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Fire Ecology in Forests of the  
Grand Canyon & Southwest 

 
• Different forests, different fire regimes 
• How do we study past fire regimes? 
• Pinyon-juniper: infrequent, severe, 

patchy fires 
• Ponderosa pine: frequent low-severity 

fires 
• Mixed conifer: frequent fires, mixed 

severity 
• Spruce-fir & aspen: infrequent severe 

fires 
• Returning fire to the landscape 

 
Fire in mixed conifer/aspen forest, Grand 
Canyon National Park, 2003 (NPS photo) 



C. Hart Merriam, 1890 







A fire regime is the pattern of fire occurrence over a 
long period of time (centuries to millennia) 
 
Fire regimes are described by: 
 
• How often fires occur (frequency) 
• The energy released (intensity) 
• The type of fire (surface/crown) 
• The ecological effects (severity) 
• Typical size of the fires 
• Spatial complexity 
• Typical season of fire 

 
 

High elevation (spruce, 
fir, aspen): relatively wet, 
lots of fuel but rarely dry 
enough to burn. 
 
Low elevation (pinyon-
juniper): dryness favors 
fire but little fuel. 
 
In between (ponderosa 
pine, mixed conifer): the 
sweet spot, wet enough 
for fuel production, dry 
enough to burn often! 
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Swetnam et al. 1999, Ecol. App. 9:1189-1206 

Many data sources for historical reference 
conditions of fire regimes & forest characteristics 



Reference information 
over the long-term 
 
Holocene warming & 
development of modern 
vegetation (last 12K yrs) 
 
Kaibab Plateau, North 
Rim of Grand Canyon 
 
Apply palynology (study 
of lake sediments) to 
assess fire & forest 
dynamics. 

Fracas Lake 

Bear Lake 



Long-Term Fire and Forest Dynamics 

Date Fracas Lake, 7700 ft Bear Lake, 9110 ft 

> 12,900 B.P. Spruce woodland Alpine tundra 

~ 12,900 B.P. Spruce & fire arrive,  

charcoal & charred 

needles 

~ 11,000 B.P.  Fast 

warming drives 

plants upward, then 

climate stabilizes 

Ponderosa pine 

arrives, high & steady 

charcoal inputs 

~ 9,730 B.P. Warm, 

dry period till 4,000 

B.P. 

Continued pine & 

charcoal 

Pine arrives, high 

charcoal flux.  

Spruce declines, 

then recovers 

Weng, C., and S.T. Jackson.  1999.  Late Glacial and Holocene vegetation history and paleoclimate of the 
Kaibab Plateau, Arizona.  Palaeogeography, Palaeoclimatology, Palaeoecology 153:179-201. 



Reference information from the recent past 
 
• Historical photographs, inventories, surveys 
• Dendrochronology – fire and forest dynamics 
• Native species  
• Oral history 
• Anthropology 
 
 
 
 

1909—”typical group arrangement of age classes…south of Grand View”—
Grand Canyon.  G.A. Pearson, USFS photograph 

 



Mt. Trumbull, Arizona: 1870 



Mt. Trumbull, Arizona: 1995 



Forest plot measured circa 1915  
Check mark = seedling,  X  = cut stump. 
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Dendrochronology (tree-ring dating) is used to date 
even-aged patches of trees that regenerated after 
severe fire 

Spruce, fir, lodgepole pine, Rocky Mtn NP 
Sibold & Veblen 2006 
  

Aspen regeneration, Grand Canyon NP 
Yocom et al. in review 
  



Dendrochronology 
of fire-scarred 
trees 
 
These forests have 
always burned … 



… and 
burning 
leaves scars 





     Dr. Larissa Yocom       Dr. Citlali Cortés Montaño 

Sampling Fire-Scarred Trees: 





In the lab, tree 
rings are 
crossdated, fire 
years 
determined, 
composite fire 
history 
assembled 



http://www.ltrr.arizona.edu/lorim/conifer.gif 

http://www.ltrr.arizona.edu/skeletonplot/exampleapplication.htm 

Crossdating determines the year in which each ring formed by 
cross-matching patterns of ring width. 

The science of 
dendrochronology was 
conceived a century ago 
by Andrew Douglas, 
then an astronomer in 
Flagstaff, Arizona . 
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Pinyon-juniper: infrequent, severe, patchy fires (probably 
mostly…) 

Closed 
forest  

Tree-
shrub 

PJ 
savanna, 
prob. 
surface 
fires 
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NPS Photo 



Library of Congress 

David Rumsey Collection 

“…the trees are large and noble in aspect and stand widely apart, except 

in the highest parts of the (Kaibab) plateau where the spruces 

predominate.  Instead of dense thickets where we are shut in by 

impenetrable foliage, we can look far beyond and see the tree trunks 

vanishing away like an infinite colonnade.” (Clarence Dutton1882) 



Ponderosa Pine Forests 

• Frequent surface fires, burning with a mosaic 

of intensities, but majority of mature trees 

survived. Average fire intervals 2-10 yrs. 

• Fires were excluded circa 1880 with the 

introduction of large livestock herds that 

consumed the herbaceous plants, breaking 

fuel connectivity.  Later, wood harvest, roads, 

active fire suppression. 



Swetnam, T.W., and C.H. Baisan.  2003.  Tree-ring reconstructions of fire and climate history in the Sierra Nevada and southwestern 
United States.   In: T.T. Veblen, W.L. Baker, G. Montenegro, and T.W. Swetnam (Editors), Fire and Climatic Change in Temperate 
Ecosystems of the Western Americas, Springer, New York, pp. 158-195. 

Regional Fire History, Southwestern USA 

Fire regime change 



Powell Plateau 
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Mixed Conifer Forests 

• Frequent surface fires, but 

patches of high severity burning. 

Average fire intervals 6-15 yrs. 

• After fires were excluded, the 

shade-tolerant mesic species 

increased: Douglas-fir, white fir. 
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Spruce-fir & Aspen Forests 

• Gentle topography of Kaibab 

Plateau creates highly inter-

spersed forests with mixed-

severity fire regime. 

• Fires recurred often on south-

facing slopes (< 50 yrs), rarely on 

north-facing slopes (100+ yrs). 

• Lack of elk favors robust aspen 

regeneration. 
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Managed Wildfires 
 
• Fire management policy continues to evolve. 
• Grand Canyon fire and natural resource managers began to re-

introduce fire in the 1970s. 
• Currently manage fire to benefit resources. Ex: N Rim fires in 2003. 

 

Fulé, P.Z., and D.C. Laughlin.  2007.  Wildland fire effects on forest 
structure over an elevational gradient, Grand Canyon National Park, 
USA.  Journal of Applied Ecology 44:136-146. 



Low-elevation burned site:  

Powell Plateau (Powell fire) 

NPS 

NPS 





Mid-elevation burned site:  

Swamp Ridge (Rose and Big fires) 

NPS 





High-elevation burned site:  

Little Park (Poplar fire) 

NPS 

NPS 







Schultz Fire 
June 20th 2010 

1205 

Schultz Fire 
June 20th 2010 

1330 

Modern fire history at 
Grand Canyon contrasts 
with heavy fuel loads 
and severe wildfires on 
other public lands. 
 
Kaibab & other National 
Forests are also 
increasing proactive fire 
management. 
 
Fire use may confer 
resilience in the face of 
drought and warming 
climate. 



Large Fires  in the Southwest 1900-2012 

Courtesy: Joe Crouse, Ecological Restoration Institute 



Forests on Tribal lands: 

Hualapai Reservation 

 

• Similar ecology, elevational 

range, soils, etc., to public 

lands. 

• Similar history of fire exclusion 

after the late 1800s. 

• But uneven-aged silvicultural 

systems, prescribed burning & 

thinning treatments have been 

applied. 

• Fire restoration began in 1960s. 

 

 

 

Stan, A.B., P.Z. Fulé, K. Ireland, and J. Sanderlin. 2014. Modern 
fire regime resembles historical fire regime in a ponderosa pine 
forest on Native American lands. International Journal of 
Wildland Fire 23:686–697.  



Fire History: Ponderosa Pine Forest, 
Hualapai Tribal Lands 

 Mean fire interval 

(all fire years) 
 

 Historical: 5-10 years 

 Modern: 7-11 years 



 Forests on tribal lands in an advantageous 

position as climate changes? 
 

Greater resistance to severe burning, thus increased 

resilience to the impacts of climate change? 



Education and Outreach 

4th grade students 

 

Peach Springs 

Elementary School 
 

 
 

  



Photo: Dan Binkley 

Take-away points: 
 
• Fire regimes differ with forest types. 
• Natural fire regimes were regulated by climate, fuels, and ignition. 
• Grand Canyon provides unique opportunities to learn about fire 

ecology and to use fire. 
• Restoration of fire regimes helps restore natural resilience and 

helps forests in the face of climate change. 


