., Burn Big of 1910) 
ƭŜŘ ǘƻ ŀ ǎǘǊŀǘŜƎȅ ƻŦ άŦƛƎƘǘƛƴƎϦ ŀƴŘ ǎǳǇǇǊŜǎǎƛƴƎ ŀƭƭ ǿƛƭŘƭŀƴŘ ŦƛǊŜ



Modern fire-suppressed forest
Before fire suppression era

(fire-maintained ecosystems)

Decades of fire 
suppression



5ŜƴǎŜ ŦƻǊŜǎǘΣ ƘƛƎƘ ŦǳŜƭ ƭƻŀŘƛƴƎΣ ǿŀǊƳƛƴƎ ŎƭƛƳŀǘŜΣ ϧ ǇƭŜƴǘȅ ƻŦ ƛƎƴƛǘƛƻƴǎΧ 
 

Welcome to the PYROCENE or age of fire
 

 Megafire: ŀ ǿƛƭŘŦƛǊŜ җ плƪ Ƙŀ όмллƪ ŀŎύ ƛƴ ŜȄǘŜƴǘ ǿƛǘƘ ŀ ƘƛƎƘ ǇŜǊŎŜƴǘŀƎŜ 
ŎƭŀǎǎƛŦƛŜŘ ŀǎ άƘƛƎƘ ǎŜǾŜǊƛǘȅέ



 

The visible 
effect of the 
process of  

combustion
What is Fire?



Fire is a product of combustion, an exothermic chemical reaction

ÅOxygen

ÅFuel

ÅHeat

Fire Triangle

Without all 3, fire 
does not occur

Fire has 3 basic ingredients



Natural ignition (heat side of the triangle) comes from several 
non-human sources

Rare & limited geographically

Rare

Widespread & common

Volcanic

Rock fall Lightning

Spontaneous



Life can exist 
without fire, but 
fire cannotexist
without life

Life produces O2 
& biomass (fuel)

Ecological fire dates back to the 
Silurian period (~420 MYBP) 



²Ƙŀǘ ƛǎ ǎƳƻƪŜ ϧ ǿƘŀǘΩǎ ƛǘ ƳŀŘŜ ƻŦΚ

ÅSmoke is a suspension of airborne particles 
(aka, particulates) & gases emitted by 
incomplete combustion
ÅCO2 & H2O plus many types of gases & 

particulates (biomass burning)

ÅComposition depends on fuels & external 
conditions

ÅCombustion under high oxygen & dry fuel 
types burn hot, producing less smoke 

ÅtŀǘƘƻƎŜƴǎΚ ¸ŜǎΧ ōƛƻǘƛŎ ŘƛǎŜŀǎŜ-causing 
agents detected in smoke



Fire behavior has its own triangle
Assumes a fire has already started

ÅFactors that influence fire spread & intensity
ÅHigher fuel loading, more extreme fire behavior
ÅFire spreads quickly upslope and slowly downslope
ÅHigh wind speeds & low humidity = high fire danger

ÅFactorsinteract to effect behavior
ÅShaded slopes are cooler and wetter than sunny slopes 

leading to higher fuel moisture (less fire prone)

ÅFuel is what we can alter through management, 
managing fuels to moderate future fire behavior
ÅA main reason for prescribed burning is fuel reduction



Adapting to fire: 
resistance, resilience, avoidance, and promotion

Fire resistance = damage prevention

Thick bark insulates & protects 
the vascular cambium

ponderosa pine forest 
(Flagstaff, AZ)



Adapting to fire: 
resistance, resilience, avoidance, and promotion

Fire resilience = post-damage recovery

Sprouting after 
high-severity fire



Canopy-stored seed: Resilience through offspring

Serotiny ς a botanical term describing late opening of fruits & cones to 
release viable seed, often after a fire

Serotinous cones (left & center) and fruit (right)



Adapting to fire: 
resistance, resilience, avoidance, and promotion

Gopher tortoises dig a burrow to escape fire



Gopher tortoise is a keystone species
Burrow serves as a refuge for other species during a fire



Adapting to fire: 
resistance, resilience, avoidance, and promotion

Some plants in fire-prone areas produce flammable biomass 
(foliage & fibrous bark)

+ =

Eucalypts have oily leaves and shreddy bark that promotes fire spread



Fire-adapted traits reflect adaptations to patterns in 
historical fire, or fire regime

ÅFire regime can be defined by variation in:
o Fire type, ignition sources, frequency, intensity, severity, spatial 

extent or scale, & seasonality or time of year

ÅFire regime parameters are correlated:
o Higher the frequency, lower the intensity

o Higher the intensity, higher the severity

o High frequency, lower extent (without human propagation)

o Winter season burning tends to be lower severity (when plants are 
mostly dormant)



Fire-adapted traits reflect adaptations to patterns in 
historical fire, or fire regime

Thick bark

Sprouting

High

None

Canopy-stored 
seed

(serotinous cones)

Low

L
o

w
H

ig
h

Frequency

In
te

n
si

ty



Regime: Low Frequency, High Intensity

lodgepole pine ecosystem (cone serotiny)



Regime: Low Frequency, High Intensity

jack pine ecosystem (similar to lodgepole pine)



Regime: High Frequency, Low Intensity

ponderosa pine ecosystem (thick bark)



Regime: High Frequency, Low Intensity

longleaf pine ecosystem ς currently occupies < 5% of its historic range



Regime: High Frequency, High Intensity

Mediterranean or chaparral shrubland (sprouting)


