
Humans and Fire







Three-fourths of US lands dominated by native 

vegetation show moderate or high departure from 

reference conditions as a result of altered fire regimes 

(TNC 2009).











Pyric Herbivory: What is the role of fire in 

grazed landscapes?

Sam Fuhlendorf

Oklahoma State University

Other important questions:
1.How do fire and grazing interact on landscapes?

2.How can we manipulate the interaction to achieve 

specific objectives? 

3.What is “excellent rangeland condition”?

4.What if bison could carry a drip torch?
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Does fire alter grazing behavior?
• Bison, cattle, horses, elk

• Pasture size

• Patch size

• Time since fire

• Variable regions



Fire-grazing interaction (pyric herbivory) as a 

critical ecosystem process- Global perspective 

Allred et al. 2011



Sensenig et al. 2010



Gureja & Owen-Smith 2002

Archibald & Bond 2004

Archibald et al. 2005





•Bison Unit

24,000 ac

no cross-fences

The Nature 

Conservancy’s

Tallgrass Prairie 

Preserve

•Experimental  

cattle pastures



• http://www.youtube.com/watch?v=L5eTm

VQxtEM

http://www.youtube.com/watch?v=L5eTmVQxtEM


Attraction to Fire

Attraction to Water



Grazing Site Selection in Heterogeneous Treatment 

Growing Season 2008

Burned Summer 2007Burned Spring 2008



Forage quality
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Allred, Fuhlendorf, Engle and Elmore (2011). 

Ecology and Evolution

Studied pastures that varied in 

1.Size (65-9500 ha) 

2.Species of Grazer (bison vs. cattle)

3.Patches per pasture (2-8)

4.Location (TPP-SRR)

Conclusion:

1. Time since fire was consistently dominant in 

influencing grazing behavior in all cases.

2. The strength of the interaction did not 

significantly change across any of the 

variables.

3. Analysis of grazing without fire is incomplete.

Allred et al. 2011, 2012, 2013

Fuhlendorf et al. 2010

Fuhlendorf and Engle 2004

Etc.



Homogeneous 

Treatment, Tallgrass 

Prairie Preserve
Cover

Tallgrass- 74% (3.7)

Forb- 26% (2.3)

Litter- 1% (1)

Bare Ground- 11% (2.9)



Burned 3/22/03

Photo taken 9/24/03

Burned 9/10/02



North American Bird Conservation Initiative, U.S. Committee, 2009. The State of the 

Birds, United States of America, 2009. U.S.Department of Interior:Washington,DC. 36 pp

http://www.stateofthebirds.org/pdf_files/State_of_the_Birds_2009.pdf

Is biodiversity dependent on 

heterogeneity that is driven 

by pyric herbivory?



0 2412
Months Since Fire

36

Lark Sparrow

Killdeer

Upland Sandpiper

Grasshopper Sparrow

Eastern Meadowlark

Dickcissel

Henslow’s Sparrow

Homogeneous

Management

Pictures by Gary Kerby

Fuhlendorf et al. 2006





Increasing Time Since Fire

Burn
Sagebrush

Steppe Juniper
open mid dense

Mt Bluebirds

Mt Chickadees

Chipping Sparrows

Flycatchers
Juncos

Sage thrasher

Sage sparrow

Brewers Sparrow

Green tailed towhee

Vesper sparrow

Horned lark

Western Meadowlarks

Years
0 30 50 70 100

Figure 8. Response of birds to time since fire on Great Basin rangelands 

(Reinkensmeyer et al. 2007).



Pyric Herbivory and Insects

Engle et al. 2008

Doxon et al. 2011



Pyric Herbivory and Small Mammals

Peromyscus maniculatus Sigmodon hispidus

Fuhlendorf et al. 2010

Months Since Fire Months Since Fire

Fuhlendorf and Engle 2004

Fuhlendorf et al. 2006

Fuhlendorf et al. 2009

Engle et al. 2008

Fuhlendorf et al. 2010

Doxon et al. 2011

Etc.



Greater nitrogen available on

recently burned patches that 

attract greater densities of grazers

Anderson, Fuhlendorf & Engle 2006



Animal Production

fireecology.okstate.edu

1.Bison and other wild herbivores

a. Site selection for recently burned 

areas

b. High breeding populations when 

allowed to interact with fire

c. Focal grazing is a common behavior 

that promotes greater nitrogen 

availability

2.Cattle- yearlings and cow/calf over 10 

years- no negative effects and some 

positive effects

Anderson et al. 2006

Fuhlendorf et al. 2009

Cummings et al. 2006

Vermeire et al. 2005

Limb et al. 2011

Etc.



Does grazing effect fire 

behavior?

Kerby et al. 2007, Fuhlendorf et al. 2009



Charles M. Russell National Wildlife Refuge

Kerby et al. 2007

Twidwell et al 2009

Fuhlendorf et al. 2009

Etc.



Fire in Bambi



George Catlin on his 1832 Missouri River voyage:

“Every acre of these vast prairies burns over during the fall or early in the 

spring, . . . the fire slowly creeps with a feeble flame… where the wild animals 

often rest in their lairs until the flames almost burn their noses, when they 

will reluctantly rise, and leap over it, and trot off amongst the cinders, where 

the fire has passed and left the ground as black as jet.” 

(Catlin, Letters and Notes, vol. 2, no. 33, 1841; reprint 1973)







Fire in Stillwater OK



Conclusions

Fuhlendorf and colleagues . 30 peer-reviewed publications in 8 

different journals. Many other publications from other authors.

1. All ecosystems are heterogeneous

2. Fire and herbivory are critically linked

3. Biodiversity requires heterogeneity- in grasslands that means 

highly variable fire and grazing distribution in space and time

4. Most management is single objective and reduces 

heterogeneity

5. Considering grasslands as shifting mosaics can 

simultaneously

• Enhance biodiversity

• Sustain ecosystem services

6. This interaction operated anywhere with fire and herbivory

7. The strength is dependent on the relationships among grazing 

site selection, fire intensity, herbaceous biomass and forage 

quality- How much heterogeneity is possible?



Pyric Herbivory in Action on Boreal Rangelands? 
The Fire-Grazing Interaction of Wood Bison in NE BC, Canada

S. Leverkus,1,2 S. Fuhlendorf,1 M. Gregory,1 and N. Elliot2

1 Oklahoma State University  2 Range Program, BC Provincial Government



Boreal rangelands and fire

Most intact  terrestrial ecosystem in the world

Natural and anthropogenic fire dominant driver

Boreal fire creates mosaics (landscape) = heterogeneity 

Evidence of fire in the Boreal : charcoal and pollen, oral

Source: National Archives of Canada--016436
Johnson, 1992; Larsen and MacDonald,1998; Lewis, 1977,1980, 1982, 1988; Rowe and Scotter, 1973; Suffling, 1998







Boreal Forest



Yukon NWT

Alaska Highway

A
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Reintroduced 49 head @ Nordquist (1995) on Liard River and 40 head @ Etthithun (1999) 
on the Fontas River

Herd size has remained low since reintroduction 

WHY??
Yukon NWT

Fort Nelson
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Actual bison distribution of 3 collared animals

Bison 149360

Bison 149440

Bison 149371





Alaska Highway

Liard River

Bison 149360

Bison 149440

Bison 149371



Liard River

Alaska Highway

Bison Loop

Bison 149360

Bison 149440

Bison 149371

Old Alaska Highway



Bison 149360

Bison 149440

Bison 149371

Alaska Highway



Alaska Highway

Liard River

Nordquist

Bison 149360

Bison 149440

Bison 149371



Fire at Nordquist

Liard River

Pre-1995 burn

2009 Rx burn 

2010 Rx burn



Lana Lowe, Lands Director, Fort Nelson First Nation













So, is IT a silver bullet?

• Pyric herbivory vs. Patch burning vs. need for 

heterogeneity

• Scale dependence or landscape context

• What about other herbivores?

• Regional/site differences

• Are there negative effects on some species?

• Interactions with climate and other 

disturbances (e.g. prairie dogs)



The Prairie Butterfly Paradox

The Regal Fritillary,

For example







So, is IT a silver bullet?

• Patch burning vs. need for heterogeneity

• Scale dependence or landscape context

• What about other herbivores?

• Regional/site differences

• Are there negative effects on some species?

• Interactions with climate and other 

disturbances (e.g. prairie dogs)



 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1.3. (A) Turkey Creek, (B) Quanah Parker, and (C) Holy City colony treatment locations at Wichita Mountains Wildlife Refuge, 

Oklahoma in 2009 and 2010. 
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Institution: Oklahoma State University                      Location: Stillwater, Oklahoma 

 

Title of Study: BLACK-TAILED PRAIRIE DOG AND LARGE UNGULATE 

RESPONSE TO FIRE ON MIXED-GRASS PRAIRIE 

 

Pages in Study: 118                     Candidate for the Degree of Master of Science 

Major Field: Natural Resource Ecology and Management 

 

Scope and Method of Study:  Restoring historic fire-grazing regimes and the declining 

keystone species the black-tailed prairie dog (<italic>Cynomys 

ludovicianus<italic>) are two management priorities in North America’s 

grasslands. My study sought to investigate the relationship between these two 

elements of grassland ecology. Analysis included comparisons of prairie dog, 

bison, and cattle use of prairie dog colonies, burned grasslands, and mixed-grass 

prairie controls. In 2009 and 2010 I collected data on plant community 

characteristics and treatment use by prairie dogs and large ungulates at Wichita 

Mountains Wildlife Refuge, Oklahoma.  

 

 

Findings and Conclusions:  Prairie dogs responded positively to burn treatments in both 

years, with the strongest response occurring in 2009, when precipitation during 

the growing season was lowest. Vertical obstruction was significantly reduced 

within burned treatments and might explain the colonization of burns. There was 

no observed attempt to colonize unburned grasslands. Bison and cattle both 

selected disturbed sites and avoided unburned and uncolonized grasslands. 

However, there were differences in treatment use. Cattle preferred colonies for 

both loafing and grazing, while bison favored colonies for loafing and burn 

treatments for grazing. This likely is associated with differences in diet and the 

plant communities found in each treatment. While plant species diversity and 

richness varied between treatment types, cover types reflected intensity and length 

of disturbance. Forb cover and biomass increased with disturbance, with colonies 

and burns having a greater abundance of forbs than mixed-grass prairie controls. 

Conversely, graminoid cover and biomass were greatest within controls and 

lowest within colonies. It appears that prairie dogs and large ungulates can both 

benefit from restoring fire to the landscape. When applied to appropriate sites, fire 

can create valuable habitat for dispersing prairie dogs. This can aid in colony 

expansion and potentially improve conditions for both artificial and natural 

colony establishment. It also provides additional evidence that cattle utilize prairie 

dog towns for grazing and are not ecologically equivalent to bison. 

 



Do we know IT works?
1. We do know that heterogeneity is important for multiple 

objectives.

2. In grasslands we do know that the fire-grazing interaction 

was a dominant disturbance.

• Fire influences grazing

• Grazing influences fire

• Biodiversity and ecological processes respond

3. We do know that some species increase while others 

decrease with disturbance.

4. Should pyric herbivory be used for management of grazed 

ecosystems?

• Depends on objectives

• There is no silver bullet

• Most important decisions are fire and stocking rate



• MFRI is the number of years between 
successive fire events

• Most of CMR has MFRI of < 45 years and much 
< 20

Part II: HISTORICAL FIRE REGIME 



Part II: CURRENT FIRE REGIME

• Trend of increasing area burned

• Only 21.6 % of refuge burned in 29 years

• Recently, there are fewer but larger fires

• Most fires are ignited by lightning

• Fire rotation of 134 years



• FRCC represents departure from the natural fire 

regime

• Medium to high departure is dominant on CMR

Part II: HISTORICAL FIRE REGIME 





Post-Burn Vegetation Cover
2011

No Grazing Wildlife Only Open Grazing

Group Species Unburned Burned Unburned Burned Unburned Burned

GRASS Bouteloua gracilis 1.76 ± 0.38 3.13 ± 0.49 3.41 ± 0.57 4.03 ± 0.59 7.64 ± 0.91 6.37 ± 0.73

Bromus japonicus 18.53 ± 1.39 8.01 ± 0.93 9.58 ± 0.93 3.66 ± 0.53 10.38 ± 1.20 9.42 ± 1.05

Pascopyrum smithii 13.15 ± 0.79 12.71 ± 0.94 11.34 ± 0.89 11.26 ± 0.90 12.08 ± 0.92 9.38 ± 0.71

Stipa viridula 2.00 ± 0.36 1.67 ± 0.38 5.65 ± 0.72 3.86 ± 0.68 3.12 ± 0.61 2.81 ± 0.48

FORB Melilotus officinalis 2.97 ± 0.66 5.75 ± 1.13 2.28 ± 0.46 2.92 ± 0.56 2.15 ± 0.61 0.99 ± 0.26

SHRUB Artemisia frigida 1.66 ± 0.33 0.47 ± 0.20 2.13 ± 0.37 1.04 ± 0.27 4.51 ± 0.63 2.22 ± 0.51

Artemisia tridentata 9.02 ± 1.35 0.65 ± 0.42 7.02 ± 1.06 2.81 ± 0.63 10.42 ± 1.32 4.18 ± 0.92

Opuntia

polyacantha 1.51 ± 0.36 0.96 ± 0.31 0.95 ± 0.26 0.64 ± 0.23 1.28 ± 0.32 1.26 ± 0.36





Eastern Grazing PhobiaWestern Fire Phobia



“… the most important resources of Indian 

hunter-gatherers are the early succession 

species commonly found in recently burned 

areas: bison, moose, deer, elk, rabbits, 

grouse, grass seeds, legumes, berries, 

bulbs. However, natural fires are too 

irregular in occurrence and distribution to be 

completely relied upon.”

Henry Lewis, ethnohistorian

As quoted by Alston Chase,

Playing God in Yellowstone [pp. 93-94]



Forage quality and quantity paradox
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What about more arid, more complex and 

different herbivores?
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