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Abstract— Wildfire is an important disturbance in ponderosa pine 
communities in the Black Hills and surrounding areas. Effective management 
of these communities requires an understanding of historical fire regimes. 
This review provides a synthesis of the available scientific literature on 
historical patterns and contemporary changes in fuels, stand structures, and 
fire regimes in these woodlands and forests. Twelve fire history studies 
covering 27 sites indicate that historical mean fire-return intervals for low-
severity fires ranged from about 5 to 33 years in these communities, and 
that fire frequency generally increased and fire severity was more variable 
with increasing elevation and moisture availability. Low-severity surface fires 
were most frequent in low-elevation ponderosa pine savannas, somewhat 
less frequent in low- to mid-elevation ponderosa pine woodlands and 
forests, and least frequent in high-elevation ponderosa pine and white 
spruce forests in the Black Hills region. Occasional mixed-severity fires likely 
occurred in the two higher elevation community types when, during low-
severity surface fires, small patches (<250 acres (100 ha)) sometimes burned 
with high-severity. Frequent fire in ponderosa pine forests and woodlands 
maintained considerable structural and spatial heterogeneity. After the late 
1800s, fires became less frequent due to increased settlement, logging, 
altered grazing patterns, and fire exclusion. These changes contributed to 
changes in stand structure and fuel characteristics in ponderosa pine 
communities which grew more dense and expanded into surrounding 
prairies and savanna openings. Presettlement fire sizes are difficult to 
estimate, so it is uncertain whether contemporary fire sizes differ from 
historical ones on average. Fire records from the Black Hills National Forest 
indicate that about half of the fires since 1910 were small (<988 acres (400 
ha)); however, most very large fires (>10,000 acres (4,046 ha)) occurred 
since 2000. This is likely due to increased tree density and fuel continuity, 
along with increasing temperatures and incidence of drought. Future climate 
changes will likely result in earlier snowmelt and longer fire seasons, and 
may increase the likelihood of large, high-severity fires. 

 

 

Whaley Prescribed Fire in the Black Hills National 
Forest north of Hill City, South Dakota, October 
28, 2016. Photo credit: U.S. Forest Service. 

 

https://www.feis-crs.org/feis/
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INTRODUCTION 

This Fire Regime Synthesis brings together information from two sources: the scientific literature as of 
2017, and the Biophysical Settings (BpS) models and associated Fire Regime Data Products developed by 
LANDFIRE. This synthesis:  

• provides information on historical fire regimes and contemporary changes in fuels and fire 
regimes, 

• identifies areas lacking fire history data, 
• supplements information provided by FEIS Species Reviews, and 
• assists LANDFIRE with data revisions. 

As of 2017, most of the literature used to describe fire regimes in these communities was comprised of 
fire history studies that used composite fire-scar data from locations in the Black Hills; only a few of 
these fire history studies were conducted in ponderosa pine communities in the surrounding areas. 
None of the available studies used soil or sediment charcoal to reconstruct longer fire histories. 
Consequently, this review describes fire regimes during the past several centuries rather than millennia.  

The term “presettlement” is typically used to refer to the period prior to substantial European-American 
settlement and development (e.g., logging, mining, and railroad construction), which began around 
1890 in the Black Hills region [8,43,91]. Because fire history studies do not consistently use this year as a 
cut-off date, and because we are interested in the potential effects of fire suppression and exclusion on 
fire regime characteristics, in this synthesis we use presettlement to refer to the time before fire 
suppression efforts were effective, which varied throughout the region, but was generally during the 
early 1900s.  

Common names are used throughout this synthesis. For a complete list of common and scientific names 
of important plant species found in these plant communities and links to FEIS Species Reviews, see table 
A3. 

DISTRIBUTION AND PLANT COMMUNITIES 

Geography and Climate 

This review describes ponderosa pine communities in the Black Hills region of South Dakota and 
Wyoming and surrounding areas. The Black Hills are an isolated mountain range in the Great Plains of 
southwestern South Dakota and northeastern Wyoming. They cover an uplifted area of more than two 
million acres (800,000 ha) extending roughly northwest to southeast [73]. From north to south, the 
uplift is about 124 miles (200 km) long and from east to west, it is 62 miles (100 km) wide [52,73]. The 
Black Hills rise more than 3,280 feet (1,000 m) above the surrounding, relatively flat Great Plains [25,52]. 
The surrounding areas covered by this synthesis include portions of southeastern Montana; 
southwestern North Dakota; northeastern Wyoming; and northern Nebraska, including the Pine Ridge 
escarpment and the canyon of the central Niobrara River (figure 1).  

 

 

https://www.feis-crs.org/feis/
https://www.fs.usda.gov/database/feis/glossary2.html#BiophysicalSetting
http://www.landfire.gov/fireregime.php
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Figure 1—Land cover distribution of ponderosa pine communities of the Black Hills and surrounding 
areas based on the LANDFIRE Biophysical Settings (BpS) data layer [68]. Numbers indicate LANDFIRE 
map zones. LANDFIRE did not map every BpS in this group. Click on the map for a larger image. 

The Black Hills uplift is a unique mountain range jutting out of the surrounding Great Plains. Elevations in 
the Black Hills range from around 2,900 to 7,200 feet (900-2,200 m) [52,73]. The Black Hills are wetter 
and cooler than the surrounding Great Plains and support extensive coniferous forests that contrast 
with the adjacent mixed-grass prairies [52,73]. Across the Black Hills there is a gradient of decreasing 
moisture from north to south [37,52,73]. From 1961 to 1990, mean annual precipitation ranged from 
more than 29 inches (740 mm) in the north-central area to less than 16 inches (400 mm) in the 
southeastern portion of the Black Hills [33]. Air temperatures follow a similar pattern with cooler 
temperatures in the north and warmer temperatures in the south [37]. Based on long-term climatic 
records for Rapid City (representative of the middle climate range for the Black Hills region), the average 
high temperature in August is 86 °F (30 °C) and the average low temperature in January is 11 °F (-12 °C) 
[82]. Temperature fluctuations are less extreme in the Black Hills than in the surrounding plains 
[37,73,75].  

 

https://www.feis-crs.org/feis/
http://www.landfire.gov/NationalProductDescriptions20.php
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Plant Communities and Site Characteristics 

Rocky Mountain ponderosa pine (hereafter, ponderosa pine) dominates many plant communities in the 
Black Hills region [28,36,73,86,117]. See the FEIS Species Review of Rocky Mountain ponderosa pine for 
detailed information on the natural history and fire ecology of this species. Ponderosa pine grows 
prolifically [14], particularly at mid to high elevations [73], and dominates 95% of the Black Hills' forests 
and woodlands [87,108] (figure 2). Favorable moisture conditions and frequent seed crops help 
ponderosa pine grow very densely in many areas of the Black Hills if not thinned by disturbance [80]. 
Grasslands are extensive at low elevations and include both dry and mesic mixed-grass and mesic 
tallgrass prairies [48,72,83].  
 

 
Tree cover generally increases with increasing elevation and moisture in the Black Hills. Ponderosa pine 
communities with 10% to 25% tree cover are referred to as savannas, 25% to 60% tree cover as 
woodlands, and those with >60% tree cover as forests [72]. Ponderosa pine savannas occur on dry, low-
elevation sites in the Black Hills region in the prairie-woodland ecotone [48,72,73] and often include a 
robust grass layer [73]. At the highest elevations, woodlands and forests may be dominated by 
ponderosa pine or by white spruce on mesic sites [73]. Woodlands and forests in this region grow 
primarily on sandy loam to clay loam soils [52].  

An endemic grassland community, the Black Hills montane grassland, occurs at elevations above 5,100 
feet (1,500 m) throughout the Black Hills, but it is best developed on the Limestone Plateau in the high 
western Black Hills above 5,900 feet (1,800 m) [72]. This community intersperses with some of the 
upper elevation ponderosa pine communities discussed in this synthesis. Prairie dropseed, Richardson’s 
needlegrass, and timber oatgrass dominate this community [72]. Marriot and others [72] provide 
detailed descriptions of grassland types. Fire regimes for grasslands are not specifically addressed in this 
synthesis. 

This synthesis groups Black Hills ponderosa pine communities by elevation and moisture gradients, and 
by plant community structure and composition into three types: 1) ponderosa pine savanna, 2) low- to 
mid-elevation ponderosa pine woodland and forest, and 3) high-elevation ponderosa pine and white 

 

Figure 2—Rocky Mountain ponderosa pine grows prolifically and regenerates abundantly in the 
Black Hills. Photo Credits: US Forest Service [42]. 

https://www.feis-crs.org/feis/
https://www.fs.usda.gov/database/feis/plants/tree/pinpons/all.html
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spruce forest. These types are derived from NatureServe’s Ecological Systems [83] and LANDFIRE’s BpSs 
[66]. Ponderosa pine community type for each study site was assigned based on location, elevation, 
and/or aspect if the plant community was not adequately described.   

Ponderosa pine savanna (includes NatureServe Ecological Systems: Northwestern Great Plains Canyon 
and the savanna variant of the Northwestern Great Plains-Black Hills Ponderosa Pine Woodland and 
Savanna; and BpS series: 11790 [65],11792 [64]). 

Ponderosa pine savanna is widely distributed and occurs mostly between 3,200 and 4,400 feet (900-
1,300 m) on relatively dry sites where mean annual precipitation is approximately 15 to 18 inches (380-
460 mm) [33,48]. In the southern Black Hills it also occurs on southern aspects at elevations up to 5,700 
feet (1,700 m) [64]. Along the Nebraska and South Dakota border, in areas like the Pine Ridge Ranger 
District of the Nebraska National Forest and the Niobrara River valley, ponderosa pine savannas occur at 
elevations as low as 2,000 feet (600 m) [47,65]. In northwestern Nebraska, ponderosa pine savannas are 
bordered by Sandhill prairie to the south and mixed-grass prairie to the north [47]. 

Ponderosa pine trees in savannas are often stunted [48,75] and grow in scattered patches [72] in a 
mosaic with surrounding grasslands [48,72,75]. Savannas typically have a dense herbaceous layer 
characteristic of the surrounding mixed-grass and tallgrass prairies [64,72]. Commonly associated trees 
include bur oak and Rocky Mountain juniper; common shrubs are common juniper, fringed sagebrush, 
skunkbush sumac, and true mountain-mahogany; and common graminoids include bluebunch 
wheatgrass, little bluestem, sideoats grama, sun sedge, and western wheatgrass [64,65,72]. In the Pine 
Ridge and Niobrara River valley areas of Nebraska, additional common tree species may include eastern 
cottonwood, eastern redcedar, and green ash; and big bluestem is a common grass [65,83]. 

Low- to mid-elevation ponderosa pine woodland and forest (includes NatureServe Ecological Systems: 
Northwestern Great Plains Canyon and the woodland variant of the Northwestern Great Plains-Black 
Hills Ponderosa Pine Woodland and Savanna; and BpS series: 11790 [65],11791 [63]). 

Low- to mid-elevation ponderosa pine woodland and forest occurs in the northern and central Black 
Hills on all aspects, above ponderosa pine savannas and below high-elevation ponderosa pine and white 
spruce forests. Elevation typically ranges from about 4,000 to 6,000 feet (1,200-1,800 m) [72]. 
Ponderosa pine grows more densely and continuously than in the savanna community. These 
woodlands and forests also occur in areas surrounding the Black Hills, including southeastern Montana, 
northcentral Wyoming's Bighorn National Forest, the Pine Ridge in northwestern Nebraska, the central 
reaches of the Niobrara River, and small portions of southwestern North Dakota and northwestern 
South Dakota [65,79,83]. 

Historically, ponderosa pine woodlands occurred in open, park-like stands with an understory of shrubs 
and/or grasses in areas where mean annual precipitation is about 20 to 22 inches (500-560 mm) 
[33,39,48,76]. In the northern Black Hills, where mean annual precipitation is about 24 inches (600 mm), 
ponderosa pine grows in dense forests with fewer shrubs and a more herbaceous understory [48]. 
Marriott and Faber-Langendoen [72] classify these plant communities as part of the 'Dry Coniferous 
Forests and Woodlands' ecological group. Other commonly associated trees include bur oak and Rocky 
Mountain juniper. Common shrubs include chokecherry, common juniper, common snowberry, creeping 
barberry, kinnikinnick, Saskatoon serviceberry, and white spirea. Common graminoids include poverty 
oatgrass, sedges, and roughleaf ricegrass [63,65,72]. In the southern extent of this ecosystem (in the 
Pine Ridge and Niobrara River valley areas of Nebraska), additional common tree species may include: 

https://www.feis-crs.org/feis/
https://www.fs.usda.gov/database/feis/pdfs/other/NatureServe_2013.pdf#page=1483
https://www.fs.usda.gov/database/feis/pdfs/other/NatureServe_2013.pdf#page=285
https://www.fs.usda.gov/database/feis/pdfs/other/NatureServe_2013.pdf#page=285
https://www.fs.usda.gov/database/feis/pdfs/other/NatureServe_2013.pdf#page=1483
https://www.fs.usda.gov/database/feis/pdfs/other/NatureServe_2013.pdf#page=285
https://www.fs.usda.gov/database/feis/pdfs/other/NatureServe_2013.pdf#page=285
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eastern cottonwood, eastern redcedar, green ash, and paper birch; and big bluestem is a common grass 
[65,83]. 

High-elevation ponderosa pine and white spruce forest (includes NatureServe Ecological System: 
Northwestern Great Plains Highland White Spruce Woodland; and BpS series: 10480 [62]) 

This plant community represents a small fraction of the total forested area of this region [52,83]. It 
occurs at the highest elevations (generally above 5,700 feet (1,740 m)) in the central and northern Black 
Hills [72] and occasionally in the subalpine zone of the Bighorn Mountains of north-central Wyoming 
and south-central Montana [79,83]. At lower elevations, this community is restricted to north-facing 
slopes or mesic areas where snow is retained for long periods [83].  

Ponderosa pine or white spruce dominate this community on relatively cool and wet sites [52,72], and 
ponderosa pine is seral to white spruce [52]. Paper birch and quaking aspen are common associates, 
particularly on cool, moist sites throughout the northern part of the Black Hills, often as early 
successional species after fire [87]. High-elevation ponderosa pine and white spruce plant communities 
are included in Marriott and Faber-Langendoen’s 'Mesic Coniferous Forests and Woodlands' ecological 
group, and generally have more than 60% tree canopy cover [72]. Common shrubs include common 
juniper, common snowberry, creeping barberry, grouse whortleberry, kinnikinnick, and twinflower. 
Common forbs include northern bedstraw, roughleaf ricegrass, and Virginia strawberry [62,72]. The 
Black Hills montane grassland community and adjacent ponderosa pine woodlands intersperse with this 
forest community and may influence fire patterns [62,72,75,83].  

Table A1 lists the Biophysical Settings (BpSs) covered in this synthesis, provides links to their 
descriptions, and summarizes data generated by LANDFIRE [66] models. 

 

 

HISTORICAL FUELS AND FIRE REGIMES 

Historical fire regimes of ponderosa pine communities in the Black Hills region varied depending on 
climate, elevation, topography, plant community composition, and forest structure. The fire history 
studies reviewed for this synthesis generally show evidence of frequent surface fires prior to the 20th 
century, with a pattern of decreasing fire frequency with increasing latitude and elevation in these 
communities, as well as a greater incidence of mixed-severity fires on mesic sites where relatively long 
fire-free intervals were part of the record. Historical mean fire-return intervals (MFRIs) reported for low-
severity surface fires ranged from 5 to 33 years in Black Hills ponderosa pine communities. This range is 
similar to MFRI estimates for ponderosa pine communities in the northern Rocky Mountains, but longer 
than those for ponderosa pine communities in the Southwest and southern Rocky Mountains [19,20,23]. 
Estimates of historical fire frequency likely varied depending on the proportion of trees and grasses as 
well as variations in microclimate, topography, and fire reconstruction sampling methods and analyses 
[16,17,19,22,24-26,34,35,88,89,100,103,122]. 

Frequent, low-severity surface fires at intervals of about 5 to 25 years maintained the open, park-like 
structure of ponderosa pine savannas and minimized establishment of trees and shrubs in the 
surrounding grasslands [21,25,34,35,43]. Fire regimes of savannas are influenced by frequent fires in 
surrounding grasslands, which often carry into adjacent savannas and woodlands [25,103]. Fires were 
somewhat less frequent and severity more variable in low- to mid-elevation ponderosa pine woodland 
and forest communities, where low- to moderate-severity surface fires occurred at approximately 11- to 

https://www.feis-crs.org/feis/
https://www.fs.usda.gov/database/feis/pdfs/other/NatureServe_2013.pdf#page=283
https://www.fs.usda.gov/database/feis/fire_regimes/Northern_RM_ponderosa_pine/all.html
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27-year intervals, and infrequent high-severity fires occurred at intervals exceeding 100 years 
[19,22,24,26,122]. Forests at the highest elevations and on cool, mesic sites in the northern Black Hills 
generally had longer historical fire-return intervals (>20 years), and likely burned with mixed-severity, 
with a greater proportion of stand-replacing fires [19,43,101]. Few fire history studies were available for 
these forest types, and fire regime estimates are based primarily on anecdotal historical accounts and 
inferred from forest structure.  

LANDFIRE models estimate presettlement MFRIs of 13 to 28 years for the BpSs covered by this 
synthesis; these fires were mostly low severity but included a small proportion of mixed and 
replacement severity fires (table 1, table A1). 

Table 1—Modeled fire intervals and severities in ponderosa pine communities of the Black Hills and 
surrounding areas [68].  

Fire 
intervala 
(years) 

Fire severityb (% of fires) Number of Biophysical Settings (BpSs) 
in each fire regime group  

Replacement Mixed Low I II III IV V NAc 
13-28 3-11 0-28 61-96 6 0 0 0 0 0 

aAverage historical fire-return interval derived from LANDFIRE succession modeling (labeled "MFRI" in 
LANDFIRE). 
bPercentage of fires in 3 fire severity classes, derived from LANDFIRE succession modeling. Replacement-severity 
fires cause >75% kill or top-kill of the upper canopy layer; mixed-severity fires cause 26%-75%; low-severity fires 
cause <26% [9,67]. 
cNA (not applicable) refers to BpS models that did not include fire in simulations. 

The following sections provide discussions and documentation of historical fire regimes in ponderosa 
pine communities of the Black Hills and surrounding areas. Table A2 summarizes results of the fire 
history studies discussed below.  

• Stand Structure 
• Fire Ignition and Seasonality 
• Fire Frequency 
• Fire Type and Severity 
• Fire Pattern and Size 

Stand Structure 

The ponderosa pine forests and woodlands of the Black Hills historically had considerable structural and 
spatial heterogeneity. The drier and warmer ponderosa pine forests and woodlands, particularly in the 
southern region of the Black Hills, grew in large, relatively open, park-like stands [20,21,39,48,75]. Areas 
of even-aged and occasionally dense forest were also present historically [19-21,26,43,101], especially in 
the central and northern Black Hills [101]. Brown and Cook [21] estimate that ~35% of 112 study plots 
throughout the Black Hills National Forest historically had a low large-tree basal area (0-44 ft2/acre (0-10 
m2/ha)), and 7 plots (~6%) had a large-tree basal area >175 feet2/acre (40 m2/ha). They often found 
relatively dense stands within 300 feet (~100 m) of relatively open stands [21]. The range of stand 
structures across the region created variation in fuel characteristics. See the Fire Type and Severity 
section for information on how stand structure affects fire severity. 

https://www.feis-crs.org/feis/
https://www.fs.usda.gov/database/feis/glossary2.html#FireRegimeGroup
https://www.fs.usda.gov/database/feis/glossary2.html#FireReturnInterval
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The historical extent of dense, even-aged forests is not known, and there is disagreement over what 
processes created these stands. Some researchers conclude that large cohorts of trees established after 
extensive crown fires in the 1700s and 1800s [101]. Others hypothesize that these cohorts established 
after several types of disturbances (e.g., drought, wind, insect outbreaks, crown fires) opened the 
canopy, and extended wet conditions during long intervals between surface fires promoted abundant 
ponderosa pine recruitment and fast growth [18-21]. The age of some tree cohorts in the Black Hills 
coincides with abundant tree establishment in the Bighorn Mountains in Wyoming, supporting the 
theory of synchronized tree recruitment during periods of favorable climate across the northern Great 
Plains [19,20]. 

Fire Ignition and Seasonality 

Presettlement fires in the Black Hills region were started by either lightning strikes or American Indians 
[10,51,90,91,106]. Lightning-ignited wildfires were common and frequent in the summer months 
[24,25,39,50,60,88,89,103,122]. In ponderosa pine savannas of northwestern South Dakota and 
southeastern Montana, an average of 91.7 lightning fires occurred per year per 3,800 miles2 (10,000 
km2) between 1940 and 1981 [50]. During this period, 73% of lightning fires in the northern Great Plains 
occurred in July and August, but some occurred as early as April and as late as September [50]. Records 
from Wind Cave National Park, South Dakota, indicated at least one spring wildfire in March 1910 – a 
year when fires were widespread throughout forests in the West [25,90]. 
 
Researchers have determined with dendrochronology that historical fires typically occurred in the late-
growing to dormant season (i.e., summer-fall) [17,23-25,88]. This seasonal pattern was found in 84% of 
fires from 1565 to 1940 in ponderosa pine savannas and woodlands of the Rochelle Hills area of the 
Thunder Basin National Grassland, Wyoming [88], and in over 87% of fires in the ponderosa pine 
woodlands and forests of both Jewel Cave National Monument, South Dakota, and Wind Cave National 
Park [24,25]. From the Rocky Mountains of Colorado north to central Wyoming, seasonality of fires 
varies from predominantly early season fires in the south to late season fires in the north (P < 0.001), 
presumably because fuels dry earlier at southern latitudes than at northern ones [23].  
 
American Indians contributed to frequent presettlement burning in the Black Hills region [10,51,106], 
but may have done little burning in ponderosa pine woodlands and forests [2,39]. They used fire 
seasonally, mostly in the surrounding Great Plains, to manage vegetation and drive game [51,106]. 
Fisher and others [34] report a higher frequency of fires at Devils Tower National Monument from 1770 
to 1900 (MFRI = 8) compared to the period from 1600 to 1770 (MFRI = 15). They attribute the increased 
frequency to an increase in American Indian populations in the region during that period [34,35]. 
Records from 1630 to 1920 indicate that American Indians burned primarily in two seasonal periods in 
the northern Great Plains: March through May with a peak in April; and July through early November 
with a peak in October [51]. Higgins [51] concluded that these burning patterns were synchronized with 
bison herd movements. Evidence suggests that anthropogenic fires were frequent and widespread, and 
most were small to moderate in size and of short duration [51]. It is unlikely that American Indians 
burned the denser Black Hills forests at all [39]. Accounts suggested that American Indians were 
superstitious of the Black Hills and may have avoided the dense portions because game was scarce, 
hunting and navigating were difficult, and rain and lightning were frequent [2,39].  

https://www.feis-crs.org/feis/
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Fire Frequency 

Methods: Locations of the fire history studies reviewed in this synthesis are shown in figure 3, and 
summary data from these studies are shown in table A2. Study sites were assigned to one of the three 
ponderosa pine community types using plant community descriptions when available, and using 
location, elevation, and/or aspect information when plant community descriptions were not given. We 
analyzed composite MFRIs from each study site to reveal fire frequency patterns (figures 4 and 5); only 
one MFRI was assigned to each study site (i.e., when multiple studies used the same fire-scar data from 
the same sites, only one MFRI was included in our analyses). For example, Brown [19] compiled fire 
chronologies from over 1,000 trees collected at over 50 locations throughout the Black Hills and 
calculated MFRIs between 1700 and 1900 at 19 intensively sampled sites. Fire history data from some of 
these sites are referenced and analyzed in other studies by Brown and others (e.g., [18,20,22,24,25]), as 
noted in table A2. For each site included in table A2, the MFRI from the longest time period studied was 
used in the analyses. Sites that did not report MFRIs were excluded from fire frequency analyses. 

 

Figure 3—Locations of fire history studies conducted in ponderosa pine communities of the Black 
Hills region. See table A2 for study details. Some site locations are approximate and based on study 
descriptions. Click on the map for a larger image and zoom in to see details. 

Our analyses are based on ‘unfiltered’ composite MFRIs, which include all fire years recorded on any 
tree in a given site. Several studies reviewed here [17,24,26,34,122] also reported ‘filtered’ composite 

https://www.feis-crs.org/feis/
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MFRIs, which provide a more conservative estimate of fire frequency by including only fire years in 
which a minimum number of trees (usually 2) and a minimum percentage of trees (usually 10% or 25%) 
were scarred. Analysis of both unfiltered and filtered composite chronologies provides a range of MFRI 
estimates and enables interpretation of fire frequency at multiple spatial scales. MFRIs are typically 
shorter when unfiltered analyses are used, because they include all fires, even those that may have 
burned very small areas. MFRIs are typically longer for highly restrictive filters because they include only 
fires that scar multiple trees, and therefore typically reflect larger or widespread fires. 

Results: Low-severity wildfires were frequent in Black Hills ponderosa pine communities from the late 
1300s to the late 1800s. Fire-scar records from 27 sites indicate that historical MFRIs ranged from about 
5 to 33 years and varied among locations and community types. Sampling methods and length of 
historical records also affected MFRI estimates (table A2) [16,17,19,22,24-26,34,35,88,89,100,103,122]. 

Historical fire frequency generally decreased with increasing latitude and elevation [19,23] (figure 4). At 
northern latitudes and higher elevations, shorter growing seasons and generally cooler conditions 
reduced fire likelihood, resulting in longer intervals between fires [18,23]. Longer intervals between fires 
provided more time for fuels to build up and denser stands to form, resulting in a greater potential for 
high-severity crown fires [18]. In a widespread study throughout the Black Hills, researchers found that 
surface fires burned at 10- to 12-year intervals in low-elevation ponderosa pine savannas, and at about 
20- to 33-year intervals in high-elevation, mesic forests in the northern and central Black Hills [19]. In the 
central Rocky Mountains of Colorado and Wyoming, fires became less frequent with increasing latitude 
from 1600 to 1800 (P < 0.0001), but not from 1700 to 1900 (P = 0.21), suggesting that fire frequencies 
vary through time as a result of long-term climate variation [23]. 
 

Figure 4—Relationship between mean fire-return interval and elevation for all study sites (n = 26) 
(table A2). The MFRI from the longest time period studied for each site was used in this analysis. 
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Although historical MFRIs in Black Hills ponderosa pine communities tend to be relatively short (<35 
years), several studies documented fire-free periods much longer than average. These were attributed 
to variability in fuels, frequency and severity of non-fire disturbances, climate, and recruitment patterns 
[18,19,24,88]. At four sites in low- to mid-elevation ponderosa pine woodlands and forests at Jewel Cave 
National Monument, the longest fire-free periods between 1663 and 1890 ranged from 45 to 79 years 
[24]. In ponderosa pine savanna in the Rochelle Hills Area of Thunder Basin National Grassland, fire-free 
intervals as long as 40 to 56 years occurred during each of the 16th, 17th, and 18th centuries [88,89]. 
Between 1724 and 1753 and between 1785 and 1822 few fires occurred in any of the three Black Hills 
ponderosa pine community types. The latter interval may have enabled the survival of large, even-aged 
tree cohorts that established in the 1770s [19]. These longer than average fire-free intervals within the 
historical record suggest that both periods of frequent fire and fire absence may be climatically driven.  

To include all available fire-scar studies, we used unfiltered composite MFRIs in our analyses; however, 
several studies calculated both unfiltered and filtered composite MFRIs [17,24,26,34,122]. Filtered 
MFRIs are expected to be longer than unfiltered MFRIs (i.e., not all fires are counted). This pattern was 
observed at some sites in our study area [17,24,34], but was not consistent on others [24,26,122]. At 
Mount Rushmore National Memorial in South Dakota, MFRIs differed depending on the type of interval 
calculated (point versus composite) and the size of the sampled area (table 2), but did not differ 
substantially at the landscape scale with a more restrictive data filter. The landscape composite MFRI 
was 16 years (SD 8) when fire dates were restricted to those recorded on 2 or more plots, and 17 years 
(SD 10) when fire dates were restricted to those recorded on at least 25% of plots [26].  

Table 2—Comparison of MFRI data from 1529 to 1893 at Mount Rushmore National Memorial 
calculated at different spatial scales or with different filters [26]. 

Type of interval Sampling area Mean fire-return 
interval (years) 

Scar-to-scar intervals found on 
individual trees (i.e., point fire-return intervals)  1 m2 34 

Plot composite intervals based on fire-scar dates 
from plot trees  266–2,075 m2 27 

Polygon composite intervals based on fire-scar 
dates from both plot and polygon trees  4.77–39.28 ha 24 

Landscape composite fire intervals based on fire-
scar dates recorded in at least two plots 517 ha 16 

Landscape composite fire intervals based on fire-
scar dates recorded in at least 25% of plots  517 ha 17 

A similar comparison in ponderosa pine forests in northern Arizona, revealed that unfiltered MFRIs 
varied with sample size and area sampled, whereas MFRIs calculated using a 25% filter were fairly 
constant when sample size or area sampled varied. This suggests that frequency estimates for large or 
widespread fires are more consistent than those for all fires [118]. 

Several studies found evidence of more frequent fire just before and during the settlement period (circa 
1850-1900) in both forests and savannas within the region [16,34,35,100,103]. At Devils Tower National 
Monument, Wyoming, the MFRI was 25 years between 1312 and 2002, but only 6 years between 1850 
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and 1880 [103]. At Wind Cave National Park, the MFRI was 22 years between 1780 and 1910, but only 
13 years between 1850 and 1910 [100]. In ponderosa pine savanna in the Niobrara Valley, the MFRI was 
5 years between 1850 and 1900 [16]. Fire chronologies from other studies in the Black Hills region (e.g., 
[24,25,122]) recorded frequent fire in the mid- to late 1800s but did not calculate intervals for these 
short periods. Increased fire frequency during this period is attributed to drier climatic conditions or 
increased ignitions by American Indians and early Euro-American settlers [24,25,34,35,100,122]. 

Guyette et al. [45] developed a model to estimate MFRIs for the presettlement period from about 1650 
to 1850 for National Park units throughout the Great Plains region using fire history, temperature, and 
precipitation datasets. We report their results for individual National Park units that fall within the 
geographic range covered by this synthesis in the sections below. The 95% confidence intervals were 2.3 
years for all MFRIs. Because no empirical data were collected for this model, it was not included in the 
fire history summary table A2. 

 

The following discussion of historical fire frequency is organized by three general northwestern Great 
Plains and Black Hills ponderosa pine community types: 1) ponderosa pine savanna; 2) low-elevation 
ponderosa pine woodland and forest; and 3) high-elevation ponderosa pine and white spruce forest. 
Based on the fire history studies reviewed here, MFRIs in these communities increase with increasing 

 

Figure 5—MFRI data reported for fire history study sites in ponderosa pine communities covered 
by this synthesis: Savanna (n=8 sites), low- to mid-elevation woodland and forest (Woodland, 
n=14), and high-elevation forest (Forest, n=4). Box plots show median MFRIs (horizontal line), 
MFRI ranges (whiskers), and outliers (black dots). For each site included in table A2, the MFRI from 
the longest time period studied was used in these analyses. 
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elevation from the savanna (median MFRI=12 years), to the low- to mid-elevation ponderosa pine 
woodland and forest (median MFRI=21 years), to the high-elevation ponderosa pine and white spruce 
forest (median MFRI=28 years) (figure 5). 

Ponderosa pine savanna 

Historical records and fire scar studies from nine sites in Black Hills ponderosa pine savannas indicate 
that low-severity surface fires burned frequently during much of the past 500 years. The study at the 
Rochelle Hills Area reported median FRIs and was not included in figure 5. Historical MFRIs at savanna 
sites ranged from about 5 to 25 years, with a median of 12.2 years (table A2, figure 5). Presettlement 
MFRI estimates were similar, ranging from 5 to 22 years [16,17,19,25,34,35,88,89,100,103]. Wildfire was 
historically more frequent in ponderosa pine savannas than in ponderosa pine woodlands and forests 
likely due to differences in ignition frequency, microclimate, fuel characteristics, and topography 
[24,25,103]. Ponderosa pine savannas are warmer, drier, and more open than woodlands and forests, 
and therefore contain more continuous fine surface fuels (graminoids) [25], making them more likely to 
ignite and carry fire [25,103]. Fires can occur in ponderosa pine savannas even during wet years because 
fine fuels can quickly dry and become flammable. Additionally, fires were likely more frequent in 
ponderosa pine savannas than in other Black Hills ponderosa pine communities because they are 
adjacent to and intermixed with grasslands that burn frequently, and grassland fires are likely to spread 
into adjacent communities as long as there are fuels to carry them [19,25].  

Studies in ponderosa pine savanna at Wind Cave National Park, (locations 15 and 16 from figure 3), 
estimate relatively short presettlement MFRIs, consistent with other savanna sites. Brown and Sieg 
[19,25] estimated MFRIs of 10 to 12 years for surface fires from about 1528 to 1912, and Guyette et al. 
[45] modeled a MFRI of 9 to 11 years between 1650 and 1850. The 1980 Wind Cave National Park Fire 
Management Plan [100] (location 16 from figure 3) documented a MFRI of 22 years between 1780 and 
1910. It is not clear why this MFRI was longer than other estimates from Wind Cave (e.g., [19,25,45]), 
but may have been due to the shorter time period studied. Brown [19] notes that few fires occurred in 
the Black Hills region between 1785 and 1822; this 37-year relatively fire-free period may have 
contributed to the longer MFRI reported in the management plan [100]. 

MFRI estimates for Devils Tower National Monument (locations 2 and 3 from figure 3) range from 11 to 
19 years during the presettlement period [34,35], and a MFRI of 25 years (Weibull median fire interval 
(WMFI) of 20 years) was calculated using data that included intervals from 1312 to 2002, which included 
a 119-year fire-free interval from 1876 to 1995 [103]. Researchers calculated a presettlement MFRI of 11 
years between 1600 and 1900 by using fire dates recorded on any tree in the Monument area; this 
unfiltered estimate includes all fires, even those that only scarred one tree [34]. When calculated using 
fire dates recorded on trees throughout the Monument (i.e., area-wide, or regional fire years), they 
calculated a MFRI of 19 years for the same period  [34,35]. Guyette et al. [45] modeled a MFRI of 10 to 
12 years between 1650 and 1850 for the monument.  

Historical MFRIs from outlying ponderosa pine savanna sites including Little Missouri National Grassland 
in North Dakota, Rochelle Hills Area, and the Niobrara River Valley in Nebraska, range from about 5 to 
20 years and are consistent with those from savannas in the Black Hills [16,17,88,89]. In the Little 
Missouri National Grassland (location 1 from figure 3), for the period from 1598 to 1936 a MFRI of 12 
years (SD 10) was calculated by including fire dates recorded on any of the 18 trees sampled (i.e., 
unfiltered mean), and a MFRI of 20 years (SD 24) was calculated by including only fire dates recorded on 
two or more trees [17]. At the Rochelle Hills Area (location 17 from figure 3), researchers calculated a 
Weibull Median Probability Interval (WMPI) of about 8 years between 1565 and 1940, when fire 
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exclusion became effective in this area. They calculated a WMPI of about 7 years when including 
intervals from 1565 to 1988 [88,89], suggesting that fire exclusion practices did not decrease fire 
frequency in that area. A study in the ponderosa pine woodland bluffs of the Niobrara River Valley, 
adjacent to the northern Sandhills Prairie region in Nebraska (location 18 from figure 3), found a MFRI 
during the settlement period (1850-1900) of about 5 years (SE 0.56) [16]. This unusually short interval is 
similar to what other researchers [24,25,34,35,100,103,122] found during the settlement period. 
Guyette et al. [45] modeled a MFRI of 7 to 10 years for the Niobrara National Scenic River between 1650 
and 1850.  

Low- to mid-elevation ponderosa pine woodland and forest 

During the past several centuries, fires burned slightly less frequently in low- to mid-elevation 
ponderosa pine woodlands and forests than in savannas. Five studies at 14 sites in the Black Hills found 
that low- to moderate-severity surface fires occurred at approximately 11- to 27-year intervals (table 
A2) [19,22,24,26,122], with a median MFRI of 20.9 years (figure 5). Brown et al. [26] also found evidence 
of occasional (>100-year intervals) crown fires that burned small patches (<250 acres (100 ha)) in some 
stands at Mount Rushmore National Memorial. Guyette et al. [45] modeled MFRIs of 11 years for Jewel 
Cave National Monument and 10 to 15 years for Mount Rushmore National Memorial between 1650 
and 1850. 

Studies in low- to mid-elevation ponderosa pine woodlands and forests reported historical MFRIs 
between 16 and 24 years at 9 of 14 sites (table A2). Somewhat shorter MFRIs of 11 to 13 years were 
reported at two sites in the northern and one site in the central Black Hills (locations 4, 5 and 8 from 
figure 3) [19,122], and longer MFRIs of 27 years were reported at two sites (location 12 from figure 3) in 
the central Black Hills [19]. Sites with relatively short MFRIs include the Badger Game Production Area, 
which occurs at the lower elevational range for this community type [122], and the Spearfish Canyon 
site, which was at a high elevation, but located on a southeasterly aspect [19]. However, the shortest 
reported MFRI for this community type (11 years) was in Bear Lodge, Wyoming, on a northern aspect, 
where the MFRI on a nearby site with a southern aspect was 22 years [19]. The two sites with longer 
than average MFRIs (27 years) are in the Upper Pine Creek Research Natural Area of the Black Elk 
Wilderness (location 12 from figure 3) in the central Black Hills [19]. A study that reported median FRIs 
for these sites over a longer historical period found that return intervals range from 11 to 74 years and 
medians were 22 and 23 years at the two sites [22] (table A2). Although this site is not at the upper end 
of the elevation range for this community type, the presence of white spruce in the area suggests that it 
may have characteristics similar to high-elevation ponderosa pine forests, which have longer MFRIs [93]. 

A study at Mount Rushmore National Memorial (location 13 from figure 3) included a variety of 
historical fire and forest structure information based on extensive sampling [26]. Modal fire intervals in 
this study ranged from 11 to 15 years and did not vary across spatial scales; however, MFRI did vary 
across spatial scales (table 2). Between 1529 and 1893, the estimated MFRI was 24 years (SD 14) using 
all fire dates, 16 years (SD 8) using fire dates recorded in at least two plots, and 17 years (SD 10) using 
fire dates recorded in at least 25% of the plots. Point fire-return intervals from individual trees were the 
longest (34 years), which may reflect long fire-free intervals at individual sites or possibly missing scars. 
Composite fire-return intervals were shorter as the area of analysis increased, because more small fires 
were detected. Brown et al. [26] suggest that the landscape MFRI calculated using the 25% filter (17 
years) was the most robust estimate for how often fires burned somewhere in the 1280-acre (517-ha) 
Mount Rushmore landscape. Fire reconstructions there are unique because the park contains some of 
largest and last contiguous stands of unharvested ponderosa pine, and two-thirds of the forest is 
classified as old growth [26], which may provide more evidence of historical fires than heavily managed 
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stands. Guyette et al. [45] modeled a similar MFRI of 10 to 15 years for Mount Rushmore between 1650 
and 1850. 

In a high-density (1,300 to 4,700 stems/ha) ponderosa pine forest at the Badger Game Production Area 
(location 5, figure 3), researchers calculated an unfiltered MFRI (including all fire dates) of 13 years (SD 
10) between 1450 and 1879. When including only fire dates recorded on more than three trees, the 
MFRI was 15 years (SD 11), and when including only fire dates recorded on more than six trees the MFRI 
was 11 years (SD 8) [122], suggesting that years with widespread fires occurred at a frequency similar to 
years with smaller fires. However, sample size was limited for the most restrictive filter, which likely 
affected these results. 

High-elevation ponderosa pine and white spruce forest  

Limited fire history information was available for high-elevation ponderosa pine and white spruce 
forests; however, researchers surmised that this community burned less frequently than lower-
elevation communities [19,62] because it is cooler and wetter. Brown [19] sampled four sites in this 
community (locations 7 and 11 from figure 3); we classified these sites as this community type based on 
elevation and location rather than from specific vegetation descriptions. Brown [19] calculated MFRIs 
for low-severity fires ranging from about 21 to 33 years (median MFRI=27.5 years (figure 5)); however, 
he suggested that 30 to 33 years was a good estimate for MFRIs in the mesic interior forests in the 
northern and central Black Hills, even though sampling was limited, and trees on mesic sites were 
difficult to adequately cross-date because tree rings were difficult to distinguish. Brown has extensively 
sampled throughout the Black Hills and noted that this forest community is rare, and that it was difficult 
to locate older white spruce that would provide a discernible or adequately long fire record. Most 
individuals are less than 150 years old and many established since fire exclusion began [27]. LANDFIRE 
models estimate a MFRI of 28 years for Northwestern Great Plains highland white spruce woodland BpS 
(2910480) [62], which falls within the range estimated by Brown [19] for these four sites.  

Fire Type and Severity 

The abundance of trees throughout the Black Hills region with multiple fire scars that clearly survived 
many fires provides strong evidence for fire regimes dominated by frequent, low-severity surface fires 
[16-20,22,24,25,122]. However, evidence also suggests that fire regimes varied spatially and temporally 
depending on climate, elevation, topography, and plant community composition and structure. Cool, 
moist, woodlands and forests at middle and high elevations likely had occasional mixed-severity fires, 
when during low-severity surface fires, small patches (<250 acres (100 ha)) sometimes burned with high-
severity, passive crown fires [19,20,26,101]. In other words, surface fuels dominated fire spread, but 
individual or patches of trees were sometimes killed by crown fire in areas with high tree density or fuel 
loads [19-21,26]. Researchers at Mount Rushmore National Memorial estimated that 3.3% of the area 
burned in crown fires between 1529 and 1893 and calculated a crown fire rotation of 846 years, 
compared to a surface fire rotation of 30 years for the 1,277-acre (517 ha) landscape during that period 
[26]. NatureServe [83] suggests that in high-elevation forests, stand-replacing fires were likely more 
common on cool, moist sites dominated by white spruce, and surface fires were more common on sites 
dominated by ponderosa pine.  

While most researchers agree that a low-severity surface fire regime was dominant throughout the 
region, and that crown fires were infrequent (>100 years) and affected only small patches [19-21,26], 
there is disagreement in the scientific literature regarding the proportional role of mixed-severity and 
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stand-replacement fires in presettlement ponderosa pine fire regimes in the Black Hills and throughout 
the West [6,18-20,26,85,101,105]. Some researchers speculate that the historical range of variability of 
fire regimes in the Black Hills included common, large, high-severity fires [7,101]. Extensive even-aged 
stands of ponderosa pine are considered by some as evidence for large, stand-replacing fires 
[43,101,110]. Surveys and anecdotal historical accounts of widespread fire years during certain periods 
in the Black Hills (e.g., around 1730 to 1740, 1785, 1790 to 1800, and 1842) are used to support this 
conjecture [43,101,110]. However, many studies identify trees within and nearby even-aged stands that 
established prior to and lived beyond some of these widespread fire years [18-20], indicating that stand-
replacing fires were not homogenous on those sites.  

While large, even-aged stands of ponderosa pine may have established after stand-replacing fires, some 
researchers suggest that they may have established when disturbances other than fire were followed by 
conditions favorable for recruitment [18-21]. Many canopy-opening disturbances are well documented 
in the Black Hills including extreme weather and windfalls [43,98,110], drought [1,20], diseases [98,123], 
and insects [42,52-54,97,98,101]. For example, a major drought in the Black Hills region from about 
1752 to 1762 may have created openings caused by both drought-stress and bark beetle mortality (i.e., 
beetles often invade drought-stressed trees [97,98]) [18-20]. Once disturbances opened the canopy, 
periods of above-average precipitation coinciding with large seed crops likely resulted in large pulses of 
even-aged ponderosa pine establishment [18-21]. Distinct pulses of trees established in the Black Hills 
from 1730 to 1745, in 1785, from 1790 to 1800, and in 1845. These recruitment pulses coincided with 
periods of high precipitation [18,19] and some of the longest fire-free intervals on record [18,24,25]. 
Several studies documented historical fire-free periods in Black Hills ponderosa pine communities that 
were much longer than average [19,24,88,89]. These intermittent, long fire-free intervals helped create 
a course-scale mosaic of dense to open stands with variable fuel characteristics, fire frequency, and fire 
behavior [7,19-21,26,101], and enabled the survival of seedlings establishing during those periods [19]. 

Fire Size and Pattern 

Although little has been published detailing historic fire sizes because we lack methods to precisely 
estimate them, spatial data beginning in 1880 from the Black Hills National Forest indicate that during 
the settlement period (i.e., 1880-1909) fires ranged from 180 acres (73 ha) to 19,159 acres (7,760 ha) 
(figure A1) [115]. Historical forest surveys in the Black Hills [43,110] describe large, dense, even-aged 
tree stands, which Shinneman and Baker [101] interpreted as evidence of large presettlement fires up to 
148,200 acres (60,000 ha). Estimates of fire size from early spatial data and historical forest surveys may 
overestimate historical fire size because these methods may not account for or be able to detect 
evidence of small fires. 

While it is difficult to precisely estimate fire size using fire scar data because not all fires scar trees, and 
it is difficult to determine if fire scars formed in the same year are from one or more fires, we can infer 
some general fire patterns from fire scars. Fires scar trees only where ample fuel has accumulated to 
enable fires to burn long and hot enough to create a scar. Consequently all fire years may not be 
recorded, and fire size and frequency may be underestimated, especially in communities where fuels are 
more limited (e.g., savannas) [17,88]. Based on fire scars recorded before 1900 in ponderosa pine 
savannas, several authors identified fire scars in the same fire years with patchy spatial patterns 
[17,25,88]. Fire years recorded on only one or a few trees in near proximity may indicate relatively small 
fires [17,88]. Fire years recorded on trees large distances from one another—without fire-scarred trees 
in between—may indicate a single large fire that burned with such low severity that it did not leave 
many fire scars [17,88].    
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The fire-scar record indicates several years when fires were widespread throughout the region. Fire-scar 
records showed synchronous fire dates in three or more studies in 1580, 1591, 1684, 1706, 1743, 1753, 
1785, 1807, 1822, 1845, 1863, 1864, 1879, and 1890  [19,22,24-26,34,35,103,122]. All studies recorded 
fires in 1785, including the region-wide study [19] that recorded fires at 80% of sites, indicating fires 
were prevalent and widespread that year. Although fire dates were often synchronous across a 
widespread area, we cannot determine whether these were from separate fires that occurred in fire 
prone years, or from a single large fire, or a complex of merged fires. Large fire years (i.e., multiple trees 
scarred) in the Rochelle Hills area were typically preceded by above average precipitation, leading to 
fine fuels build-up, followed by drought [89]. This area is primarily grassland with small woodland 
patches, so increased dry fine fuels would help fire carry farther and more continuously across the 
landscape. 

CONTEMPORARY CHANGES IN STAND STRUCTURE, FUELS, AND FIRE REGIMES 

Contemporary Changes in Stand Structure and Fuel Characteristics 

Forests in the Black Hills region have been intensively managed for more than 140 years, which has 
greatly altered forest structure and fire patterns. Large-scale timber harvesting began in the late 19th 
century [43], concurrent with the 1876 Black Hills gold rush [8,91], and the first managed timber sale 
from the (now) national forest system came from the Black Hills Forest Reserve in 1899 [8]. Nearly every 
harvestable hectare in the Black Hills has been cut at least once [8,14,76].  

Grazing animals influenced fuel characteristics and forest structure before and after European 
settlement of the region. Large herds of native ungulates in the Great Plains, which sometimes 
completely denuded the prairies of grass, were largely decimated by the late 1800s [5,25,51]. The 
demise of these large herds likely led to increases in fine fuel loads, and may have temporarily 
contributed to more frequent fire (e.g., [5,51]). These migrating herbivores were replaced by abundant 
and more range-limited livestock populations, which reduced fine fuels that were necessary for fire 
spread and subsequently reduced fire occurrences, particularly in the lower elevation ponderosa pine 
woodland and savanna communities [5,21,25,29]. Selective removal of grasses and reduced fire 
frequency favor establishment and spread of woody species into grasslands [5,7,25]. 

Due to increased settlement in the late 1800s, along with the establishment of the Black Hills Forest 
Reserve in 1897 and greater concern for high-severity fire potential, fire exclusion became standard 
practice throughout the region in the early 1900s [39,100]. Organized fire protection began in the Black 
Hills in 1909 with aggressive fire exclusion by 1942 [70]. Fire exclusion became effective in the Rochelle 
Hills area around 1940 [89]. Fire exclusion became the dominant fire management practice during the 
20th century throughout Black Hills region (e.g., [111-113]). However, several national forest 
management plans permit fires to burn in wilderness areas unless they threaten lands or resources 
outside wilderness boundaries [112,116].  

The absence of frequent surface fires and the selective harvesting of large, older trees, have contributed 
to a shift in ponderosa pine forest structure from open-canopy stands composed of mostly large trees, 
to closed-canopy stands of smaller trees [19,21,26,74,76,122]. Forest structure data show that stem 
density and often basal area have significantly increased in current forests compared to historical ones 
[21,26,74]. This density increase has led to substantial loss in the diversity and biomass of understory 
species (e.g., [12,13,39,109,122]). Researchers have noted that after more than a century of fire 
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exclusion, white spruce has established in ponderosa pine forests where it was not present historically 
[27,113].  

Large trees used to account for most of the basal area in Black Hills forests, whereas currently, most of 
the basal area is comprised of small- to medium-size trees [21,26]. From 1874 to 1994, both density and 
basal area of small (< 8 inch (1-20 cm) size class) ponderosa pines in the southern Black Hills increased 
along with a more than 5-fold increase in density overall (P < 0.03) [74]. There was a similar increase in 
density and basal area from 1870 to 2005 in the ponderosa pine forests at Mount Rushmore National 
Memorial. Average basal area increased by 30% and tree density increased more than 4-fold mainly due 
to a large increase in trees less than 8 inches (20 cm) in diameter (P < 0.01) [26]. On average, ponderosa 
pines throughout the Black Hills were larger in 1900 (20-24 inches (51-61 cm) DBH) than in 
contemporary forests (14-17 inches (36-45 cm) DBH) (P < 0.05) [21]. 

Dense forests comprised primarily of small trees are at greater risk of disturbances than forests with 
more variability in forest structure. The simplification of forest structure (e.g., many trees of similar size) 
has contributed to greater fuel continuity both horizontally and vertically and thus increased the 
likelihood of high-severity crown fire in this area [21,113]. Additionally, high density forests with basal 
areas over 120 feet2 per acre (27 m2/ha) and trees 8 to 12 inches or larger in diameter are most at risk 
for mountain pine beetle infestation [42,95-98]. While bark beetle outbreaks were historically common 
in these forests (figure 6) [42,43,98,113], some large and lethal outbreaks have occurred recently, 
particularly in the past two decades [42]. Extensive bark beetle outbreaks may alter fuels and create 
conditions conducive to large, severe wildfires. For example, Lessard [70] noted that the two ‘worst’ 
fires years on record before 1986 (i.e., 1911 and 1985) occurred shortly after two large mountain pine 
beetle infestations in the Black Hills. These events could be related, but the forest may have been 
predisposed to high fire risk by other stress factors (e.g., drought stress or reduced vigor from high tree 
density). Furthermore, recent research has not shown a consistent link [77] and some research suggests 
that insect outbreaks may actually dampen post-outbreak wildfire severity [78]. 

Studies from this region show increased density and expansion of ponderosa pine woodlands into 
surrounding prairies and savannas [13,25,34,35,39,59,74,89,91,98,100,104,122]. In particular, 
photographic studies visually show this trend [57,59,91]. One such study in the Black Hills compared 
historical photographs from an 1874 expedition to photographs of the same sites 100 years later [91]. 
Historical photographs document many more openings, more extensive meadows, and larger areas of 
ponderosa pine savannas than are present today [19,91]. 

Forest expansion into grasslands in the West is often attributed to reduced fire frequency 
[25,34,35,39,61,104,106], although changes in climate and/or increased livestock grazing may also have 
contributed to these modifications [3,58,104]. Brown and Sieg [25] found that fire exclusion was likely 
the major driver of forest expansion into grasslands in the southern Black Hills and that grazing and 
climate had minimal impact. 
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Contemporary Changes in Fire Ignition and Seasonality 

While lightning continues to be the primary ignition source, human-ignited fires increased by the late 
1800s, as Euro-American settlement increased in the Black Hills region [98]. After gold was discovered in 
1874, railroad development expanded in the region [91]. After 1900, railroad ignitions along with brush 
burning and campers (i.e., unintentional human-causes from recreation, mining, and hunting) became 
major sources of fire ignitions in Montana, Wyoming, and South Dakota [90]. Records of over 4,200 fires 
in those states between 1900 and 1911 showed 17.1% of forest fires were caused by railroad ignitions, 
compared to 7.8% started by lightning and 7.5% by campers [90]. Of the 152 recorded fires in the Black 
Hills National Forest in 2012, 66% were lightning-caused and the remaining 34% were human-caused 
[114]. In north-central Nebraska between 2000 and 2013, almost 60% of recorded National Forest fires 
were human-caused [11]. 

Fire seasonality also began to shift in the postsettlement period. A study from the Rochelle Hills area 
determined that the proportion of late-season fires decreased from 84% before 1940 to 57% between 
1940 and 1988, and early-season fires increased from 16% during the historic period to 43% during the 
postsettlement period [88]. The shift in seasonality could indicate more human-caused ignitions, 
possibly in part due to prescribed burning in these forests and woodlands in the latter part of that 
period [12,15,56,92,124]. Prescribed burning is often conducted during spring or late fall, when risk of 
fire spreading to non-target areas is reduced [55]. An FEIS Fire Study Effects of fall and spring fires on 
Rocky Mountain ponderosa pine on the pine-grassland ecotone of the southern Black Hills [55] examines 
effects of cool-season prescribed fires on woody vegetation at Wind Cave National Park and adjacent 
Black Hills National Forest lands in Custer County, South Dakota. 

 

Figure 6—Estimated trees killed annually by mountain pine beetles in the Black 
Hills since 1896 illustrating several large epidemics over time [42].   
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Contemporary Changes in Fire Frequency 

Studies throughout the region clearly identified long fire-free periods and reduced fire frequency after 
Euro-American settlement [16,19,22,24-26,34,35,103,122]; however, fire frequency may be increasing in 
recent decades [115]. Several studies recorded fire-free intervals of over 100 years since the late 1800s 
or early 1900s [19,22,24,25,103,122]. No fires were recorded at sites sampled at Jewel Cave from 1890 
to 1994 [24], in the northern Black Hills from 1879 to 1998 [122], and in Devils Tower from 1876 to 1995 
[103]. A study from Devils Tower reported a MFRI twice as long after 1900 than before [34,35]. In the 
Rochelle Hills area, however, researchers found that fire was slightly more frequent (6.7 years versus 
7.9) but not significantly different (P = 0.69) in the exclusion period (1940-1988) compared to the 
historical period (1565-1939) [88,89]. This may be due to differences in the lengths of time periods 
studied, inadequate sample size during the exclusion period, or the late start of the exclusion period 
(1940). Fire records from the Black Hills National Forest show more than twice as many fires from 1970 
to 2014 than from 1880 to 1969, although most of these contemporary fires were small [115] (see 
Contemporary Changes in Fire Size and Pattern, below).  

Contemporary Changes in Fire Type and Severity  

Fire type and severity have changed since Euro-American settlement due to fire exclusion and 
subsequent increased fuels and forest density. Researchers suggest that in ponderosa pine forests of the 
Mount Rushmore National Memorial, the dominant fire type has shifted from surface to crown fire 
during the period of fire exclusion from the late 19th to early 21st centuries [26]. They compared 
surface and canopy fuel structures between historical forests (circa 1870) and contemporary forests 
(2005) and found that very few plots with historical forest stand structure were likely to fuel crown fires, 
whereas most plots in the contemporary forest could burn with crown fires under moderate to severe 
weather conditions. Increased tree density and greater abundance of young trees with lower crown 
base heights increased the likelihood of both passive and active crown fires in contemporary forests 
[26].  

In the absence of frequent fire over the last century, large, mixed-severity fires may help restore 
historical forest structure in some instances. The largest modern fire in the Black Hills—the 2000 Jasper 
Fire—was a mixed-severity wildfire that burned 83,510 acres (33,795 ha) in six days. Although the dense 
forest burned quickly during extremely dry and windy conditions, fire severity varied throughout the 
burned area, and patches of trees survived [69,98]. Remotely sensed imagery and field sampling 
indicated that the burned area was 25% low-severity, 48% moderate-severity, and 27% high-severity. 
Patches of different burn severities were distributed in a heterogeneous mosaic across the landscape, 
and low-severity patches averaged 25 acres (10 ha), moderate-severity patches averaged 60 acres (24 
ha), and high-severity patches averaged 20 acres (8 ha) [69]. Despite the high-density of contemporary 
forests, 25% of the Jasper Fire burned at low-severity, suggesting that mixed- and low-severity fires are 
possible in contemporary stands. Stand density, the number of large trees, and average tree diameter 
best predicted burn severity in the Jasper Fire. Stands with high tree densities were most likely to burn 
with high severity. Despite extreme weather conditions, subtle variations in forest structure and 
topography influenced fire severity. The authors concluded that fuel treatments that alter forest canopy 
and structure as well as natural disturbances may help reduce future fire severity and help promote low- 
to moderate-severity fires [69]. Similarly, a large crown fire in 1988 in the Rochelle Hills area burned 
extensive areas, however isolated pockets of trees survived in the burned area matrix and created a 

https://www.feis-crs.org/feis/
https://www.fs.usda.gov/database/feis/glossary2.html#ActiveCrownFire
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contemporary vegetation mosaic (as of 1994) that resembled the estimated vegetation mosaic of 1800 
[89]. 

Contemporary Changes in Fire Size and Pattern 

Fires during the postsettlement period likely burned differently than presettlement fires. Whereas 
presettlement fires could burn unhindered as long as fuels were available, postsettlement fires burned 
in a landscape that was increasingly altered and fragmented, and many fires were rapidly suppressed. 
This suggests that presettlement fires were larger, on average, than contemporary fires; however, data 
and estimates for presettlement fire size are limited, and data from the early 2000s indicates an 
increase in mean area burned per fire per year, largely due to an increase in very large fires (>10,000 
acres (>4,046 ha)) (table 3) [115].  

The increased frequency of small fires (<988 acres (400 ha)) in the Black Hills region since 1910, and 
especially since 1970, suggests that mean fire size may have decreased during the postsettlement and 
fire exclusion periods [79,115]. For example, between 1970 and 1996 in the Bighorn National Forest, 
93% of all low-elevation fires were less than 12 acres (4 ha), and no fires were larger than 988 acres (400 
ha) [79]. Fire records from the Black Hills National Forest show that about half (51%) of the fires 
reported from 1910 to 2014 were small, compared to only one (8%) of the fires reported from 1880 to 
1909 (table 3, figure A1) [115]. However, because small fires were more likely to go unreported during 
the early years of record keeping, it is unclear whether mean fire size changed during the early 
postsettlement period.  

Table 3—Fire size records between 1880 and 2014 for the Black Hills National Forest, comparing the 
first 30 years of recorded data to data from subsequent 30-year periods and a 15-year period from 
2000-2014. Data compiled from figure A1 [115]. 

Time 
period 

Number 
of fires 

Mean fire 
size (ha) 

Mean 
area/fire/ 
year (ha) 

Number of 
small fires 
(<400 ha) 

Number of 
large fires 
(400-4,046 

ha) 

Number of very 
large fires  

(>4,046 ha) 

1880-1909 12 1,648 55 1 9 2 
1910-1939 13 1,956 65 7 4 2 
1940-1969 13 1,520 51 5 6 2 
1970-1999 30 1,326 44 16 11 3 
2000-2014 49 2,636 176 26 13 10 

 
A comparison of 30 years of data from 1880 to 1909 (i.e., prior to fire effective exclusion) to subsequent 
30-year periods on the Black Hills National Forest suggests that the number of fires, mean fire size, and 
the mean area burned per fire per year were similar between 1880 and 1970. From 1970 to 2014, the 
number of fires of all size classes increased substantially; and from 2000 to 2014 the mean area burned 
per fire per year increased more than three-fold, and the number of very large fires (>10,000 acres 
(>4,046 ha)) increased five-fold compared to the pre-exclusion period. Of the 19 very large fires 
recorded over the 135-year period, most (53%) occurred since 2000, and only two (11%) occurred 
before 1910 (table 3). Two of the largest fires, the Jasper (2000) and Oil Creek (2012) fires, burned a 
combined 144,850 acres (58,600 ha) and accounted for 25% of recorded acreage burned in the Black 
Hills since 1880 (figure A1) [115]. The pattern of a few large fires accounting for most of the acreage 
burned is consistent with trends across the western United States in recent decades. On federally 

https://www.feis-crs.org/feis/
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managed forests, both the frequency (P < 0.0001) of large wildfires (>988 acres (400 ha)) and total area 
burned in all fires (P = 0.002) have increased each decade since 1973. Although only 1% of all fires were 
larger than 988 acres (400 ha), they accounted for 75% of the total burned area between 1970 and 2012 
[120]. This pattern may be partially explained by improvements in measurements and records for 
contemporary fires, but is also likely due to higher tree density (i.e., increased horizontal and vertical 
continuity of fuels), warmer temperatures, more frequent drought (i.e., longer fire seasons and 
increased flammability of fuels), or a combination of these factors. See the Climate Change section, 
below, for more information on those topics. 
 
Fires started by humans are often larger than natural fires. Fire records from Wind Cave National Park 
show that while 27% of fires between 1910 and 1979 were human-caused, these accounted for nine 
times as many acres burned as lightning-caused fires [100]. Accidental, human-caused fires often 
occurred under severe fire conditions and were therefore more likely to spread and be difficult to 
control, whereas lightning-ignited fires may start under higher moisture conditions (i.e., with rain 
events) or in areas with sparser vegetation (e.g., ridge tops) resulting in smaller fires [100]. 
 
 

Climate Change 

Observed changes and effects  

Observed climate changes in the western United States include warmer than average temperatures and 
increased incidence of drought in recent decades. A 2010 report documented a regional trend of a 2 °F 
(1.1°C) increase in temperature across the northern Great Plains and a 5.5 °F (3°C) increase in 
temperature in parts of Montana, North Dakota, and South Dakota over the 20th century [38]. During 
the same period, precipitation decreased by 10% in Montana, North Dakota, and eastern Wyoming [38]. 
South Dakota experienced extreme drought several times in the 21st century, particularly in 2002, 2003, 
2006, 2012, and 2013 [81]. High temperatures and low relative humidity caused an extremely dry year in 
the Black Hills in 2012 [114]. 

Increasing temperatures and drought are affecting fire regimes and fire seasons across the West, 
including the Black Hills. Based on numerous studies from shortgrass and tallgrass ecosystems primarily 
in the Great Plains region, historical MFRIs got shorter by approximately two years with each 1 °C 
increase in annual mean maximum temperature [103]. More frequent fire in grasslands would increase 
the likelihood of fires moving into adjacent woodlands and forests, like those in the Black Hills. Warmer 
winter and spring temperatures result in either less winter precipitation overall or more precipitation 
falling as rain rather than snow and earlier spring snowmelt [103,119]. This leads to longer growing 
seasons, which leads to more fuel accumulation, shorter fuel drying times, and potentially longer fire 
seasons [103,119]. These changes—together with denser forests—are generally shifting fire regimes to 
larger, longer burning, and potentially more severe fires sometimes occurring outside the historical fire 
season [84,114,119,120]. In the Black Hills, an extremely dry and warm year in 2012 contributed to fires 
starting as early as February, and the fire season continued into January of 2013 [114]. In 2012, the Oil 
Creek Fire burned 61,340 acres (24,823 ha), which is the second-largest fire on record for the Black Hills 
[115]. Similarly, in 2016 and 2017 several fires started atypically early (in early spring) in multiple 
locations of the Black Hills (figure 7) [44]. A high fire danger warning was issued in early March 2017 for 
the entire Black Hills region [40,44].   

Throughout the West, wildfire activity has increased in conjunction with warmer spring temperatures 
and earlier snowmelt [119,120]. A study that examined large wildfire activity on federal lands in the 
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western United States from 1970 to 2003 found that earlier spring snowmelt dates strongly correlated 
with increased annual wildfire frequency and area burned, especially in mid- to high-elevation forests 
[119]. They found that most areas, including the Black Hills, were vulnerable to warmer spring 
temperatures and thus earlier snowmelt dates, which lead to greater cumulative moisture deficit (i.e., 
drier fuels). Overall, 56% of wildfires and 72% of area burned occurred in early snowmelt years (versus 
11% and 4% respectively in late snowmelt years) [119]. In the Middle Rockies Ecoregion (which includes 
the Black Hills), earlier spring snowmelt was correlated with above-average annual area burned between 
1984 and 2012 [84]. On western federal forest lands, both wildfire frequency and area burned increased 
(>500% and >1200%, respectively) between 2003 and 2012 compared to 1973 to 1982 [120]. A 
substantial increase in wildfire frequency and area burned was observed in all decades since the 1970s 
when compared to the preceding decade. Ongoing increase in large wildfire frequency, longer fire 
seasons and fire duration, and earlier snowmelt are contributing to the overall increase in area burned 
[120]. 
 

Historically, regional fire years in the Black Hills were strongly associated with droughts and climate 
circulation patterns in both the Great Plains and Bighorn Basin, rather than antecedent moist conditions 
[19,20]. Linkages between past climate variations, fire years, and tree recruitment patterns suggest that 
wet conditions did not precede large fire years in the Black Hills, although this pattern is often observed 
in the Southwest [19,20]. Because fire was generally less frequent in the Black Hills than in the 
Southwest, longer fire-free intervals, rather than increased antecedant moisture, may contribute to fuel 

 

Figure 7—The human-caused Storm Hill Fire burning in April 2016 east of Hill City, SD. Photo Credit: 
Jim Burk, SDWF, from Great Plains Fire Information blog.  

https://www.feis-crs.org/feis/
http://gpfireinfo.blogspot.com/2016/04/blog-post_23.html
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accumulation. With sufficient fuel, a dry year was the only condition needed for widespread burning to 
occur [19,20]. Regional fire years were strongly associated with climate circulation patterns including La 
Niña years (often associated with dry summers in the Northern Plains region), cool phases of the Pacific 
Decadal Oscillation, and warm phases of the Atlantic Multidecadal Oscillation [20]. 

Predicted changes and effects 

There is widespread agreement that temperatures will continue to rise, but less certainty about 
precipitation projections. With continued rising temperatures leading to hotter and potentially drier 
summers and falls, precipitation will likely shift to more rain and less snow throughout the northern 
Great Plains. Warmer temperatures are predicted throughout the region for the 21st century, with the 
largest increases in the western parts of the Great Plains and more warming in winter and spring than 
summer and fall [38]. In the northern Great Plains, climate models predict that over the next 25 to 50 
years maximum air temperatures will rise 2.7°F to 8.1°F (1.5-4.5°C) in all seasons, with more pronounced 
increases during the summer and fall [71]. At Wind Cave National Park in the southern Black Hills, mean 
temperatures are projected to rise 7.2 °F (4 °C) over the 21st century [5]. Relative humidity is predicted 
to decrease by about 4% to 6% in the summer and fall [71]. Precipitation projections vary. One model 
predicts increased precipitation throughout the region, another predicts increases only across northern 
portions, and a third predicts decreases on the eastern side of the Rocky Mountains [38].  

Predicted future climate changes may result in larger, more severe fires and even longer fire seasons. Liu 
et al. [71] predict that temperature increases and relative humidity decreases, particularly in the 
summer and fall, would increase fire potential. They project future wildfire potential (using the Keetch–
Byram Drought Index) to substantially increase in the northern Great Plains region in all seasons [71].  

Climate change will likely have direct and indirect impacts on vegetation distribution, composition, and 
structure. Vegetation responses to climate variations, especially drought, tend to be most rapid and 
pronounced in forests and woodlands at semiarid ecotones [1], such as those discussed in this synthesis. 
More climate variability could result in other stresses including greater temperature extremes, more 
irregular freeze/thaw patterns, acceleration of tree growth (i.e., leading to increased forest density and 
competition for nutrients), or more turbulent and violent weather events (e.g., [1,30,38]). All of these 
stressors could lead to both direct and indirect mortality (e.g., from bark beetle or disease outbreaks). 
Increased mortality may not only change the distributions of these vegetation communities over time 
but could also lead to changes in fire regimes. 

A dynamic vegetation model predicts somewhat contradicting outcomes for woody plant establishment 
in Wind Cave National Park and similar Black Hills ponderosa pine communities [5]. The model predicts 
that increasing temperatures would constrain tree growth due to reduced water availability, favor shrub 
and grass development, and promote a shift from forests to woodlands. A warmer climate may also lead 
to increased drought, which may increase fire frequency and, in turn, limit woody shrub and tree 
establishment. On the other hand, potential increased precipitation may allow forests to survive large 
temperature increases [5]. 

More information and syntheses on relationships between climate change and fire can be found in 
these reviews [41,49,102,107,121].  
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MANAGEMENT CONSIDERATIONS 

Forest management practices that aim to reconstruct a mosaic of age and structural classes on the 
landscape could help achieve numerous management objectives including: reduced fire hazard, 
increased habitat diversity for understory plant and wildlife species, improved watershed function, 
increased productivity, and improved resilience to disturbances (e.g., bark beetles) [21,42,56,113]. It is 
well documented that stand structure of contemporary Black Hills ponderosa pine communities differ 
from their presettlement condition due to timber harvest, altered grazing regimes, and fire exclusion 
during the past century or longer (e.g., [19,21,26,57,59,74,91]). The contemporary forest lacks the 
heterogeneous structure that was present in presettlement forests, including varied canopy openings, 
stand ages, and densities, as well as patches of large and old trees [20,21,56,113]. These changes have 
altered fuel characteristics and may alter the behavior and effects of contemporary fires [56].  

There is evidence of extended historical periods of both frequent [19,24-26,122] and infrequent fire 
[19,88] in all three Black Hills ponderosa pine community types. These were attributed to variability in 
fuels, frequency and severity of non-fire disturbances, climate, and recruitment patterns [18,19,24,88]. 
Recognizing the natural variability in historical fire frequency within and among ponderosa pine 
community types emphasizes the importance of targeting a range of fire-return intervals in fire 
management plans aimed at reconstructing a mosaic of age and structural classes on the landscape. 

Prescribed fire and mechanical thinning may be used to abate the compounding effects of past 
management practices, increase forest structural heterogeneity, reduce forest density, reduce fuel 
loads, and improve wildlife habitat in these Black Hills plant communities (e.g., 
[5,12,13,15,20,39,56,92,99,100,111,124]). As of 1994, managers at Wind Cave National Park burned 
about 2,001 acres (810 ha) every year, with grasslands burned on a 6- to 7-year rotation and forests on a 
15- to 25-year rotation [5]. However, these practices do not entirely mimic broad ecological effects that 
a functioning natural fire regime would provide. For example, prescribed fires are typically conducted in 
spring or fall, when the risk of escape is lower, whereas presettlement fires were most common in late 
summer, which may affect plant species differently [55]. Mechanical thinning may increase structural 
heterogeneity and reduce fuels and forest density, but may increase soil erosion or compaction [56]. 
Thinning also lacks some benefits to ponderosa pines and other plants that fire provides when forest 
litter and woody debris are burned such as nutrient release, increased pine seedling establishment and 
growth, and possibly improved water absorption into the mineral soil (e.g., [31,32,46,94]). In 2006, the 
Black Hills National Forest adopted an aggressive program to thin mature stands of ponderosa pine to 
reduce the risk of severe fire and vulnerability of stands to the mountain pine beetle [114]. For more 
information on ecological, silviculture, and fuels management in the region see these publications by 
Hunter et al. [56] and Shepperd and Battaglia [98]. 

Forest managers in the Black Hills should in all likelihood plan for increased fire activity (i.e., longer fire 
seasons, larger fires, and increased fire severity). By knowing the range of variability and possible 
extremes, managers can adapt practices to promote resilient ecosystems to withstand future impacts of 
potential extreme disturbance events. 

LIMITATIONS OF INFORMATION 

Fire history information was limited in both high-elevation, mesic ponderosa pine and white spruce 
forests and parts of the ponderosa pine savanna. Only four study sites— three at Riflepit Canyon, 

https://www.feis-crs.org/feis/
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Wyoming in the northwestern Black Hills and one at Gillette Prairie, South Dakota in the central Black 
Hills—were sampled in what we presumed to be high-elevation ponderosa pine and white spruce forest 
community based on them having elevations above 6,000 feet (1,830 m), and all were from one region-
wide fire history study [19]. Two geographical areas of this region were poorly represented in the fire 
history literature. The area along the Nebraska and South Dakota border, including the Pine Ridge 
Ranger District of the Nebraska National Forest and the Niobrara River valley, had only one fire history 
study, published only as an abstract in a 1989 conference proceedings [16]. No fire history studies were 
available for the ponderosa pine communities of southeastern Montana.  More fire history information 
for these areas might add useful insights for managers. 

Fire frequency analyses in this synthesis are based on composite fire intervals because that is what is 
most often reported in the literature. Readers are cautioned to consider the following limitations of 
these analyses.  

Methodology affects estimates of fire-return intervals. Point fire intervals, which are based on fire scars 
from individual trees or small areas, generally under estimate fire frequency because some low-severity 
surface fires do not leave fire scars and some fire scars may be lost due to weathering, decay, or 
overburning of an older scar [102]. Composite fire intervals, which are based on master fire chronologies 
of individual fire-scarred trees over a designated area, are highly dependent on the size of the study 
area. Composite fire intervals tend shorten as the study area increases and more trees are sampled 
because more fires are detected. The size of the area was not always reported in fire history studies, 
making comparisons among studies somewhat tentative. Arno and Peterson [4] caution that for fire-
return intervals calculated from a master chronology, "it must be remembered that the data (including 
mean fire intervals) represent only the occurrences of fire somewhere in the fire area".   

In their review, Baker and Ehle [6] discuss several uncertainties and biases that may occur when fire scar 
data are used to estimate mean fire-return intervals or other characteristics of historical fire regimes:  

• Not all fires are recorded in the fire scar record, in part because fire scar development requires a 
fire severe enough to damage the cambium without killing the tree. This may not occur early in 
the history of a stand, so the time between the origin of a tree and the development of the first 
fire scar is a fire-free interval that is often omitted in fire-return interval calculations. 

• Even in a stand with fire-scarred trees, some fires may be of such low severity that they do not 
reburn existing fire scars. 

• The tendency to focus on multiple-scarred trees and areas of stands where there are higher 
densities of scarred trees biases calculations toward shorter estimated fire-return intervals. 

• The composite fire interval becomes shorter as the size of the study area or the number of 
sampled trees increase, both of which results in more fires being recorded [6]. 

As of 2016, no sedimentary charcoal fire history studies were available for the Black Hills region. This 
information might provide a broader perspective regarding the range of variability in fire frequency and 
climatic relationships in these ecosystem by extending information to cover longer time periods than 
the fire-scar record.  

 

 

https://www.feis-crs.org/feis/
https://www.fs.usda.gov/database/feis/glossary2.html#PointFireInterval
https://www.fs.usda.gov/database/feis/glossary2.html#CompositeFireInterval
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APPENDICES 

• Table A1: Summary of fire regime information for Biophysical Settings covered in this 
synthesis 

• Table A2: Summary of fire history studies 
• Table A3. Common and scientific names of dominant, codominant, or important plant species 

in the Black Hills area and links to FEIS Species Reviews 
• Figure A1: Black Hills National Forest Area Large Fire History Map (1880-2014) 
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Table A1—Biophysical Settings (BpS) included in ponderosa pine communities in the Black Hills and surrounding areas  
Data are derived from LANDFIRE succession modeling. Fire regime groups I-V describe a pattern of fire frequency and severity for historical 
fire regimes. Fire interval refers to average historical fire-return interval. Percent of fires is listed by severity class: Replacement-severity fires 
cause >75% kill or top-kill of the upper canopy layer; mixed-severity fires cause 26%-75%; and low-severity fires cause <26%. Terms are 
defined in the FEIS Glossary. 

Region Biophysical Setting name BpS code Link to BpS and 
model description 

Fire 
regime 
group 

Fire 
interval 
(years) 

Replacement 
severity fires 

(%) 

Mixed 
severity 

fires 
(%) 

Low 
severity 

fires 
(%) 

Northern and 
Central Rockies 

Northwestern Great Plains 
Highland white spruce 
woodland 

2910480 
http://www.fs.usda.g
ov/database/feis/pdfs
/BpS/2910480.pdf 

I 28 11 28 61 

Northern and 
Central Rockies 

Northwestern Great 
Plains-Black Hills 
ponderosa pine woodland 
and savanna - low-
elevation woodland 

2911791 
http://www.fs.usda.g
ov/database/feis/pdfs
/BpS/2911791.pdf 

I 18 6 6 88 

Northern and 
Central Rockies 

Northwestern Great 
Plains-Black Hills 
ponderosa pine woodland 
and savanna - savanna 

2911792 
http://www.fs.usda.g
ov/database/feis/pdfs
/BpS/2911792.pdf 

I 14 4 0 96 

Northern Great 
Plains 

Northwestern Great 
Plains-Black Hills 
ponderosa pine woodland 
and savanna - low-
elevation woodland 

3011791 
http://www.fs.usda.g
ov/database/feis/pdfs
/BpS/3011791.pdf 

I 18 6 6 88 

Northern Great 
Plains 

Northwestern Great 
Plains-Black Hills 
ponderosa pine woodland 
and savanna - savanna 

3011792 
http://www.fs.usda.g
ov/database/feis/pdfs
/BpS/3011792.pdf 

I 14 4 0 96 

Northern Great 
Plains 

Northwestern Great 
Plains-Black Hills 
ponderosa pine woodland 
and savanna 

3111790 
http://www.fs.usda.g
ov/database/feis/pdfs
/BpS/3111790.pdf 

I 13 3 13 84 

https://www.feis-crs.org/feis/
http://www.fs.usda.gov/database/feis/glossary2.html
http://www.fs.usda.gov/database/feis/pdfs/BpS/2910480.pdf
http://www.fs.usda.gov/database/feis/pdfs/BpS/2910480.pdf
http://www.fs.usda.gov/database/feis/pdfs/BpS/2910480.pdf
http://www.fs.usda.gov/database/feis/pdfs/BpS/2911791.pdf
http://www.fs.usda.gov/database/feis/pdfs/BpS/2911791.pdf
http://www.fs.usda.gov/database/feis/pdfs/BpS/2911791.pdf
http://www.fs.usda.gov/database/feis/pdfs/BpS/2911792.pdf
http://www.fs.usda.gov/database/feis/pdfs/BpS/2911792.pdf
http://www.fs.usda.gov/database/feis/pdfs/BpS/2911792.pdf
http://www.fs.usda.gov/database/feis/pdfs/BpS/3011791.pdf
http://www.fs.usda.gov/database/feis/pdfs/BpS/3011791.pdf
http://www.fs.usda.gov/database/feis/pdfs/BpS/3011791.pdf
http://www.fs.usda.gov/database/feis/pdfs/BpS/3011792.pdf
http://www.fs.usda.gov/database/feis/pdfs/BpS/3011792.pdf
http://www.fs.usda.gov/database/feis/pdfs/BpS/3011792.pdf
http://www.fs.usda.gov/database/feis/pdfs/BpS/3111790.pdf
http://www.fs.usda.gov/database/feis/pdfs/BpS/3111790.pdf
http://www.fs.usda.gov/database/feis/pdfs/BpS/3111790.pdf
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Table A2—Summary of fire history studies 
Details from fire history studies in ponderosa pine communities of the Black Hills and surrounding areas. Cells are blank where no information was 
available. 
See Table A1 for further information about the associated BpSs. 
See Figure 3 for map of study site locations. Some study site locations were approximated. 

Location                
(Fig 3. Map 

Number) 

Elevationa 

meters 
(Aspect) 

Study Details 
Period 
studied 

MFRIb 
years 
(SD) 

Range 
of 

FRIs 

WMFIc 

years 

MFRI 
from 

LANDFIRE 
modelsd 

Contemporary 
findings 

Citation 

Ponderosa pine savanna sites (BpS series 11790, 11792)e 
Little 
Missouri 
National 
Grassland, 
ND (1) 

780 
BCF site: CFIsf from 18 ponderosa 
pines across 50 ha area 

1598-1936 12 (10) 2-36  14 
only 4 fires were 
recorded on 3 
trees after 1900 

[17] 

Devils Tower 
National 
Monument, 
WY (2) 

1,280 

CFIsf from 91 trees along 10 
transects ranging from 250-2500 
m long throughout the 545 ha 
park 

1600-1770 15 

 

 

14 
since 1900 
MFRI=28 years 

[34] 1770-1900 8  

1600-1900 11  

Devils Tower 
National 
Monument, 
WY (3) 

1,280 

CFIs from 37 dead ponderosa 
pines; sampled in northern, 
northeastern, and southwestern 
portions of 545 ha park 

1312-2002 24.6 4-119 20.2 

14 

frequent fires 
until 1876; 119 
year fire-free 
interval from 
1876-1995  

[103] 
1850-1880 5.7  5.8 

https://www.feis-crs.org/feis/
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Table A2—Summary of fire history studies (continued) 

Location                
(Fig 3. Map 

Number) 

Elevationa 

meters 
(Aspect) 

Study Details 
Period 
studied 

MFRIb 
years 
(SD) 

Range 
of 

FRIs 

WMFIc 

years 

MFRI 
from 

LANDFIRE 
modelsd 

Contemporary 
findings 

Citation 

Ponderosa pine savanna sites (BpS series 11790, 11792)e (continued) 

Wind Cave 
National 
Park, SD 
(15ag) 

1,470-
1,510 (E) 

WCN site: CFIs from 12 ponderosa 
pine trees, stumps, logs, or snags 
across 20-25 ha area; selectively 
sampled fire scarred trees; 
savanna-woodland site 

1564-1896 
12.3 
(6.9) 

3-32 

WMPIh

=11.6; 
WEPRi= 

3.5-
22.7 

14 

no fires recorded 
after 1896 

[25] 
1,340-

1,350 (E) 

PIG site: CFIs from 14 ponderosa 
pine trees, stumps, logs, or snags 
across 20-25 ha area; selectively 
sampled fire scarred trees; 
savanna-woodland site 

1528-1912 
10.1 
(5.8) 

2-23 

WMPIh

=9.3; 
WEPRi= 

2.3-
20.3 

only 2 fire scars 
recorded after 
1912 

1,220-
1,260 (N) 

GOB site: CFIs from 16 ponderosa 
pine trees, stumps, logs, or snags 
across 20-25 ha area; selectively 
sampled fire scarred trees; 
savanna site 

1652-1910 
12.3 
(7.2) 

3-34 

WMPIh

=11.5; 
WEPRi= 

3.5-
22.6 

only 2 fire scars 
recorded after 
1910 

Wind Cave 
National 
Park, SD 
(15bg) 

1,470-
1,510 (E) 

WCN site: CFIs from 12 ponderosa 
pine trees across 17.0 ha area 

1700-1900 
10.7 
(6.5) 

3-29 9.9 

14 

fires scars were 
generally absent 
from all stands 
after 1890 

[19] 
1,340-

1,350 (E) 
PIG site: CFIs from 14 ponderosa 
pine trees across 10.0 ha area 

1700-1900 
9.8 

(5.4) 
2-18 9.1 

1,220-
1,260 (N) 

GOB site: CFIs from 16 ponderosa 
pine trees across 11.7 ha area 

1700-1900 
12.0 
(7.9) 

3-34 10.9 

Wind Cave 
National 
Park, SD (16) 

1,250 
CFIs from 33 dead or stunted 
ponderosas from scattered stands 
in mostly prairie throughout park 

1780-1910 21.6 

 

 

14   [100] 1820-1910 16.6   

1850-1910 13.5   

https://www.feis-crs.org/feis/
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Table A2—Summary of fire history studies (continued) 

Location                
(Fig 3. Map 

Number) 

Elevationa 

meters 
(Aspect) 

Study Details 
Period 
studied 

MFRIb 
years 
(SD) 

Range 
of 

FRIs  

WMFIc 

years 

MFRI 
from 

LANDFIRE 
modelsd 

Contemporary 
findings 

Citation 

Ponderosa pine savanna sites (BpS series 11790, 11792)e (continued) 

Rochelle Hills 
Area of 
Thunder 
Basin 
National 
Grassland, 
WY (17) 

1,500 

CFIs from 48 trees including live 
ponderosa pine (46) and Rocky 
Mountain juniper (2) trees across 
7,000 ha park area; sampled in 
small patches of ponderosa pine 
and Rocky Mountain juniper 
surrounded by grasslands  

1565-1940 

  

WMPIh

=7.9; 
WEPRi= 
1.2-23 

14 

fires slightly 
more frequent 
during exclusion 
period (1940-
1988), no signif 
diff with non-
exclusion period 
(1565-1939 (P = 
0.69)); WMPIh= 
6.7; WEPRi=1-21 

[88,89] 

1565-1988 

WMPIh

=7.4; 
WEPRi= 
1.1-22 

Niobrara 
Valley 
Preserve, NE 
(18) 

660 

CFI from 25 ponderosa pine trees; 
only study within BpS series 
11790, sampled in oak/ponderosa 
pine forest on southern bluffs of 
Niobrara River; info from abstract 
only 

1850-1900 
4.8 (SE 
0.56) 

  13 

MFRI lengthened 
to 7.0 (SE 1.06) 
years for 1900-
1950 

[16] 

Low- to mid-elevation ponderosa pine woodland and forest sites (BpS series 11790, 11791)e 

Bear Lodge, 
WY (4) 

1,520-
1,550 (S) 

BLN site: CFIs from 13 ponderosa 
pine trees across 17.6 ha area 

1700-1900 

21.6 
(11.3) 

11-41 20.8 
18 

fires scars were 
generally absent 
from all stands 
after 1890 

[19] 
1,520-

1,560 (N) 
BLC site: CFIs from 11 ponderosa 
pine trees across 18.8 ha area 

11.0 
(7.3) 

3-30 10.1 

Badger Game 
Production 
Area, SD (5) 

1,220-
1,280 

CFIsf from 23 ponderosa pine 
trees, stumps, and snags across 
6.3 ha area; even-aged, high-
density, high basal area forest 

1450-1879 13 (10) 1-43  18 
119 year fire-free 
interval from 
1879-1998 

[122] 

https://www.feis-crs.org/feis/
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Table A2—Summary of fire history studies (continued) 

Location                
(Fig 3. Map 

Number) 

Elevationa 

meters 
(Aspect) 

Study Details 
Period 
studied 

MFRIb 
years 
(SD) 

Range 
of 

FRIs 

WMFIc 

years 

MFRI 
from 

LANDFIRE 
modelsd 

Contemporary 
findings 

Citation 

 Low-to mid-elevation ponderosa pine woodland and forest sites (BpS series 11790, 11791)e (continued) 

Cold Springs 
Creek, WY (6) 

1,350-
1,390 (E) 

CSC site: CFIs from 10 ponderosa 
pine trees across 6.5 ha area 

1700-1900 
15.7 

(10.4) 
4-34 14.1 18 

fires scars were 
generally absent 
from all stands 
after 1890 

[19] 

Spearfish 
Canyon 
North, SD (8) 

1,870-
1,910 (SE) 

SCN site: CFIs from 9 ponderosa 
pine trees across 15.6 ha area  

1700-1900 
12.8 
(4.2) 

8-19 12.9 18 

fires scars were 
generally absent 
from all stands 
after 1890 

[19] 

Black Hills 
Experimental 
Forest, SD (9) 

1,730-
1,760 (E) 

BEF site: CFIs from 11 ponderosa 
pine trees across 11.7 ha area  

1700-1900 
20.2 

(10.0) 
7-37 19.5 18 

fires scars were 
generally absent 
from all stands 
after 1890 

[19] 

Reynold's 
Prairie, SD 
(10) 

1,740-
1,780 
(SW) 

REY site: CFIs from 11 ponderosa 
pine trees across 16.4 ha area  

1700-1900 
17.1 
(8.7) 

2-33 16.1 18 

fires scars were 
generally absent 
from all stands 
after 1890 

[19] 

Upper Pine 
Creek 
Research 
Natural Area, 
SD (12ag) 

1,660-
1,690 

UPC site: CFI from 9 ponderosa 
pine trees  

1580-1887 
median

=23 
11-74  

18 

110 year fire-free 
interval (1887-
1997)  

[22] 
1,670-
1,720 

UPM site: CFI from 10 ponderosa 
pine trees 

1668-1890 
median

=22 
13-72  

107 year fire-free 
interval (1890-
1997)  

Upper Pine 
Creek 
Research 
Natural Area, 
SD (12bg) 

1,660-
1,690 (E) 

UPC site: CFIs from 9 ponderosa 
pine trees across 12.9 ha area  

1700-1900 
26.8 

(10.4) 
15-42 26.7 

18 

fires scars were 
generally absent 
from all stands 
after 1890 

[19] 
1,670-

1,720 (S) 
UPM site: CFIs from 10 ponderosa 
pine trees across 16.4 ha area  

1700-1900 
27.4 

(12.0) 
15-46 27.0 

https://www.feis-crs.org/feis/
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Table A2—Summary of fire history studies (continued) 

Location                
(Fig 3. Map 

Number) 

Elevationa 

meters 
(Aspect) 

Study Details 
Period 
studied 

MFRIb 
years 
(SD) 

Range 
of 

FRIs 

WMFIc 

years 

MFRI 
from 

LANDFIRE 
modelsd 

Contemporary 
findings 

Citation 

 Low-to mid-elevation ponderosa pine woodland and forest sites (BpS series 11790, 11791)e (continued) 

Mount 
Rushmore 
National 
Memorial, SD 
(13) 

1,340-
1,745 

CFIsf from 907 dead mostly 
ponderosa pines within and near 
plots on 500 m grid throughout 
517 ha park; calculated MFRIs at 
multiple spatial scales with a 
consistent mode (11-15 years) 
across most spatial scales, see 
study for other MFRI estimates 

1529-1893 24 (14) 1-76  18 

only 2 fire scars 
recorded from 
1893 to 2005 
(both in 1912) 

[26] 

Jewel Cave 
National 
Monument, 
SD (14ag) 

1,585-
1,768 

JCC site: CFIsf from 14 ponderosa 
pine trees 

1388-1890 23 (18) 1-63  

18 

104 year fire-free 
interval (1890-
1994) 

[24] 

JCN site: CFIsf from 11 ponderosa 
pine trees 

1576-1890 20 (14) 4-45  

JCE site: CFIsf from 16 ponderosa 
pine trees 

1591-1890 23 (22) 1-77  

JCS site: CFIsf from 16 ponderosa 
pine trees 

1591-1900 23 (23) 7-93  
 94 year fire-free 
interval (1900-
1994)  

ALL SITES: CFIsf calculated using all 
detected fire dates at all sites  

1388-1900 16 (14) 1-45    

Jewel Cave 
National 
Monument, 
SD (14bg) 

1,670-
1,710 (N) 

JCC site: CFIs from 16 ponderosa 
pine trees across 18.8 ha area  

1700-1900 
20.4 

(17.4) 
1-47 15.4 

18 

fires scars were 
generally absent 
from all stands 
after 1890 

[19] 

1,720 
(flat) 

JCN site: CFIs from 11 ponderosa 
pine trees across 10.0 ha area  

1700-1900 
23.0 

(14.4) 
6-45 21.1 

1,680-
1,740 (S) 

JCE site: CFIs from 16 ponderosa 
pine trees across 14.1 ha area  

1700-1900 
20.4 

(17.0) 
1-47 15.7 

1,580-
1,670(SW) 

JCS site: CFIs from 16 ponderosa 
pine trees across 10.6 ha area  

1700-1900 
19.4 

(10.9) 
7-37 18.4 

https://www.feis-crs.org/feis/
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Table A2—Summary of fire history studies (continued) 

Location                
(Fig 3. Map 

Number) 

Elevationa 

meters 
(Aspect) 

Study Details 
Period 
studied 

MFRIb 
years 
(SD) 

Range 
of 

FRIs 

WMFIc 

years 

MFRI 
from 

LANDFIRE 
modelsd 

Contemporary 
findings 

Citation 

High-elevation ponderosa pine and white spruce forest sites (BpS series 10480)e 

Riflepit 
Canyon, WY 
(7) 

1,830-
1,860 (S) 

RPN site: CFIs from 11 ponderosa 
pine trees across 7.6 ha area  

1700-1900 

33.4 
(8.8) 

22-42 35.0 

28 

fires scars were 
generally absent 
from all stands 
after 1890 

[19] 
1,850-

1,890 (E) 
RPW site: CFIs from 10 ponderosa 
pine trees across 20.0 ha area 

20.7 
(17.5) 

4-64 17.7 

1,840-
1,880 (W) 

RPE site: CFIs from 13 ponderosa 
pine trees across 12.9 ha area 

31.0 
(18.1) 

14-64 29.4 

Gillette 
Prairie, SD 
(11) 

2,070-
2,090 (S) 

GIL site: CFIs from 9 ponderosa 
pine trees across 20.1 ha area  

1700-1900 
23.9 

(12.6) 
10-42 23.0 28 

fires scars were 
generally absent 
from all stands 
after 1890 

[19] 

asome elevations are estimated from provided location information. 
bMFRI=mean fire-return interval; values are unfiltered, composite mean fire-return intervals (all fire years used in calculations) and standard deviation unless      
  otherwise noted. 
cWMFI= Weibull median fire interval (years), values are WMFI unless otherwise noted. 
dsee Table A1 for further information on LANDFIRE BpS series [68]. 
eplant community type was not always explicit in the literature and was inferred from site info (e.g. elevation, aspect, geography). 
fadditional mean(s) (e.g., filtered or area-wide) calculated in study but not reported here. 
gstudies with same map number used the same fire scar dataset to calculate FRIs but with different time periods or metrics. 
hWMPI= Weibull median probability interval (years). 
iWEPR=Weibull exceedance probability range is equivalent to 5% to 95% confidence interval (years). 

 
 

https://www.feis-crs.org/feis/
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Table A3—Common and scientific names of dominant, codominant, or important 
plant species in the Black Hills area and links to FEIS Species Reviews.  
Common name Scientific name  
Trees 
bur oak Quercus macrocarpa  

eastern cottonwood Populus deltoides 

eastern redcedar Juniperus virginiana 

green ash Fraxinus pennsylvanica 

paper birch Betula papyrifera  

quaking aspen Populus tremuloides 

Rocky Mountain juniper Juniperus scopulorum 

Rocky Mountain ponderosa pine Pinus ponderosa subsp. scopulorum 

white spruce Picea glauca 

Shrubs 
chokecherry Prunus virginiana  

common juniper  Juniperus communis 

common snowberry Symphoricarpos albus 

creeping barberry Mahonia repens 

fringed sagebrush Artemisia frigida 

grouse whortleberry Vaccinium scoparium 

mountain ninebark Physocarpus monogynus 
kinnikinnick Arctostaphylos uva-ursi  

prickly rose Rosa acicularis 

Saskatoon serviceberry Amelanchier alnifolia 

skunkbush sumac Rhus trilobata 

soapweed yucca Yucca glauca 

russet buffaloberry Shepherdia canadensis 

true mountain-mahogany Cercocarpus montanus 

twinflower Linnaea borealis 

western poison ivy Toxicodendron rydbergii 

white spirea Spiraea betulifolia 

Forbs 

bluebell bellflower Campanula rotundifolia 
cream pea Lathyrus ochroleucus 
hookedspur violet Viola adunca 
little false Solomon's-seal Maianthemum stellatum 

northern bedstraw Galium boreale 

prairie sage Artemisia ludoviciana  

pussytoes Antennaria species (such as A. parvifolia) 

western yarrow Achillea millefolium 

Virginia strawberry Fragaria virginiana 
Graminoids 
big bluestem Andropogon gerardii 

https://www.feis-crs.org/feis/
https://www.fs.usda.gov/database/feis/plants/tree/quemac/all.html
https://www.fs.usda.gov/database/feis/plants/tree/popdel/all.html
https://www.fs.usda.gov/database/feis/plants/tree/junvir/all.html
https://www.fs.usda.gov/database/feis/plants/tree/frapen/all.html
https://www.fs.usda.gov/database/feis/plants/tree/betpap/all.html
https://www.fs.usda.gov/database/feis/plants/tree/poptre/all.html
https://www.fs.usda.gov/database/feis/plants/tree/junsco/all.html
https://www.fs.usda.gov/database/feis/plants/tree/pinpons/all.html
https://www.fs.usda.gov/database/feis/plants/tree/picgla/all.html
https://www.fs.usda.gov/database/feis/plants/tree/pruvir/all.html
https://www.fs.usda.gov/database/feis/plants/shrub/juncom/all.html
https://www.fs.usda.gov/database/feis/plants/shrub/symalb/all.html
https://www.fs.usda.gov/database/feis/plants/shrub/mahrep/all.html
https://www.fs.usda.gov/database/feis/plants/shrub/artfri/all.html
https://www.fs.usda.gov/database/feis/plants/shrub/vacsco/all.html
https://www.fs.usda.gov/database/feis/plants/shrub/arcuva/all.html
https://www.fs.usda.gov/database/feis/plants/shrub/rosaci/all.html
https://www.fs.usda.gov/database/feis/plants/shrub/amealn/all.html
https://www.fs.usda.gov/database/feis/plants/shrub/rhutri/all.html
https://www.fs.usda.gov/database/feis/plants/shrub/yucgla/all.html
https://www.fs.usda.gov/database/feis/plants/shrub/shecan/all.html
https://www.fs.usda.gov/database/feis/plants/shrub/cermon/all.html
https://www.fs.usda.gov/database/feis/plants/forb/linbor/all.html
https://www.fs.usda.gov/database/feis/plants/shrub/toxspp/all.html
https://www.fs.usda.gov/database/feis/plants/shrub/spibet/all.html
https://www.fs.usda.gov/database/feis/plants/forb/maiste/all.html
https://www.fs.usda.gov/database/feis/plants/forb/galspp/all.html
https://www.fs.usda.gov/database/feis/plants/forb/artlud/all.html
https://www.fs.usda.gov/database/feis/plants/forb/antpar/all.html
https://www.fs.usda.gov/database/feis/plants/forb/achmil/all.html
https://www.fs.usda.gov/database/feis/plants/graminoid/andger/all.html
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Table A3 (continued) 

Common name Scientific name  
Graminoids (continued) 
bluebunch wheatgrass Pseudoroegneria spicata 

green needlegrass Nassella viridula 

Kentucky bluegrass Poa pratensis 

little bluestem Schizachyrium scoparium 

poverty oatgrass Danthonia spicata 

prairie dropseed  Sporobolus heterolepis  

Richardson's needlegrass Achnatherum richardsonii 

roughleaf ricegrass Oryzopsis asperifolia 
sideoats grama Bouteloua curtipendula 

sun sedge Carex inops subsp. heliophila 

timber oatgrass Danthonia intermedia 

western wheatgrass Pascopyrum smithii 

 

 

https://www.feis-crs.org/feis/
https://www.fs.usda.gov/database/feis/plants/graminoid/psespi/all.html
https://www.fs.usda.gov/database/feis/plants/graminoid/nasvir/all.html
https://www.fs.usda.gov/database/feis/plants/graminoid/poapra/all.html
https://www.fs.usda.gov/database/feis/plants/graminoid/schsco/all.html
https://www.fs.usda.gov/database/feis/plants/graminoid/danspi/all.html
https://www.fs.usda.gov/database/feis/plants/graminoid/spohet/all.html
https://www.fs.usda.gov/database/feis/plants/graminoid/achric/all.html
https://www.fs.usda.gov/database/feis/plants/graminoid/boucur/all.html
https://www.fs.usda.gov/database/feis/plants/graminoid/carino/all.html
https://www.fs.usda.gov/database/feis/plants/graminoid/danint/all.html
https://www.fs.usda.gov/database/feis/plants/graminoid/passmi/all.html
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Figure A1—Map of fires on the Black Hills National Forest, 1880-2014  [115]. Click here for a larger image. 

https://www.feis-crs.org/feis/
https://www.fs.usda.gov/database/feis/fire_regimes/Black_Hills_ponderosa_pine/Figure_A1.pdf
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