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ABSTRACT 

Previous research indicated rangelands need rest from grazing after fire, while 

others show grazing the first year following fire has no negative effects on the plant 

community. This caused uncertainty around post-fire grazing management. In July 2017, 

the Lodgepole Complex fire burned ponderosa pine grasslands of the northern Great 

Plains, including areas burned in 2003 for fuels mitigation. We examined effects of post-

fire grazing and season of defoliation. For the grazing study we wanted to determine 1) 

plant community response to grazing or rest the first growing season after fire in 

ponderosa pine grassland communities, and 2) whether prescribed fire alters plant 

community response to subsequent wildfire. For the season of defoliation study we 

wanted to determine 1) timing of defoliation effects on the plant community one growing 

season after fire and 2) whether defoliation effects are altered by prescribed fire 

preceding the fire. Eight exclosures (25 x 15 m) were built, 4 reburned sites and 4 

wildfire sites. A non-grazed (15 x 10 m) section inside each exclosure was paired with a 

grazed section outside the exclosure. Plots (5 x 10 m) were mowed in the exclosure to 10 

cm in June, July, or August, or not mowed during 2018. In 2019, biomass samples were 

clipped at peak production, with species composition and diversity measured by point-

intercept transects. We observed a trend for reduced cool-season grasses (P =0.0675) and 

annual grasses (P =0.0071) if defoliated earlier; a trend for reduced forbs (P =0.0699) if 

defoliated later; and reduced total current-year biomass (P =0.0362) if defoliated. 

Functional group composition was not changed, but some individual species were shifted 

due to fire history. The grazing study only showed a trend for greater old dead biomass 

on non-grazed sites (P = 0.0600), higher composition of forbs on reburn sites (P = 

0.0324), and a trend for a higher composition of Psoralidium tenuiflorum (Pursh) Rydb. 

on reburn sites (P = 0.0559). Results indicate mowing the first year following fire shifts 

the plant community, but the community is resistant to post-fire grazing. Prescribed fire 

14 years before wildfire had small impacts on community composition. 
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CHAPTER ONE 

FIRE AND GRAZING: A LITERATURE REVIEW 

Introduction 

 

 Grasslands evolved over time under three major drivers: climate, grazing, and fire 

(Axelrod, 1985; Sampson et al., 2004; Anderson, 2006). The Great Plains developed in 

the rain shadow of the Rocky Mountains, which influenced seasonal precipitation 

patterns, producing more droughts west of the Mississippi River (Samson et al., 2004). 

These seasonal droughts, common in the northern and southern mixed-grass prairie, can 

alter aboveground production, functional group biomass, and the precipitation-use 

efficiency of plants (Vermeire et al., 2009).  

Large grazers (Samson et al., 2004; Anderson, 2006) and fire, natural and man-

made, have been a part of these grassland systems (Sousa, 1984; Axelrod, 1985; 

Umbanhowar Jr., 1996; Anderson, 2006) for many years. Fire was first used by Native 

Americans, then after early European settlement, fires increased from settlers expanding 

westward and igniting fires, and finally, once we had the ability, there was active fire 

suppression (Umbanhowar Jr., 1996). These factors shaped grasslands into what they are 

today. 

 Wildfires are most common in the eleven western states in the United States, with 

more than 73,000 wildfires occurring each year, burning an average of 2,832,800 ha of 

private, state, and federal land in the United States (USDA Forest Service, 2019). In 

2017, the Lodgepole Complex fire burned 109,346 ha in Garfield and Petroleum 
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counties, located in eastern Montana. The fire started on 19 July 2017 and was 93% 

contained on 30 July 2017. The fire burned private, Bureau of Land Management (BLM), 

state, and Charles M. Russell wildlife refuge land. The Lodgepole Complex wildfire 

burned through areas that received prescribed fire as part of the BLM’s fuels mitigation 

program, the site we looked at was burned in 2003 (Paul Pauley, personal 

communication). The fire burned in the northern mixed-grass prairie biome, including 

ponderosa pine (Pinus ponderosa Lawson & C. Lawson) grassland and sagebrush steppe 

communities.  

The Lodgepole Complex caused managers to question what the appropriate 

recovery time is for ponderosa pine grassland in the northern mixed-grass prairie. 

Previous research suggested delaying grazing at least two growing seasons following a 

wildfire to allow the plant community to recover (Blaisdell, 1953; Bunting, 1984; 

Bunting et al., 1998). This early research was conducted in Idaho and Oregon where the 

plant communities were predominately bunchgrasses that respond differently to fire than 

northern mixed-grass prairie grasses (Vermeire et al., 2014; Gates et al., 2017b). To 

effectively manage burned areas in the future, we need to understand how these plant 

communities will recover.  

Grazing Effects on Plant Communities 

 Grazing distribution over a landscape can be impacted by slope, distance to water, 

and forage quantity and quality (Bailey et al., 1996).  Livestock will normally spend more 

time grazing in areas with good forage quantity and quality and use past experiences to 

re-graze these sites (Bailey et al., 1996).   
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 Cattle grazing in bunchgrass and ponderosa pine areas of the Central Rocky 

Mountains at a moderate intensity increased soil infiltration and decreased erosion 

(Currie, 1975). When grazing began later in the growing season on these Central Rocky 

Mountain sites, there was less production in the plant community and animals lost weight 

or experienced minimal gains. Bunchgrass and ponderosa pine communities in the Pacific 

Northwest grazed at a heavy, moderate, or low stocking rate negatively impacted animal 

gains and the plant community, produced good animal gains with minimal impacts on the 

plant community, and produced the best animal gains with the healthiest plant 

community, respectively (Skovlin et al., 1976). Bluebunch wheatgrass (Pseudoroegneria 

spicata (Pursh) Á. Löve) responded positively to moderate, season-long grazing, while a 

deferred grazing system improved forage quality and mountain watershed function in 

forested communities (Skovlin et al., 1976). While in the northern mixed-grass prairie, 

grazing systems have a minor influence on plant communities. The greatest impact on 

plant communities is weather, followed by stocking rate and timing of grazing (Vermeire 

et al., 2008).  

Fire Effects on Plant Communities 

Fire Effects on Ponderosa Pine Communities 

Dry ponderosa pine forests that historically experienced low severity fires exhibit 

greater ecosystem function when mechanical thinning of small trees or prescribed fire is 

used (Noss et al., 2006). Re-burning in southern United States ponderosa pine forests 

reduced forest floor litter depth and regenerated seedlings (Westlind and Kerns, 2017).  
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In southwest United States ponderosa pine forests, prescribed burning may be 

able to restore the original ponderosa pine savannah. Fire suppression has increased tree 

density, canopy closure, vertical fuel continuity, water runoff, and surface fuel loading. 

These ecosystem changes decrease tree vigor, herbaceous production, aesthetic values, 

water availability, nutrient availability and wildlife habitat for deer (Covington and 

Moore, 1994).  

In ponderosa pine forests of Oregon, fall fires were more intense than spring, so 

more frequent spring fire was needed for the same effect of intensity (Kerns and Day, 

2018).  Moisture content of soil and duff in forested communities impacts fire behavior 

on the forest floor. If soil and duff have greater moisture content, damage to the soils and 

plant community is reduced. Smoldering and burning of dry duff increase duration and 

dosage of heat, producing lethal mineral soil temperatures (Hartford and Frandsen, 1992).  

Fire Effects on the Northern Mixed-Grass 

Prairie 

Spring burning in the mixed-grass prairie increased production of western 

wheatgrass (Pascopyrum smithii (Rydb.) Á. Löve), and blue grama (Bouteloua gracilis 

(Willd. Ex Kunth) Lag. ex Griffiths). Fall burning increased production of the former 

species to a lesser degree, while threadleaf sedge (Carex filifolia Nutt.) production was 

relatively unaffected by spring burns but decreased with fall burning (White and Currie, 

1983). Increased productivity was observed the first growing season after spring wildfire 

and production tended to be greater on burned areas the second growing season after fire, 

with community composition being unaffected by fire (Gates et al., 2017a). 
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The northern mixed-grass prairie is resistant to summer fire. There was similar 

current-year above- and belowground growth, an increase of cool-season grasses, and a 

decrease of annual grasses following fire. However, precipitation had a greater impact on 

total biomass than fire (Vermeire et al., 2011). One management question was to look at 

replacing burning with mowing. Burned plots had higher forage quality and less of a shift 

in functional group composition compared to the mowing plots, and overall mowing can 

be used as a useful tool for management, but it cannot fully replace the ecological effects 

of fire (Vermeire at al., 2020). 

Fires may also affect the bud banks of plant communities. On prairies, buds may 

account for up to 99% of perennial grass reproduction (Benson and Hartnett, 2006). Fall 

prescribed fire activated western wheatgrass buds while not affecting needleandthread 

(Hesperostipa comata (Trin. & Rupr.) Barkworth) buds. Spring burns increased active 

blue grama buds and summer burns decreased active blue grama buds. Results indicate 

prescribed burns affect activity of the buds of species examined but not bud mortality 

(Russell et al., 2015).  

Bluebunch wheatgrass may be susceptible to fire-induced mortality. Bluebunch 

wheatgrass basal area decreased following fire in a sagebrush grassland (Conrad and 

Poulton, 1966). Conversely, bluebunch wheatgrass experienced no significant plant 

mortality at any of four fire severities by burning individual plants, however, individual 

bluebunch wheatgrass plants had significantly less culm and biomass production with 

severe and moderate burns after 60 days, and took longer to recover to following fire 

(Robberecht and Defosse, 1995)  
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Fire and Grazing Effects on Plant Communities 

 Management plans following fire are aimed at allowing full recovery of the plant 

community. However, data describing grazing effects after fire are not available for many 

plant communities, creating ambiguity in management plans following fire. Managers 

can recommend anything from no rest to five years of rest from grazing after fire (USDA 

Forest Service, 2006; Bureau of Land Management, 2007). The plant community and its 

evolutionary history may determine how long the community will take to recover from 

fire, and if rest from grazing is beneficial. Some plant communities respond positively to 

fire, some respond neutrally, and others respond negatively. If a plant community 

evolved with frequent fire and grazing, often they recover quickly after fire, and can be 

grazed the first year following fire (Vermeire et al., 2014; Gates et al., 2017b).  

Recently burned areas have better forage quality and tend to attract grazers 

(Fuhlendorf et al., 2009). Additionally, the interaction of grazing and fire, or pyric 

herbivory, increases landscape heterogeneity; promoting biodiversity, enhancing wildlife 

habitat, creating grazing patterns more similar to historic patterns, and improving animal 

grazing and rangelands (Fuhlendorf and Engle, 2001). On the Kansas mixed-grass prairie 

it has been recommended to reduce stocking rates following fire by 25 to 75% the first 

season, and 25 to 50% the second season, especially if a pasture is partially burned, 

because cattle will concentrate in the burned areas. Alternatives to reducing stocking rate 

include mowing or burning non-burned areas to better distribute grazing (Launchbaugh 

and Owensby, 1978). This work by Launchbaugh and Owensby is in contrast to newer 

thinking of patch burning. Fire and grazing in patch systems creates a mosaic on 
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landscape the increase heterogeneity, and cattle will graze the recently burned patches 

and decrease invasive species (Fuhlendorf and Engle 2004). Patch burning can be used to 

increase grazing distribution on sites because cattle were attracted to burned patches and 

it increased grazing on non-burned areas that were next to burned patches (Vermeire et 

al. 2004).   

 Grazing can also reduce the severity of fire. Winter grazing reduces fire risk and 

fire intensity by decreasing fine fuels and increasing fuel moisture, which decrease flame 

height, flame depth, and rate of spread (Davies et al., 2015). This winter grazing provides 

a relatively cheap form of fuels management, decreases the risk of native bunchgrass 

mortality, and may decrease the probability of exotic grass invasion. 

In the northern mixed-grass prairie, plant biomass was responsive to weather, but 

fire and grazing after fire had no effect on total herbaceous production compared to sites 

that were not grazed or burned. The combination of grazing and fire increased grass 

production and decreased forb and annual grass production and litter (Vermeire et al., 

2014). Additionally, grazing history (grazed, not grazed) can affect the starting point of a 

plant community which may be expected to impact response following fire. However, in 

northern mixed-grass prairie, grazing and fire produced similar effects, regardless of 

grazing history. Grazing utilization and fire were independent of each other and should 

not impact management decisions (Vermeire et al., 2018).  Cattle preferred to graze 

recently burned patches in the northern Great Plains, due to increases in plant crude 

protein (Powell et al. 2018). As time since fire increased, preference for burned sites 

decreased, and biomass was similar to non-burned sites after two years. 
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Following a spring fire in the northern mixed-grass prairie, June defoliation 

(mowed) plots had the highest current-year production on burned and non-burned sites, 

while July and August defoliation plots were similar to non-mowed plots (Gates et al., 

2017a). Additionally, defoliation effects dissipated after two years, while increases in 

productivity from fire continued into the second growing season following fire. On loamy 

and sandy sites, plant response to grazing after fire was species specific (Gates et al., 

2017b). When grazing was excluded the year following fire, there was more needle-and-

thread on loamy sites and more crested wheatgrass (Agropyron cristatum (L.) Gaertn.) on 

sandy sites. Overall, production was similar between grazed and non-grazed plots within 

the burned area, suggesting a two growing season rest from grazing would not be 

beneficial or necessary. 

Morphological development of plants was similar between haying, mowing, 

grazing, and spring burning treatments (Schacht et al., 1998). All of the treatments 

removed standing dead plant material and improved the grazing value of Conservation 

Reserve Program land.  

In the sagebrush steppe of Oregon, a light to moderate stocking rate following fire 

had no negative effects on canopy cover, production or reproductive capability of plants, 

relative to non-grazed areas. However, a high stocking rate was not sustainable for this 

system (Bates and Davies, 2014). In Idaho bunchgrass communities, bluebunch 

wheatgrass and Idaho fescue plant mortality increased and tiller production decreased 

when sites were grazed early the first growing season after fire (Bunting et al., 1998). 

This effect was lessened if grazing occurred later in the season, and it was recommended 



9 

 

to allow one growing season of rest following fire to allow the bunchgrasses to recover. 

Winter or early spring burns were expected to be less detrimental.  However, 

management recommendations following fire were to restrict livestock grazing for at 

least one growing season, preferably two growing seasons, to allow the plant community 

to establish and set seed (Blaisdell et al., 1982).  

In ponderosa pine forested areas of Oregon, it was reported that excluding grazing 

for five years following spring and fall reburns increased total plant cover, stature and 

reproductive capability of grasses, and cover of native perennial shrubs, while grazing 

following burning increased the non-native invasive species, cheatgrass (Bromus 

tectorum L.) and thistle (Cirsium vulgare (Savi) Ten.) (Kerns et al., 2011). This may 

partially be because these ponderosa pine communities have increased fuel, which can 

lead to greater fire intensity and potential for damage.  

Summary 

 Fire and grazing have been essential parts of many grasslands, including the 

northern nixed-grass prairie, and together maintain and improve grassland productivity 

and function. Other ecosystems did not evolve with as much grazing and fire, because of 

this, some studies have shown negative effects with grazing following fire like in the 

Great Basin. On the northern mixed-grass prairie fire enhances the plant community and 

improves forage quality for grazers on the landscape. Fire and grazing effects following 

fire on northern mixed-grass prairie have been well-documented in recent years. Research 

aimed at elucidating fire and grazing effects following fire on ponderosa pine grasslands 

of the northern mixed-grass prairie is limited. This knowledge gap negatively impacts 
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land managers’ ability to design grazing management plans following fire. Grazing after 

fire in these ponderosa pine communities will likely follow recovery patterns from other 

studies on the northern mixed-grass prairie due to the similar herbaceous plant 

communities, but this has yet to be verified by targeted research. Information from 

ponderosa pine projects will help land managers develop grazing management plans 

following fire that are beneficial to the land, livestock, and the people. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



11 

 

Literature Cited 

1. Anderson, R. C. 2006. Evolution and origin of the Central Grasslands of North 

America: Climate, fire, and mammalian grazers. The Journal of the Torrey 

Botanical Society 133: 626-647.  

 

2. Axelrod, D. I. 1985. Rise of the grassland biome, central North America. The 

Botanical Review 51: 163-201. 

 

3. Bailey, D. W., J. E. Gross, E. A. Laca, L. R. Rittenhouse, M. B. Coughenour, D. 

M. Swift, and P. L. Sims. 1996. Mechanisms that result in large herbivore grazing 

distribution patterns. Journal of Range Management 49: 386-400. 

 

4. Bates, J. D. and K. W. Davies. 2014. Cattle grazing and vegetative succession on 

burned sagebrush steppe. Rangeland Ecology and Management 67:412-422. 

 

5. Benson, E. J. and D. C. Hartnett. 2006. The role of seed and vegetative 

reproduction in plant recruitment and demography in tallgrass prairie. Plant 

Ecology 187: 163-177.  

 

6. Blaisdell, J.P. 1953. Ecological effects of planned burning of sagebrush-grass 

range on the Upper Snake River Plains. USDA Technical Bulletin 1075. 

Washington, D.C. 39pp.  

 

7. Blaisdell, J. P., R. B. Murray, and E. D. McArthur. 1982. Managing 

intermountain rangelands: Sagebrush-grass ranges. USDA Technical Report 

84401. Ogden, Utah.  

 

8. Bunting, S. C. 1984. Fire in sagebrush-grass ecosystems: Successional changes. 

IN: Sanders, K. and J. Durham (ed). 1984. Rangeland Fire Effects. A Symposium. 

USDI-Bureau of Land Management, Boise, ID. P. 7-12. 

 

9. Bunting S. C., R. Robberecht, and G. E. Defosse. 1998. Length and timing of 

grazing on postburn productivity of two bunchgrasses in an Idaho experimental 

range. International Journal of Wildland Fire 8:15-20. 

 

10. Bureau of Land Management. 2007. H-1742-1 Burned area emergency 

stabilization and rehabilitation handbook. Department of Interior, Washington, 

DC, USA.  

 

11. Conrad, C. E. and C. E. Poulton. 1966. Effect of a wildfire on Idaho fescue and 

bluebunch wheatgrass. Journal of Range Management 19: 138-141.  

 



12 

 

12. Covington, W. W. and M. M. Moore. 1994. Postsettlement changes in natural fire 

regimes and forest structure. Journal of Sustainable Forestry 2: 153-181.  

 

13. Currie, P. O. 1975. Grazing management of ponderosa pine-bunchgrass ranges of 

the central Rocky Mountains: The status of our knowledge. USDA Forest Service 

Rocky Mountain Forest and Range Experimental Station Forest Service Research 

Paper: RM-159. 

 

14. Davies, K. W., C. S. Boyd, J. D. Bates, and A. Hulet. 2015. Winter grazing can 

reduce wildfire size, intensity and behavior in a shrub-grassland. International 

Journal of Wildland Fire 25: 191-199.  

 

15. Fuhlendorf, S. D. and D. M. Engle. 2001. Restoring heterogeneity of rangelands: 

Ecosystem management based on evolutionary grazing patterns. BioScience 51: 

625-632. 

 

16. Fuhlendorf, S. D. and D. M. Engle. 2004. Application of the fire-grazing 

interaction to restore a shifting mosaic on tallgrass prairie. Journal of Applied 

Ecology 41: 604-614.  

 

17. Fuhlendorf, S. D., D. M. Engle, J. Kerby, and R. Hamilton. 2009. Pyric herbivory: 

Rewilding landscapes through the recoupling of fire and grazing. Conservation 

Biology 23:588-598.  

 

18. Gates, E. A., L. T. Vermeire, C.B. Marlow, and R.C. Waterman. 2017a. 

Reconsidering rest following fire: Northern mixed-grass prairie is resilient to 

grazing following spring wildfire. Agriculture, Ecosystems, and Environment 

237:258-264.  

 

19. Gates, E. A., L. T. Vermeire, C. B. Marlow, and R. C. Waterman. 2017b. Fire and 

season of postfire defoliation effects on biomass, composition and cover in 

mixed-grass prairie. Rangeland Ecology and Management 70: 430-436. 

 

20. Hartford, R. A. and W. H. Frandsen. 1992. When it’s hot, it’s hot… of maybe it’s 

not! (Surface flaming may not portend extensive soil heating). International 

Journal of Wildland Fire 2: 139-144.   

 

21. Kerns, B. K., M. Buonopane, W. G. Thies, and C. Niwa. 2011. Reintroducing fire 

into a ponderosa pine forest with and without cattle grazing: Understory 

vegetation response. Ecosphere 2: 1-23. 

 

22. Kerns, B. K. and M. A. Day. 2018. Prescribed fire regimes subtly alter ponderosa 

pine forest plant community structure. Ecosphere 9: 1-20.  

 



13 

 

23. Launchbaugh, J. L. and C. E. Owensby. 1978. Kansas rangelands: Their 

management based on a half century of research. Kansas Agricultural Experiment 

Station Bulletin 622 Manhattan, Kansas.  

 

24. Noss, R. F., J. F. Franklin, W. L. Baker, T. Schoennagel, and P. B. Moyle. 2006. 

Managing fire-prone forests in the western United States. Frontiers in Ecology 

and the Environment 4: 481-487.  

 

25. Pauley, Paul. 2018. Personal communication, BLM Fire Management Specialist-

Fuels, Miles City, MT, (406) 233-2816, Oct. 1, 2018.  

 

26. Powell, J., B. Martin, V. J. Dreitz, and B. W. Allred. 2018. Grazing preferences 

and vegetation feedbacks of the fire-grazing interaction in the northern great 

plains. Rangeland Ecology and Management 71: 45-52.  

 

27. Robberecht, R. and G. E. Defosse. 1995. The relative sensitivity of two 

bunchgrass species to fire. International Journal of Wildland Fire 5: 127-134.   

 

28. Russell, M. L., L. T. Vermeire, A. C. Ganguli, and J. R. Hendrickson. 2015. 

Season of fire manipulates bud bank dynamics in northern mixed-grass prairie. 

Plant Ecology 216: 835-846. 

 

29. Sampson, F. B., F. L. Knopf, and W. R. Ostlie. 2004. Great plains ecosystems: 

Past, present, and future. Wildlife Society Bulletin 32: 6-15. 

 

30. Schacht, W. H., A. J. Smart, B. E. Anderson, L. E. Moser, and R. Rasby. 1998. 

Growth response of warm-season tallgrasses to dormant-season management. 

Journal of Range Management 51: 442-446.  

 

31. Skovlin, J. M., R. W. Harris, G. S. Strickler, and G. A. Garrison. 1976. Effects of 

cattle grazing methods on ponderosa pine-bunchgrass range in the Pacific 

Northwest. USDA Forest Service Technical Bulletin 1531 

 

32. Sousa, W. P. 1984. The role of disturbance in natural communities. Annual 

Review of Ecology and Systematics 15:353-391. 

 

33. Umbanhowar JR., C. E. 1996. Fire history of the northern great plains. The 

American Midland Naturalist 135: 115-121.  

 

34. USDA Forest Service. 2006. Interagency burned area emergency response 

guidebook. Interpretation of Department of the Interior 620 DM 3 and USDA 

Forest Service Manual 2523. For the emergency stabilization of federal and Tribal 

Trust Lands: 4.0 

 



14 

 

35. USDA Forest Service. 2019. Managing fire. Available at: https://www.fs.fed.us/ 

science-technology/fire. 

 

36. Vermeire, L. T., J. L. Crowder, and D. B. Wester. 2011. Plant community and soil 

environment response to summer fire in the Northern Great Plains. Rangeland 

Ecology and Management 64: 37-46.   

 

37. Vermeire, L. T., J. L. Crowder, and D. B. Wester. 2014. Semiarid rangeland is 

resilient to summer fire and post fire grazing utilization. Rangeland Ecology and 

Management 67:52-60.  

 

38. Vermeire, L. T., R. K. Heitschmidt, and M. R. Haferkamp. 2008. Vegetation 

response to seven grazing treatments in the Northern Great Plains. Agriculture, 

Ecosystems, and Environment 125: 111-119 

 

39. Vermeire, L. T., R. K. Heitschmidt, and M. J. Rinella.  2009. Primary productivity 

and precipitation-use efficiency in mixed-grass prairie: A comparison of Northern 

and Southern US sites.  Rangeland Ecology and Management 62: 230-239 

 

40. Vermeire, L. T., R. B. Mitchell, S. D. Fuhlendorf, and R. L. Gillen. 2004. Patch 

burning effects on grazing distribution. Journal of Range Management 57: 248-

252. 

 

41. Vermeire, L. T., D. J. Strong, E. A. Gates, C. B. Marlow, and R. C. Waterman. 

2020. Can mowing substitute for fire in semiarid grassland?. Rangeland Ecology 

and Management 73: 97-103 

 

42. Vermeire, L. T., D. J. Strong, and R. C. Waterman. 2018. Grazing history effects 

on rangeland biomass, cover and diversity response to fire and grazing utilization. 

Rangeland Ecology and Management 71: 770-775.  

 

43. Westlind, D. J. and B. K. Kerns. 2017. Long-term effects of burn season and 

frequency on ponderosa pine forest fuels and seedlings. Fire Ecology 13: 42-61.  

 

44. White, R. S. and P. O. Currie. 1983. Prescribed burning in the Northern Great 

Plains: Yield and cover responses of 3 forage species in the mixed-grass prairie. 

Journal of Range Management 36: 179-183.  

 

 

 

 

https://www.fs.fed.us/%20science-
https://www.fs.fed.us/%20science-


15 

 

CHAPTER TWO 

EVALUATING GRAZING EFFECTS ON PONDEROSA PINE GRASSLAND 

FOLLOWING THE LODGEPOLE COMPLEX WILDFIRE 

 
 

Contribution of Authors and Co-Authors 

Manuscript in Chapter 2 

Author: Amanda R. Williams 

Contributions: Assisted with study set-up. Collected and analyzed data. Wrote first draft 

of manuscript. 

 

Co-Author: Lance T. Vermeire 

Contributions: Conceived of and implemented study design. Collaborated on data 

collection and analysis. Supplied feedback on manuscript drafts.  

 

Co-Author: Richard C. Waterman 

 

Contributions: Supplied feedback on statistical analysis and manuscript drafts. 

 

Co-Author: Clayton B. Marlow 

 

Contributions: Supplied feedback on statistical analysis and manuscript drafts. 

   

 

 

 

   
 

 

 

 

 

 

 

 



16 

 

Manuscript Information 

Amanda R. Williams, Lance T. Vermeire, Richard C. Waterman, Clayton B. Marlow 

Rangeland Ecology and Management 

Status of Manuscript:  

   X    Prepared for submission to a peer-reviewed journal 

          Officially submitted to a peer-reviewed journal 

          Accepted by a peer-reviewed journal 

_ _  _ Published in a peer-reviewed journal 

 

Published by Elsevier 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



17 

 

EVALUATING GRAZING EFFECTS ON PONDEROSA PINE GRASSLAND 
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Abstract 

There remains a high level of ambiguity around post-fire grazing management. 

The Lodgepole Complex fire burned 109,346 ha in east-central Montana in July 2017, 

including areas previously burned in 2003 by the Bureau of Land Management for fuels 

mitigation. Our objectives were to determine 1) plant community response to grazing or 

rest the first growing season after fire in ponderosa pine grassland communities, and 2) 

whether prescribed fire alters herbaceous plant community response to subsequent 

wildfire. Eight exclosures (25 x 15 m) were built, 4 on reburned area and 4 on wildfire 

area. A 15 x 10 m sampling area in each exclosure was paired with a grazed section 

outside the exclosure. Biomass samples were clipped at peak production, and species 

composition and diversity were measured with point-intercept transects in 2019. 

Differences between grazed and non-grazed sites in 2019 were limited. There was a trend 

for greater old dead biomass on non-grazed wildfire sites and non-grazed reburn sites 

than grazed wildfire sites (P = 0.0600). Forb composition was less on the non-grazed and 

grazed wildfire sites than non-grazed reburn sites (P = 0.0324).  Psoralidium tenuiflorum 

(Pursh) Rydb. trended toward greater composition on non-grazed reburn sites than grazed 

or non-grazed wildfire sites (P = 0.0559). Results indicate this plant community is 
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resilient to post-fire grazing and that prescribed fire 14 years before wildfire had minimal 

impacts on herbaceous community composition.  

Introduction 

 There are more than 73,000 wildfires each year that burn an average of 2,832,800 

ha of private, state, and federal land in the United States (USDA Forest Service, 2019). 

Wildfires have been a part of grassland systems for many years (Sousa, 1984; Axelrod, 

1985; Umbanhowar, 1996; Sampson et al., 2004; Anderson, 2006) and prescribed fires 

have been used as a method of fuel reduction in ponderosa pine communities (Progar et 

al., 2017). Grasslands that evolved with recurrent fire, grazing, and drought, tend to 

recover quickly following disturbance (Sousa, 1984).  

Fire improves forage quality and grazers have historically preferentially selected 

recently burned plant communities (Fuhlendorf and Engle, 2001; Fuhlendorf et al., 2009). 

Purple threeawn (Aristida purpurea Nutt.), a poor forage quality species, had increased 

crude protein, net energy for maintenance, in vitro dry matter digestibility, and total 

digestible nutrients, while acid detergent fiber, neutral detergent fiber and silica 

decreased the first growing season after summer or fall fire (Dufek et al, 2014). Spring 

fire increased forage total digestible nutrients, in vitro dry matter disappearance, and in 

vitro fermentation of preferred forage species more than mowing (Vermeire et al., 2020). 

Additionally, ewes grazing forage in northern mixed-grass prairie the first growing 

season following fire had higher average daily gains in the spring and early summer 

grazing periods than the late summer grazing period (Waterman and Vermeire, 2011). 

Improvements to forage quality following fire tend to be short-lived, suggesting post-fire 
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grazing should be conducted as soon as possible to utilize nutritional advantages, but in a 

manner that minimizes detrimental effects to the plant community (Hilmon and Hughes, 

1965; Gates, 2016).  

Previous research on post-fire grazing effects has produced incongruous results. 

This is not surprising considering different plant communities are known to respond 

differently to disturbance. These inconsistencies hinder a land manager’s ability to 

develop an effective post-fire grazing management plan. Currently, grazing following fire 

may be delayed zero to five years on federally managed lands, with the normal 

recommendation being two years (USDA Forest Service, 2006; Bureau of Land 

Management, 2007). 

In Idaho and Oregon bunchgrass plant communities, at least two growing seasons 

of rest have been recommended following wildfire to allow the plant community to fully 

recover (Blaisdell, 1953; Bunting, 1984; Bunting et al., 1998). Excluding grazing for five 

years following spring and fall re-burns in ponderosa pine areas of Oregon increased 

plant cover and reproductive capability of grasses (Kerns et al., 2011). Part of the concern 

may be due to preferential use of burned sites by animals.  Cattle and deer in British 

Columbia preferred to graze burned bluebunch wheatgrass (Pseudoroegneria spicata 

(Pursh) Á. Löve) plots, with cattle selecting grasses and deer selecting forbs (Willms et 

al., 1980). In Oregon sagebrush steppe, a light to moderate stocking rate for seven years 

following fire had canopy cover and production similar to non-burned sites, while a high 

stocking rate was not sustainable (Bates and Davies, 2014). The Great Basin area did not 
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evolve with intensive grazing or frequent fire, which may mean the plant communities in 

that region are more sensitive to these ecological processes than Great Plains sites.  

 Plant production following fire in northern mixed-grass prairie is primarily driven 

by April-June precipitation, but grazing following fire may increase grass production 

(Vermeire et al., 2014). A rest period the first year following fire had no positive impact 

on the plant community and grazing the first year following fire yielded similar or greater 

production than non-burned areas (Gates et al., 2017a; Gates et al., 2017b; Powell et al., 

2018). Additionally, long-term grazing management affected the community composition 

before fire, but subsequent grazing and fire effects were mostly independent of each other 

(Vermeire et al., 2018). These results indicate contiguous grassland plant communities 

within the northern mixed-grass prairie are resilient to fire and post-fire grazing, but little 

work has been conducted in adjoining ponderosa pine grasslands. Even though prescribed 

fire has been used to reduce fuel loads in ponderosa pine grasslands (Progar et al., 2017), 

little information is available on the interaction between wildfire and grazing following 

fire in this ecosystem. Thus, research aimed at elucidating post-fire grazing effects in 

ponderosa pine grasslands are needed to improve our ability to develop best management 

practices for these ecosystems. 

We evaluated the effects of grazing and rest on ponderosa pine grassland burned 

in the 2017 summer wildfire and adjacent areas treated with prescribed fire and then 

reburned in 2017. The objectives of this study were to determine 1) plant community 

response to grazing or rest the first growing season after fire in ponderosa pine grassland 

communities; and 2) whether prescribed fire alters plant community response to 
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subsequent wildfire. We hypothesized 1) grazing the first growing season after fire in 

ponderosa pine grasslands does not affect vegetative productivity and species 

composition; and 2) prescribed fire before wildfire in ponderosa pine grasslands does not 

affect vegetative productivity or species composition.   

Methods 

Wildfire & Study Sites 

 The Lodgepole Complex wildfire started on 19 July and was 93% contained on 30 

July 2017, burning 109,346 ha in Garfield and Petroleum counties in Montana. The fire 

burned a combination of private, Bureau of Land Management (BLM), state, and Charles 

M. Russell National Wildlife Refuge land.  Our study was conducted on private property 

(27 km northwest of Sand Springs, MT) and BLM grazing allotments. Data were 

collected from two 714-ha pastures. Both pastures were completely burned by the 

Lodgepole Complex wildfire, and one pasture had been burned 14 years earlier by the 

BLM in October 2003 as part of their fuel mitigation program. Pastures were dominated 

by C3 graminoids Pascopyrum smithii (Rydb.) Á. Löve, Hesperostipa comata (Trin. & 

Rupr.) Barkworth, Carex filifolia Nutt., and the C4 grasses Bouteloua gracilis (Willd. Ex 

Kunth) Lag. ex Griffiths. Common forbs were Ratibida columnifera (Nutt.) Wooton & 

Standl., Psoralidium tenuiflorum (Pursh) Rydb., and Logfia arvensis (L.) Holub.. 

Artemisia frigida Willd. was the main shrub present.  

 In June 2018 eight 15 x 25 m grazing exclosures were erected, with four 

exclosures located in a pasture subject to wildfire and four exclosures located in the 

reburned pasture. A 15 x 10 m sampling area within each exclosure was identified. All 
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exclosure locations were randomly located on the Cabbart soils series (Cabbart loam: 

Loamy, mixed, superactive, calcareous, frigid, shallow Typic Ustorthents, 3 to 70 percent 

slopes) (Soil Survey Staff USDA-NRCS, 2002), the predominant soil beneath ponderosa 

pine communities across eastern Montana  

 Precipitation averages 322 mm in Jordan, MT (approximately 64 km east of plots) 

for the water year (October through September) with most of the precipitation occurring 

from April to September. During the year prior and the study period from 2017 to 2019, 

precipitation was 33% less than average, then 33% and 50% greater than average, 

respectively. Precipitation was 215 mm in 2017, 429 mm in 2018, and 483 mm in 2019 at 

Jordan (107mm below average, then107 mm and 161 mm above average), with 40 mm, 

209 mm and 162 mm falling April through June in 2017, 2018 and 2019, respectively, 

with 149 mm being the average amount of precipitation falling April through June 

(National Climate Data Center, 2019). 

Post-Fire Grazing 

 Moderate grazing (50% utilization), was applied to the wildfire pasture the first 

growing season following fire, and to the reburned pasture the second growing season 

following fire. The initial intent was to have grazed and non-grazed plots in each fire 

treatment, but delayed fence repair in the reburn pasture resulted in three treatments – 

grazed wildfire, non-grazed wildfire and non-grazed reburn. Grazing occurred from 10 

July to 7 September 2017 using 186 cow-calf pairs and 10 bulls (0.67 animal unit months 

[AUM] ha-1) in the wildfire pasture and from 6 July to 13 September 2018 using 210 

cow-calf pairs and 11 bulls (0.76 animal unit months [AUM] ha-1) in the reburned 
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pasture. Elk were also present and occasionally observed near the plots, but no evidence 

of elk was found in the exclosures.   

Sampling 

 Biomass sampling occurred at peak production in 2018 and 2019 using 0.25 m2 

quadrats. Production and utilization were estimated the first growing season after fire in 

August 2018 by clipping five quadrats within each exclosure and five quadrats from the 

grazed sites paired with each exclosure on wildfire sites. The difference between standing 

biomass within and outside of the exclosures was assumed to represent grazing utilization 

to that point during 2018 and used to project season-long grazing treatment utilization. In 

July 2019, standing biomass, community composition, and basal cover were sampled. Six 

quadrats were clipped from each exclosure on the wildfire and reburn sites and six 

quadrats were clipped from the grazed wildfire plots. During the 2019 growing season, 

grazed wildfire plots were not grazed prior to sampling. Biomass samples were sorted by 

functional group: C3 grasses, C4 grasses, annual grasses, forbs, and shrubs. Biomass 

samples were dried at 60oC until loss in weight was no longer observed. Total standing 

biomass for each functional group was recorded. Four samples from each functional 

group, from the three treatments were then sorted and used to estimate current-year 

production and previous years’ standing dead (old dead) biomass.  

Community composition was measured using the point-intercept method (Caratti, 

2006). One hundred points were measured at 20-cm intervals for each plot. Observations 

at each point were used to calculate canopy and basal cover. Differences between the 

exclosures (non-grazed) and the grazed sites, were assumed to represent the effects of 
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grazing the first growing season after fire. Basal cover was used to calculate bare ground 

and litter cover. Richness and Simpson’s diversity (1-D) were calculated from transect 

data. Community composition was calculated by individual species and by functional 

groups (functional groups used were C3 grasses, C4 grasses, annual grasses, forbs, shrubs, 

and introduced species). 

Statistical Analysis 

The SAS MIXED procedure was used to perform analysis of variance using the 

15 x 10 m exclosures (n = 8) and grazed sites (n = 4) as the experimental units (Littell et 

al., 2006). Response variables for the mixed linear models were total standing biomass, 

current-year biomass by functional groups, basal cover, species richness, Simpson’s 

diversity, and community composition by species and functional group. Plot was the 

random factor. Frequency was examined to determine whether shifts in composition were 

driven by changes in absolute or relative abundance. Outliers were identified using the 

Generalized Extreme Studentized Deviate Test (Rosner, 1983) and removed from the 

model. Treatment was a fixed-effect explanatory variable. An  level of 0.05 was used to 

identify significant effects and an  between 0.05 and 0.1 was used to identify trends. 

Mean separations using the PDIFF option in SAS were used when significant effects 

were detected.  
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Results 

Biomass 

Average total standing crop in 2018 for grazed wildfire sites was 1168 kg*ha-1 

and the average total standing crop for non-grazed wildfire sites was 1463 kg*ha-1. 

Average grazing utilization was 20% halfway through the grazing period for the wildfire 

pastures, projecting season-long utilization of 40%.  

In 2019, the second growing season after fire and first growing season after 

grazing, no differences in current-year production were detected among grazed wildfire, 

non-grazed wildfire, and non-grazed reburned sites for total biomass nor any of the 

functional groups (Table 2.1). There was a trend for less old dead biomass in grazed 

wildfire than the non-grazed treatments (394 kg*ha-1 vs 658kg*ha-1 vs 635 kg*ha-1; P = 

0.0600), closely reflecting the estimated utilization of 40% the prior growing season 

(Figure 2.1).  

Community Composition and Cover 

 There were 42 herbaceous species measured across the 12 plots, 35 of which were 

native. Species richness was similar among grazed wildfire, non-grazed wildfire, and 

non-grazed reburned sites (13.5 vs 14 vs 17.25  1.39; P = 0.1737). Simpson’s Diversity 

Index was similar between grazed wildfire, non-grazed wildfire, and non-grazed reburned 

sites (0.77 vs 0.76 vs 0.83   0.03; P = 0.2523). The relative abundance of forbs was 

greater on non-grazed reburn sites than grazed and non-grazed wildfire sites (P = 

0.0324).  Otherwise, functional group composition was similar across grazing and fire 

treatments (Table 2.2). The increase in forbs is largely explained by P. tenuiflorum. There 
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was a trend for a greater composition of P. tenuiflorum on non-grazed reburn sites than 

grazed or non-grazed wildfire sites (5.01% vs 0.66% vs 0.23%  1.20; P = 0.0559). 

Additionally, there was a trend for greater frequency of Taraxacum officinale F. H. Wigg. 

on grazed wildfire sites, with non-grazed wildfire sites having an intermediate amount 

and non-grazed reburn sites the least amount (1.00% vs 0.25% vs 0.00%  0.28; P = 

0.0963). Litter cover (P = 0.8347) and bare ground (P = 0.7586) were each similar 

among grazed wildfire, non-grazed wildfire, and non-grazed reburned sites (Figure 2.2).  

Discussion 

 Results supported our hypothesis that grazing the first growing season after fire in 

ponderosa pine grasslands does not affect vegetative productivity and species 

composition. Similarities in species richness and diversity indicate grazing the first year 

after fire had minimal impacts on the plant community. Total current-year production and 

functional group current-year production corresponded to previously reported grazing 

effects following fire on the northern mixed-grass prairie (Vermeire et al., 2014; Gates et 

al., 2017a; Gates et al., 2017b). Similarities among fire-grazing treatments the first year 

after fire follow results from the sagebrush steppe of Oregon (Bates and Davies, 2014) 

and the shortgrass steppe (Augustine and Milchunas, 2009). Greater than average to near 

normal precipitation following fire may have influenced community response. However, 

Vermeire et al. (2011) reported similar current-year biomass production between burned 

and non-burned sites following summer fire during both wet and dry years. Even if there 

had been below average precipitation during the study period, there could have been 
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similar current-year production among treatments, with differences being between old 

dead biomass. If the graze year is dry then there is less old dead biomass, with the 

difference between grazed and non-grazed being smaller, and if the graze year was really 

productive, as assumed in a wet year, there would be more old dead biomass the next 

year, so the difference between grazed and non-grazed would be greater. If only part of 

the pasture burned then there is a possibility that there would have been a greater 

amounted of old dead biomass on the parts that did not burn with the forage on these 

areas being lower in quality, and the burned patches having less old dead material and 

greater forage quality (Vermeire et al., 2004; Waterman and Vermeire, 2011). Because of 

this, grazing will likely be greater on the burned areas than on the unburned areas.  

 Results support the hypothesis that prescribed fire before wildfire in ponderosa 

pine grasslands did not affect vegetative productivity and species composition of 

herbaceous sites within ponderosa pine grasslands. There were few differences between 

the reburn sites and the wildfire sites. Historically, the study area likely experienced a fire 

return interval of 6-10 years (Wright and Bailey, 1982), suggesting there would be few 

plant community differences between a non-burned area and an area burned 14 years 

prior to the wildfire. The increase in forb composition on the reburn sites can be 

explained by P. tenuiflorum. This species is a legume, which has a hard seed coat that 

normally requires scarification for germination and has seen an increase on the tallgrass 

prairie following fire (Towne and Knapp, 1996). Though it is hard to say if these changes 

are due to the history of fire, or if there were preexisting site differences, because we did 

not have any pre-fire data.  There may have been differences at the landscape level that 
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our study did not address to the extent that the initial prescribed fire affected pine cover 

and density. Additionally, firefighters on the Lodgepole Complex reported milder fire 

behavior when the wildfire burned into areas previously treated with prescribed fire. 

These areas that were previously treated with the prescribed fire likely had less of a pine 

density which caused the fire to burn less severe. In the areas where the pine density was 

greater is where the fire likely burned hotter, and would take longer to recover, though 

often these sites do not have much herbaceous material in the understory,  just duff and 

debris below (Covington and Moore, 1994).  

Implications 

 This project indicates moderate post-fire grazing has few impacts on ponderosa 

pine grassland in the northern mixed-grass prairie. These results suggest land managers 

may moderately graze these grasslands the first-growing season following fire without 

harming the plant community. Prescribed fire 14 years prior appears to have little impact 

on the herbaceous plant community response to wildfire at the patch level, but fire return 

intervals could alter plant community response. 
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Figures and Tables 

Table 2.1. Total current-year (Total), current-year cool season (C3), current-year warm 

season (C4), current-year annual grass (AG), and current-year forb biomass means, 

standard errors of the mean, and P-values of wildfire grazed (Grazed), wildfire non-

grazed (Nongrazed), and reburned non-grazed (Rx Nongrazed) treatments. 

Component Grazed Nongrazed Rx Nongrazed SE P-value 

 ------------------------ kg*ha-1 ------------------------  

Total biomass 1038 1097 1087 100 0.9071 

C3 biomass  554 636 590  92 0.8057 

C4 biomass 158 168 138  44 0.8811 

AG biomass 165 89 95  49 0.4668 

Forb biomass 162 203 265  41 0.2795 

 

 

 

 

Figure 2.1. Old dead biomass + standard errors of the mean by wildfire grazed (Grazed), 

wildfire non-grazed (Nongrazed), and reburned non-grazed (Rx Nongrazed) treatments. 

Means with a common letter did not differ (P > 0.05) within the grazing treatment trend 

(P = 0.06).  
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Table 2.2. Cool season (C3), warm season (C4), annual grass, forb, shrub, and introduced 

species composition (%), standard errors of the mean and P-values of wildfire grazed 

(Grazed), wildfire non-grazed (Nongrazed), and reburned non-grazed (Rx Nongrazed) 

treatments. 

Functional Group Grazed Nongrazed Rx Nongrazed SE P-Value 

C3 Grasses 47.58 50.15 35.67 8.52 0.3637 

C4 Grasses 24.76 27.53 27.26 5.10 0.9152 

Annual Grasses 18.45 11.28 18.63 6.24 0.6013 

Forbs      8.66 b      9.65 b    17.36 a 1.88 0.0324 

Shrubs   0.55   1.38   1.09 0.58 0.6138 

Introduced Species 22.62 16.43 16.43 6.29 0.7646 

 

 

 

 

Figure 2.2. Basal cover + standard errors of the mean by wildfire grazed (Grazed), 

wildfire non-grazed (Nongrazed), and reburned non-grazed (Rx Nongrazed) treatments. 

Means did not differ (P > 0.05). 
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Abstract 

Post-fire grazing management strategies often include rest from grazing for one to 

five years or no rest. Past research indicates some plant communities can be grazed by 

livestock the first growing season following fire, while other plant communities benefit 

from rest. In July 2017, the Lodgepole Complex fire burned 109,346 ha in east-central 

Montana, including areas where the Bureau of Land Management applied prescribed fire 

in 2003. Our objectives were to determine 1) seasonal defoliation effects on the plant 

community the first growing season after fire and 2) whether defoliation effects are 

altered by prescribed fire preceding the fire. Eight exclosures (25 x 15 m) were built, 4 on 

reburned area and 4 on wildfire area. To determine seasonal defoliation effects, four 

5x10-m plots were established within each exclosure and were mowed to 10 cm in June, 

July, August, or not mowed. Biomass samples were clipped at peak production, and 

species composition and diversity were measured with point-intercept transects in 2019. 

Early defoliation reduced annual grasses (P =0.0071), current-year biomass (P =0.0362), 

old dead (P <0.0001) and trended towards reducing C3 grasses (P =0.0675). No changes 

in functional group composition were detected with transect data, but mowing or fire 

history altered individual species contributions to relative composition. Ratibida 
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columnifera composition was greater on reburn sites (P = 0.0499), while Hesperostipa 

comata composition was greater on wildfire sites (P = 0.0324). There was a trend for 

lower frequency of Pascopyrum smithii in June and August mowed plots, relative to non-

mowed plots (P = 0.0549). Mowing was a more pulse, uniform, non-selective disturbance 

than current grazing practices, producing shifts in plant community composition. 

Introduction 

 Most grasslands evolved with grazing, fire, and periodic droughts (Axelrod, 1985; 

Sampson et al., 2004; Anderson, 2006) and usually recover quickly from these 

disturbances (Sousa, 1984; Vermeire et al., 2014; Gates et al., 2017a; Powell et al., 2018). 

This is especially true in the 11 western states of United States were about 73,000 

wildfires every year that burn an average of 2,832,800 ha of private, state, and federal 

land in the United States every year(USDA Forest Service, 2019).  

 Given the prevalence of wildfires in the western United States, post-fire 

management strategies are an important part of any land management plan, particularly 

plans that include livestock grazing. Previous research on grazing following fire suggests 

plant community response is region or plant community specific, indicating management 

plans following fire are best informed by local research. The period of rest can be 

anywhere from zero to five years, with the most common recommendation being two 

years rest, to fully allow the plant community to recover (USDA Forest Service, 2006; 

Bureau of Land Management, 2007).  

Past studies in Oregon and Idaho indicate deferring grazing for at least two 

growing seasons may be beneficial to bunchgrass plant communities (Blaisdell, 1953; 
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Blaisdell et al., 1982; Bunting, 1984; Bunting et al., 1998). In ponderosa pine forested 

areas of Oregon, excluding grazing for five years after fire increased plant cover and 

reproductive capability of grasses (Kerns et al., 2011) but, Bates and Davies (2014) 

reported that a light to moderate stocking rate on the sagebrush steppe of Oregon can be 

used following fire without negatively impacting the plant community. 

Research from the northern mixed-grass prairie indicated grazing deferment has 

no positive impact on the plant community. Furthermore, grazing the first year following 

fire had a neutral or positive effect on production (Vermeire et al., 2014; Gates et al., 

2017a; Gates et al., 2017b; Powell et al., 2018). These results suggest the northern mixed-

grass prairie is resilient to grazing following fire.  

Long-term grazing management had an impact on initial community composition 

before fire, but subsequent grazing utilization and fire effects were mostly independent of 

each other (Vermeire et al., 2018). Even though plant production after fire is more 

responsive to precipitation than grazing or fire, grazing after fire has been shown to 

increase grass production (Vermeire et al., 2014). Above and below ground production 

were similar between non-burned and summer burned rangeland (Vermeire et al., 2011). 

Spring burns increased western wheatgrass (Pascopyrum smithii (Rydb.) Á. Löve) and 

blue grama (Bouteloua gracilis (Willd. Ex Kunth) Lag. ex Griffiths) production, while 

fall burns increased production to a lesser degree (White and Currie, 1983). Threadleaf 

sedge (Carex filifolia Nutt.) production was unaffected by spring burns and decreased 

with fall burns. Fall prescribed fires activated western wheatgrass axillary buds and had 

no effect on needle-and-thread (Hesperostipa comata (Trin. & Rupr.) Barkworth) buds 
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(Russell et al., 2015). Summer fires decreased active blue grama buds, and spring fires 

increased active blue grama buds. These results indicate fire can manipulate bud banks in 

the northern mixed-grass prairie and may explain why northern mixed-grass prairie 

appears to be more resilient to disturbance than bunchgrass plant communities. The buds 

of these dominant species have no immediate mortality from prescribed burns. 

Forage quality of a plant community improves with fire and decreases as time 

since fire increases. The first summer following fire in the northern mixed-grass prairie, 

ewes grazing recently burned forage had greater average daily gains in the spring and 

early summer grazing period than during a late summer grazing period (Waterman and 

Vermeire, 2011). A poor forage quality species, purple threeawn (Aristida purpurea 

Nutt.), had increased crude protein, net energy for maintenance, in vitro dry matter 

digestibility, and total digestible nutrients, and decreased acid detergent fiber, neutral 

detergent fiber, and silica the first growing season after fire to the point that it was 

comparable to preferred species (Dufek et al., 2014). When compared to mowed sites, 

spring fire increased forage total digestible nutrients, in vitro dry matter disappearance, 

and in vitro fermentation of western wheatgrass and blue grama (Vermeire et al., 2020).  

These results suggest that grazing following fire will be most beneficial to animals when 

grazing occurs the first growing season after fire.  

Previous research on the northern mixed-grass prairie (White and Currie, 1983; 

Vermeire et al., 2011; Vermeire et al., 2014; Gates et al., 2017a) indicate this ecosystem 

is resilient to fire and grazing following fire. Season of use is one of the main factors 

considered in grazing management and could be particularly important for post-fire 
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grazing management. Clipping after fire reduced biomass, tillers, and axillary buds of 

purple threeawn, while increasing these metrics in blue grama and western wheatgrass 

(Russell et al., 2013). Following a spring fire, burned and non-burned plots mowed in 

June had more current-year production than plots mowed in July or August and 

defoliation effects dissipated two years following fire (Gates et al., 2017a). In contrast, 

bluebunch wheatgrass plants were negatively impacted by early season intensive clipping 

and neutrally impacted by late season intensive clipping or low intensity season-long 

clipping (McLean and Wikeem, 1985a). Although prescribed fire has been used in 

ponderosa pine communities to reduce fuel loads and improve ecosystem function 

(Progar et al., 2017), a knowledge gap exists between fire and season of defoliation 

effects on ponderosa pine grasslands in the northern mixed-grass prairie.  

We evaluated the effects of season of defoliation in ponderosa pine grasslands on 

wildfire and reburned sites one-year following fire on the northern mixed-grass prairie. 

The objectives of this study were to determine 1) Plant community response to seasonal 

defoliation the first growing season after fire; and 2) whether defoliation effects are 

altered by prescribed fire preceding the fire. We hypothesized that 1) timing of 

defoliation the first growing season after fire in ponderosa pine grasslands does not affect 

vegetative productivity or species composition; and 2) prescribed fire preceding wildfire 

in ponderosa pine grasslands does not affect vegetative productivity or species 

composition response to defoliation.  
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Methods 

Wildfire & Study Sites 

 The Lodgepole Complex wildfire burned for approximately 11 days (19-30 July 

2017) in Garfield and Petroleum counties of Montana. The 109,346 ha that burned 

consisted of private, Bureau of Land Management (BLM), state, and Charles M. Russell 

National Wildlife Refuge land. Our study was conducted on a combination of private 

property (27 km northwest of Sand Springs, MT) and BLM grazing allotments. Data 

collection was within two 714-ha pastures that were completely burned by the wildfire, 

one of which received prescribed fire in October, 2003 as part of the BLM’s fuels 

mitigation program.  

All sites were randomly selected within areas of the Cabbart soils series (Cabbart 

loam: Loamy, mixed, superactive, calcareous, frigid, shallow Typic Ustorthents, 3 to 70 

percent slopes) (Soil Survey Staff USDA-NRCS, 2002). The Cabbart soil series is the 

predominant soil beneath ponderosa pine communities across eastern Montana.  

Pastures were dominated by C3 graminoids Pascopyrum smithii (Rydb.) Á. Löve, 

Hesperostipa comata (Trin. & Rupr.) Barkworth, Carex filifolia Nutt., and the C4 grass 

Bouteloua gracilis (Willd. Ex Kunth) Lag. ex Griffiths. Forbs present included Ratibida 

columnifera (Nutt.) Wooton & Standl., Psoralidium tenuiflorum (Pursh) Rydb., and 

Logfia arvensis (L.) Holub. Artemisia frigida Willd. was the primary shrub present. 

Precipitation averages 322 mm in Jordan, MT (approximately 64 km east of study 

area) for the water year (October through September) with most of the precipitation 

occurring from April to September. During the study period, and the year prior to the 
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study,  from 2017 to 2019, precipitation was 33% less than average, then 33% and 50% 

greater than average, respectively. Precipitation was 215 mm in 2017, 429 mm in 2018, 

and 483 mm in 2019 at Jordan (107mm below average, then107 mm and 161 mm above 

average), with 40 mm, 209 mm and 162 mm falling April through June in 2017, 2018 and 

2019, respectively, with 149 mm being the average amount of precipitation falling April 

through June (National Climate Data Center, 2019). 

Defoliation Treatments  

Eight 15 x 25 m grazing exclosures were erected in June 2018. Four exclosures 

were in the wildfire pasture and four exclosures were in the reburned pasture. Inside each 

exclosure, four plots (5 x 10 m) were used to measure season of defoliation effects. Three 

of the four plots were defoliated via mowing to a height of 10 cm. This height was 

estimated to be 50% biomass removal in an average year. These defoliation treatments 

were applied on 28 June 2018 (June), 26 July 2018 (July), and 21 August 2018 (August). 

The fourth plot had no defoliation treatment applied and was used as a non-defoliated 

control (non-mowed). Mowed clippings were bagged and disposed of away from the 

exclosures. 

Sampling 

 Sampling occurred in 2019 to measure the effects of the treatment applied in 

2018, which was the first summer following the wildfire in 2017. Standing biomass, 

community composition, and basal cover were sampled during peak production, July 

2019, the second growing season following fire and first growing season after mowing. 

Four quadrats (0.25 m2) were clipped from each mow treatment plot at each exclosure. 
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Biomass samples were collected by functional group (C3 grasses, C4 grasses, annual 

grasses, forbs, and shrubs). Biomass samples were dried at 60oC until a loss of weight 

was no longer observed. Total standing biomass for each functional group was recorded, 

and samples from each functional group were sorted to estimate current-year production 

and previous years’ standing dead (old dead) biomass.  

Community composition was measured using the point-intercept method (Caratti, 

2006), with fifty points measured at 20-cm intervals inside each treatment plot. 

Community composition was calculated by individual species and by functional groups 

(functional groups used were C3 grasses, C4 grasses, annual grasses, forbs, shrubs, and 

introduced species). Transect data were used to calculate canopy and basal cover. Basal 

cover was used to calculate litter and bare ground. Canopy hits were used to calculate 

species richness and Simpson’s diversity (1-D).  

Statistical Analysis 

 The SAS MIXED procedure was used to perform analysis of variance to test the 

effects of fire history (wildfire and reburned), defoliation (June, July, August, and non-

mowed), and their interactions (Littell et al., 2006) with plot as the experimental unit. At 

the subsample level, when outlier values were suspected, they were verified using 

Generalized Extreme Studentized Deviate Test (Rosner, 1983) and removed. Defoliation 

treatment and fire history were fixed effects, and plot was a random effect in models. 

Response variables for the models were total standing biomass, standing biomass by 

functional groups, basal cover, species richness, diversity, and community composition 

by species and functional groups. Frequency was examined to determine whether shifts in 
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composition were driven by changes in absolute or relative abundance. An  level of 

0.05 was used to identify significant effects and an  between 0.05 and 0.1 was 

considered a trend. Mean separations were done using the PDIFF option in SAS when 

significant effects were detected. 

Results 

 Fire history and defoliation did not have interacting effects on biomass or basal 

cover, just on community composition. Therefore, all other results are reported as main 

effects. Fire history and defoliation had similar effects on bare (P = 0.9852; P = 0.3161) 

ground and litter cover (P = 0.9379; P = 0.2958). 

Biomass 

 Fire History. Current-year C3 (540 vs 488 kg*ha-1  35), C4 (162 vs 189 

kg*ha-1  23), annual grass (51 vs 72 kg*ha-1  17), forb (179 vs 224 kg*ha-1  27), and 

total current-year (932 vs 974 kg*ha-1  72) production were each similar between 

wildfire and reburn sites and there was no difference in old dead mass between wildfire 

and reburn sites (444 vs 458 kg*ha-1  37). 

 Defoliation Effects. Relative to non-mowed plots, total current-year 

biomass was 18, 15, and 18% less in June, July and August plots, respectively (P = 

0.0362; Table 3.1). Current-year annual grass biomass was 84% lower in June mowed 

plots relative to the non-mowed (P = 0.0071; Table 3.1), while August and July plots 

were similar to the non-mowed plots. Old dead mass was 35, 37, and 49% less in June, 
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July, and August mowed plots compared to non-mowed plots (P < 0.001; Table 3.1). 

Current-year C3 biomass trended towards being 31% lower in June plots relative to non-

mowed plots (P = 0.0675; Table 3.1). Current-year C4 was similar between mowed and 

non-mowed plots (P = 0.2336; Table 3.1). August mowed plots trended towards having 

47 and 45% less current-year forb biomass than non-mowed and June sites, but was 

similar to July plots (P = 0.0699; Table 3.1)  

Community Composition 

Fire history x Defoliation Effects.  A trend was detected for fire history and 

defoliation to have interacting effects on B. tectorum and Melilotus officinalis (L.) Lam..  

B. tectorum composition trended towards being greater on wildfire non-mowed plots, 

relative to all other plots (0.9 vs 0.00%...  0.18; P = 0.0542) and M. officinalis frequency 

trended towards being greater on wildfire August mowed plots than all other plots (1.5 vs 

0.00%...  0.34; P = 0.0914). Interacting effects of fire history and defoliation treatment 

were observed for Plantago patagonica Jacq. composition and a trend was detected for 

Phlox hoodii Richardson composition. P. patagonica composition was greater in the 

reburn June mowed plots than all other plots (P = 0.048; Figure 3.1) and P. hoodii 

composition (P = 0.0626) and frequency (P = 0.0536) trended towards being greater in 

wildfire July mow plots. 

Fire History. Functional group composition (Table 3.2), species richness (P = 

0.3690) and Simpson’s diversity (P = 0.6758) were similar between wildfire and reburn 

sites. C. filifolia composition was 6% greater on wildfire sites compared to reburn sites (P 

= 0.0417). H. comata (P = 0.0324) and Poa secunda J. Presl (P = 0.049) composition 
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were greater on wildfire sites than on reburned sites. L. arvensis composition trended 

towards being greater on wildfire sites than on reburned sites (P = 0.0503).  V. octoflora 

frequency was greater on wildfire sites than on reburn sites (0.88 vs 0.00%  0.33; P = 

0.0496). Muhlenbergia cuspidata (Torr. ex Hook.) Rydb. (P = 0.0637) and A. purpurea 

(P = 0.0851) and composition trended towards being greater on reburn sites than on 

wildfire sites, though A. purpurea only had an increase in composition and not in 

frequency, so this was a relative increase. Achillea millefolium L. composition was 

greater on reburn sites than on wildfire sites (P = 0.0448). P. tenuiflorum (P = 0.0133) 

and R. columnifera (P = 0.0499) composition was greater on reburn sites than on wildfire 

sites.  

Defoliation Effects. Species richness (9.75 vs 9.5 vs 9.38 vs 9.5  0.75; P = 

0.9875) and diversity (0.70 vs 0.79 vs 0.78 vs 0.76  0.04; P = 0.2600) were similar 

among non-mowed, June, July, and August plots. Functional group composition was 

similar across all defoliation treatments (Table 3.4). B. arvensis had greater frequency on 

July, non-mowed, and August plots, than June plots (13.50 vs 13.25 vs 13.00 vs 1.75%  

3.48; P = 0.0453). There was a trend for differences in frequency from defoliation, but no 

effects on composition of P. smithii. Frequency was greater in non-mowed plots, 

intermediate in July plots, and least in June and August plots (37.00 vs 29.50 vs 17.75 vs 

17.25  5.57%; P = 0.0549). 
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Discussion 

Defoliation the first growing season after fire in this ponderosa pine grassland 

produced slight changes in production and community composition. Uniform defoliation 

reduced total biomass regardless of timing. There were also changes in functional group 

biomass depending on season of defoliation. Early defoliation reduced C3 and annual 

grass biomass, while later defoliation reduced forb biomass. The reduction in C3 biomass 

is likely because defoliation took place during a late active growth period for these 

species (McLean and Wikeem, 1985a; 1985b). While the reduction in annual grasses 

could be because plants had produced inflorescences, but seeds had not yet shattered 

before plots were mowed and clippings removed. The reduction in forbs could be because 

some plants are more vulnerable later in the growing season if there is regrowth or they 

are actively growing (McLean and Wikeem, 1985a), or because many forb species are 

not usually grazed intensely once they mature. Other studies have reported a reduction of 

forbs with June and July defoliation (Pantel et al., 2010) and a decline in forb species 

richness when sites were mowed in the summer (Fynn et al., 2004). Forbs comprised 

approximately 21% of total biomass, indicating shifts in the biomass of these can have an 

impact on wildlife species and on diversity because forbs have an impact on both of 

these.  

 Observed changes in biomass and composition may be short lived. Gates et al. 

(2017a) observed some differences from defoliation the first year following fire on the 

northern mixed-grass prairie, but by the second year following fire, defoliation effects 

were similar. There were no biomass differences between wildfire and reburn sites, 
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though we observed composition and frequency differences between wildfire and reburn 

sites. However, these differences were only observed in individual species, not in overall 

functional groups.  

The increase in C. filifolia, H. comata, P. secunda,  and L. arvensis composition 

on wildfire sites may be due to a lack of disturbance. Fynn et al. (2004) observed C3 

grasses were reduced if disturbance intensity was reduced and dormant season fires, like 

the prescribed fire in October 2003, could have a negative impact on grass production. 

This is interesting because in the northern mixed-grass prairie, summer fire increased C3 

grasses production, and has shown that many of these  C3 grasses are resilient to fire 

(Vermeire et al., 2011). One species in particular, H. comata, has shown to be resilient to 

fire on the northern mixed grass prairie (Haile, 2011; Russell et al., 2015), but in the 

sagebrush stepe of the Great Basin H. comata is vulnerable to fire and is reduced 

following fire (Wright and Klemmedson, 1965) due to the old dead material in bunches 

(Wright, 1971).  Additionally, fires in late summer have reduced ruderal or non-favored 

forbs and annual grass species (Ewing and Engle, 1988).  

We also observed increases of M. cuspidate, A. millefolium, P. tenuiflorum, R. 

columnifera, and a relative increase of A. purpurea on the reburn sites. Recurrent fire in 

the tallgrass prairie increases warm-season grasses (Seastedt et al., 1991; Engle et al., 

1998), while on the northern mixed-grass prairie, fires reduced A. purpurea production 

and basal cover (Strong et al., 2013). Forbs also tended to be more productive on burned 

plots following late growing season fires (Engle et al., 1998). One species in particular, 

P. tenuiflorum, likely saw an increase because it is a legume, and legumes have a hard 
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seed coat, in which scarification is required for germination and there was an increase of 

P. tenuiflorum following fire on the tallgrass prairie (Towne and Knapp, 1996).  

Reductions in overall production were likely due to defoliation treatments that are 

more uniform, pulse, and non-selective than the grazing practices used in the study area. 

Past research indicates that livestock grazing after fire has no effect on community 

production in the sagebrush steppe (Bates and Davies, 2014) and the northern mixed-

grass prairie (Vermeire et al., 2014; Gates et al., 2017b).  

 The changes in overall biomass and functional group biomass indicate timing of 

defoliation the first growing season after fire in ponderosa pine grasslands can impact 

vegetative productivity, but not species composition. The changes in individual species 

composition suggest prescribed fire before wildfire may affect species composition, but 

not at the functional group level.  

Future research aimed at examining varying fire return intervals may affect 

community composition, alter functional group composition, and change the successional 

trajectory of ponderosa pine grasslands of the northern mixed-grass prairie would benefit 

land managers.  

Implications 

 Mowing was a non-selective, uniform, pulse disturbance compared to current 

recommended grazing practices, and produced shifts in plant community composition. 

Our study indicates defoliation the first year following fire can alter vegetative 

productivity of a ponderosa pine grassland community. These effects would likely 

dissipate by the following growing season, as past studies indicate the northern mixed-



52 

 

grass prairie is resilient to defoliation by mowing and grazing. Overall, defoliation 

following fire and fire history had minimal effects on ponderosa pine grassland. Our 

results indicate these plant communities tolerate defoliation the first growing season after 

fire with minimal impact on the plant community.  
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Tables and Figures 

Table 3.1. Total current-year (Total), current-year cool season (C3), current-year warm 

season (C4), current-year annual grass (AG), current-year forb, and old dead biomass 

means (kg*ha-1), standard errors, and P-values of mow treatments.  

Component Non-Mowed June July August SE P-value 

Total   1092 a 896 b 928 b  896 b 81   0.0362 

C3     613 a 423 b 538 ab  482 ab 49   0.0675 

C4        153  217 134  198 32   0.2336 

AG     92 a  15 b   51 ab    89 a 20   0.0071 

Forb    234 a 240 a 204 ab  128 b 35   0.0699 

Old Dead   647 a 420 b 407 b  329 b 37 <0.0001 

 

 

 

Table 3.2. Cool season (C3) grasses, warm season (C4) grasses, annual grasses, forbs, 

shrubs, and introduced species composition (%), standard errors of the comparison and P-

values of wildfire and reburned plots.   

Functional Group Wildfire Reburned SE P-Value 

C3 Grasses 53.02 43.21 8.25 0.2477 

C4 Grasses 27.58 33.77 7.04 0.3886 

Annual Grasses 8.51 9.33 3.52 0.8175 

Forbs 9.83 13.26 3.65 0.3575 

Shrubs   1.07 0.42 0.59 0.2869 

Introduced Species 14.72 10.44 4.54 0.3561 
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Table 3.3. Fire history effects on species composition (%) across wildfire and reburned 

plots with standard errors and P-values.   

Functional Group Wildfire Reburned SE P-Value 

Carex filifolia 8.69 2.37 2.75 0.0417 

Hesperostipa comata 9.40 2.35 3.63 0.0324 

Poa secunda 2.61 0.56 0.69 0.049 

Muhlenbergia cuspidata T 3.91 1.94 0.0637 

Achillea millefolium T 1.45 0.50 0.0448 

Logfia arvensis 5.89 0.44 2.16 0.0503 

Psoralidium tenuiflorum T 3.80 0.99 0.0133 

Ratibida columnifera 1.66 5.88 2.04 0.0499 

 

 

 

 

Figure 3.1. Interaction effects between fire history and defoliation on percent 

composition on Plantago patagonica. Estimates of percent composition + standard error 

of the mean. Means with similar letters did not differ (P>0.05).  
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Table 3.4. Cool season (C3) grasses, warm season (C4) grasses, annual grasses, forbs, 

shrubs, and introduced species composition (%), standard errors of the comparison and P-

values of defoliation treatments.   

Functional Group Non-Mowed June July August SE P-Value 

C3 Grasses 50.96 45.40 59.94 36.15 11.67 0.2533 

C4 Grasses 24.95 36.49 19.86 41.40 9.95 0.1435 

Annual Grasses 11.10 2.00 8.55 14.02 4.98 0.1287 

Forbs 11.92 14.96 10.87 8.43 5.16 0.6534 

Shrubs 1.06 1.14 0.77 0.00 0.83 0.5118 

Introduced Species 13.91 6.91 12.32 17.18 6.42 0.4617 
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CHAPTER FOUR 

CONCLUSIONS 

 The Lodgepole Complex wildfire and this study provided us insight into how 

ponderosa pine grasslands in the northern mixed-grass prairie respond to fire, grazing, 

and post-fire defoliation. Previous research from the northern mixed-grass prairie 

indicated grazing the first year following fire has neutral or positive effects on plant 

communities. There is still some ambiguity around post-fire grazing management, partly 

due to research from other areas showing that a rest period is beneficial and partly due to 

apprehension around adopting prescribed fire into management plans.  

 Chapter Two demonstrates moderate grazing the first year after fire on ponderosa 

pine grasslands does not affect production or species composition and that prescribed fire 

14 years before wildfire had minimal impacts on herbaceous community composition. 

These results indicate open ponderosa pine communities respond similarly to other plant 

communities in the northern mixed-grass prairie and are resistant to grazing following 

fire. The data, coupled with previous research, suggest moderate grazing the first growing 

season after fire should not be detrimental to this ponderosa pine grassland community. 

These results occurred from two years with above average precipitation, but past research 

from the northern mixed-grass prairie has indicated that the plant community is resilient 

to fire regardless of precipitation (Vermeire et al., 2014).  

 Chapter Three illustrates the effects of an intense uniform defoliation. June 

mowing reduced production but did not alter species composition. This defoliation was 

more intense and uniform than grazing practices that are currently being used in the study 
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area. Prescribed fire 14 years before the wildfire produced minimal shifts in individual 

plant species abundance. Though this study has been illustrative, additional research 

aimed at revealing effects of fire return intervals and fire-grazing interaction effects on 

ponderosa pine communities in the northern mixed-grass prairie would be beneficial.  

 Wildfire is a natural ecological factor and managers utilize prescribed burns to 

improve the health of the ponderosa pine grasslands. Developing a more comprehensive 

understanding of how these plant communities respond to fire can help managers develop 

grazing plans following fire that benefit livestock, livestock producers, and the 

ecosystem. Overall, ponderosa pine grasslands in the northern mixed-grass prairie are 

resistant to grazing following fire one year after fire, indicating rest is not necessary. 

These data will alleviate confusion about grazing management following fire and help 

land managers make decisions that are beneficial to the ecosystem and the people who 

depend on that ecosystem.   
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