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Artemisia tridentata subsp. wyomingensis

Figure 1—Flowering Wyoming big sagebrush on the Seedskadee National
Wildlife Refuge, Wyoming. Photo by Tom Koerner, courtesy of the Fish and
Wildlife Service, U.S. Department of the Interior.
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ABSTRACT

Wyoming big sagebrush is a widely distributed shrub that is native to the western United States. It occupies the largest
area of the big sagebrush cover types. Wyoming big sagebrush ecosystems support hundreds of plant and animal species,
including sage-grouse and many other sagebrush obligates, and Wyoming big sagebrush may be the single most
important plant to sage-grouse. Its distribution has been reduced since European-American settlement, and it may
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become further reduced or altered by changes in fire regimes, spread of nonnative plants, conifer expansion, climate
changes, and other factors. This review synthesizes the scientific literature on Wyoming big sagebrush biology and
ecology throughout its distribution, with an emphasis on how fire affects it and how Wyoming big sagebrush
communities respond after fire.

Wildfires in Wyoming big sagebrush communities are stand-replacing because Wyoming big sagebrush plants are easily
killed by fire and do not sprout. However, variation in fuels, topography, and weather result in fires that leave patches of
unburned vegetation, where big sagebrush plants survive. Postfire seedling establishment rates vary but are typically
low. The short-term soil seed bank and surviving plants in and adjacent to burns are seed sources for postfire
establishment. Seeds are typically dispersed within 10 feet (3 m) of parent plants in fall and winter. Seedling
establishment is episodic and occurs during relatively wet periods. The length of time between a fire and the first
establishment pulse may help explain differences in postfire seedling establishment rates among burns.

Wyoming big sagebrush postfire recovery time is influenced by many interacting factors and varies substantially among
sites. This review and analysis of Wyoming big sagebrush postfire recovery on 112 burned sites examined in 24 studies
found that overall, Wyoming big sagebrush was slow to recover to unburned canopy cover values. While computations
of postfire recovery were complicated by small sample sizes of old burns (only 13 of 112 sites were >20 years since fire)
and high variability in Wyoming big sagebrush canopy cover among unburned sites, full recovery did not occur within
66 years since fire. A few sites neared recovery, and recovery appeared faster on some sites and in some ecoregions than
others. Wyoming big sagebrush communities on warm, dry sites are less resilient to fire and less resistant to postfire
nonnative annual grass invasion than those on cooler, moister sites; consequently, they are likely to recover more slowly.
However, heavy browsing can slow postfire recovery regardless of favorable weather and site characteristics. Fire
characteristics, such as fire severity, season, pattern, and size, are also likely to affect postfire recovery rates by altering
the amount and distribution of available seed sources.

In general, prescribed fire is not considered effective for maintaining or restoring Wyoming big sagebrush communities
because it can reduce habitat quality for sage-grouse and other sagebrush obligates for long periods and increase
opportunities for postfire invasion by nonnative plants (especially cheatgrass). However, some researchers advocate for
the continued use of prescribed fire as a management tool in Wyoming big sagebrush communities at sites where fire
was relatively frequent historically. They advocate use of prescribed fire only on sites not considered important to sage-
grouse and unlikely to convert to cheatgrass grasslands. In areas where native perennial plant cover is depleted, seeding
Wyoming big sagebrush and other native perennial plants after fire helps stabilize soils, speed recovery of sagebrush and
other shrubs, and prevent establishment and spread of nonnative species.
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TAXONOMY:

The scientific name of Wyoming big sagebrush is Artemisia tridentata subsp. wyomingensis Beetle & Young
(Asteraceae) [23,178,258,377,802]. Wyoming big sagebrush is one of six subspecies of big sagebrush (Artemisia
tridentata Nutt.). Of these subspecies, Wyoming big sagebrush, basin big sagebrush, and mountain big sagebrush are the
most widely distributed [54,321,378)]. In this review, "big sagebrush" refers to all six subspecies. The subspecies are:

Artemisia tridentata Nutt. subsp. parishii (A. Gray) H.M. Hall & Clem., Mojave big sagebrush
Artemisia tridentata Nutt. subsp. spiciformis (Osterh.) Kartesz & Gandhi, snowfield big sagebrush



Artemisia tridentata Nutt. subsp. tridentata, basin big sagebrush

Artemisia tridentata Nutt. subsp. vaseyana (Rydb.) Beetle, mountain big sagebrush

Artemisia tridentata Nutt. subsp. wyomingensis Beetle & Young, Wyoming big sagebrush

Artemisia tridentata Nutt. subsp. xericensis Winward ex R. Rosentreter & R. Kelsey, xeric big sagebrush

Hybridization occurs in zones of overlap among Wyoming big sagebrush and other sagebrush taxa, including mountain
big sagebrush, basin big sagebrush, low sagebrush, threetip sagebrush, plains silver sagebrush, and alkali sagebrush
[153,278,279,459,464,465,639]. Some sagebrush taxa have recognized or putative hybrid origins with Wyoming big
sagebrush [459]. A hybrid of Wyoming big sagebrush and mountain big sagebrush in Utah and Idaho is recognized as
Bonneville big sagebrush [279,459]. Lahontan sagebrush may have originated through hybridization of Wyoming big
sagebrush and low sagebrush [459]. Wyoming big sagebrush itself may have originated through hybridization between
basin big sagebrush and mountain big sagebrush or basin big sagebrush and black sagebrush [460,794]. Hybridization is
an important source of new genetic combinations that helped big sagebrush adapt to past climate changes, and such
hybridization may help big sagebrush adapt to climate changes in the future [458,465].

Subspecies of big sagebrush differ in ploidy levels. Wyoming big sagebrush is primarily tetraploid, while mountain big
sagebrush and basin big sagebrush are either diploid or tetraploid [458,462,464,613].

This review refers to plant species and infrataxa by their common names. See table A1 for scientific names of plants
mentioned in this review and for links to FEIS Species Reviews.

SYNONYMS:
Artemisia tridentata var. wyominensis (Beetle & Young) Welch [178,220,258,802]
Seriphidium tridentatum subsp. wyomingense (Beetle & Young) Weber ([776], cited as a synonym in [258,357]

LIFE FORM:
Shrub

DISTRIBUTION AND OCCURRENCE

SPECIES: Artemisia tridentata subsp. wyomingensis
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GENERAL DISTRIBUTION:

Wyoming big sagebrush is native to the western United States and British Columbia. It occurs from southern British
Columbia [165,221], Washington, Oregon, and California east to northern New Mexico, Colorado, and extreme western
Nebraska, South Dakota, and North Dakota [23,464,734,802]. It occupies the largest area of the big sagebrush cover
types [659]. A map of its distribution can be viewed at BONAP's Taxonomic Data Center [1].

The Columbia Basin, the Great Basin, and the Wyoming Basin support most (~70%) sagebrush in North America. The
largest areas of sagebrush are in the Columbia Basin, where 32% of all sagebrush occurred in 2005, and the Great Basin,
where 28% of all sagebrush occurred. In the Great Basin, Wyoming big sagebrush-basin big sagebrush communities
alone comprised 12,930,709 acres (5,232,872 ha) or 18% of the land cover. Mountain big sagebrush communities
comprised 3.7% of the land cover, while black sagebrush and low sagebrush communities comprised 5.1% and 1.1%,
respectively. All other sagebrush types comprised <1% [701]. According to a review, Wyoming big sagebrush is the
most common subspecies of big sagebrush in the northern Great Plains [158].

The area occupied by Wyoming big sagebrush and other sagebrush communities has been reduced and altered by the
cumulative and interacting effects of altered fire regimes, livestock grazing and associated land management,
proliferation of nonnative invasive plants, woodland expansion, climate changes, agriculture, urban and industrial land
uses, and other factors [98,160,306,398,496,503,518,787] (see Changes in Land Cover).
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States and provinces [221,258,734]:
United States: AZ, CA, CO, ID, MT, NE, NM, NV, ND, OR, SD, UT, WA, WY
Canada: BC
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Site Characteristics: Topography, climate, and soils affect the distribution of big sagebrush subspecies
[360,457,518]. Wyoming big sagebrush most commonly occurs at low to midelevations on warm, dry sites and on
shallow to moderately deep soils, commonly on Aridisols and Mollisols (e.g.,
[285,288,360,361,558,705,706,720,787,802]). Sites occupied by parent taxa and their hybrids may be distinct from one
another [266,456,458,486,773,802].

Topography: Wyoming big sagebrush occurs from valleys to high plateaus, including basins, plains, mesas, mountain
foothills, slopes, ridges, and high alluvial terraces [23,178,220,258,325,327,582,715,720]. It occurs on a variety of
slopes from flat to steeply sloping, on all aspects [582,715,720]. Although Wyoming big sagebrush occurs across a range
of wind exposures [123], Wyoming big sagebrush sites are often windy and exposed (e.g.,
[53,123,237,325,484,515,697]). Wind-exposed sites are highly susceptible to wind erosion when plant cover is removed
by disturbances [325], and sites with Wyoming big sagebrush often have evidence of erosion, such as channels and
gullies [582]. Wind-driven soil erosion rates of 75 tons/acre (168,128 kg/ha) were measured during the weeks following
the Butte City Fire, a severe July wildfire at the Idaho National Engineering Laboratory, U.S. Department of Energy
[130].

Wyoming big sagebrush occurs from as low as 820 feet (250 m) in Washington [464] to as high as 8,700 feet (2,650 m)
in Colorado [178] (table 1).

|Table 1—FElevational range of Wyoming big sagebrush by location. |

|Location HElevation ‘
4,820-7,680 feet (1,470-2,340 m) [265,327,464,796] ‘

|Arizona

California ||6,630-7,480 feet (2,020-2,280 m) [23,464,711]

Colorado  [[4,040-8,700 feet (1,230-2,650 m) [79,371,464,582,715,720]

2,300-6,550 feet (700-1,995 m) [325,460,464,485,524,819,826]; may occur on
southern aspects at >7,000 feet (2,130 m) [523,640].

Idaho

Montana |[890-6,680 feet (270-2,035 m) [165,402,424,464]

New

Mexico 7,150-8,300 feet (2,180-2,530 m) [464]

Nevada 4,280-8,200 feet (1,305-2,500 m) [265,464,485,582,711,796,819]

North |
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Dakota  [[2,660-2,710 feet (810-825 m) [464]

2,400-5,250 feet (730-1,600 m) [219,464,472,819]; typically uncommon above 6,000
feet (1,830 m) [829].

Oregon

Utah 5,000-7,910 feet (1,525-2,410 m) [265,464,485,796,802,819])

Washington||820- 3,280 feet (250-1,000 m) [464,472]

Wyoming |[4,360-8,040 feet (1,330-2,450 m) [164,464,575,796]

British 1,300-1,970 feet (400-600 m), with stands on steep, south-facing slopes as high as
Columbia {|2,950 feet (900 m) (McLean 1970, cited in [165]

Climate: Annual precipitation generally averages from 7 to 12 inches (180-300 mm) in areas with Wyoming big
sagebrush[288,324,325], although it can be highly variable from year to year (e.g., [777]). Sites receiving <7 inches of
annual precipitation may grade into salt desert shrub communities dominated by shadscale saltbush and winterfat, while
sites receiving >12 inches of annual precipitation may grade into mountain big sagebrush and pinyon-juniper
communities [285,288,324]. In Idaho, mean annual precipitation ranges from 7 to 8 inches (180-200 mm) in the
Wyoming big sagebrush/Sandberg bluegrass association, 10 to 11 inches (250-280 mm) in the Wyoming big
sagebrush/Thurber needlegrass association, and 7 to 12 inches in the Wyoming big sagebrush/bluebunch wheatgrass
association [325]. In Utah, mean annual precipitation ranges from 11 to 13 inches (280-330 mm) in the pinyon-juniper
belt where Wyoming big sagebrush, mountain big sagebrush, and Bonneville big sagebrush cooccur [288]. In north-
central Nevada, annual precipitation averages 9.9 inches (251 mm) during 30 years and ranges from 4.3 to 28.0 inches
(110-711 mm) [777].

The three major big sagebrush subspecies may be found in the same plant community [474], but in general, Wyoming
big sagebrush communities occupy the driest sites [495,515,787]. For example, in Utah, mean annual precipitation,
cumulative snowfall, and relative humidity were lower in Wyoming big sagebrush communities than basin big sagebrush
or mountain big sagebrush communities and solar radiation was higher [515] (table 2).

Seasonal precipitation patterns vary across Wyoming big sagebrush's range. Summer precipitation in sagebrush
ecosystems varies from almost none in central Nevada to nearly 40% of the annual total in southern Utah, northern
Arizona, and northern New Mexico [178,804]. Big sagebrush is most common in portions of the West where winter
precipitation equals or exceeds summer precipitation (Dahl et al. 1976, cited in [751]). Summer storms can be brief and
intense, and most precipitation runs off or evaporates [402,554]. Snow accumulation and spring snowmelt are important
in sagebrush ecosystems for recharging moisture deep in the soil profile, even on warm, dry sites [630,636]. Wyoming
big sagebrush distribution in the northern Great Plains is limited by the relative lack of winter precipitation and relatively
greater summer precipitation that favors grass growth [372,401].

Wind often prevents substantial snow accumulation in Wyoming big sagebrush communities [697], and snow may cover
some Wyoming big sagebrush sites for only a month [468]. Burke [122] stated that near Saratoga, Wyoming, sagebrush
distribution is controlled in part by snow distribution and wind exposure. Mountain big sagebrush occurs on leeward
slopes on toeslopes and depressional areas where snow accumulation is moderate to deep; Wyoming big sagebrush
occurs on slopes with slightly more windward exposure and less snow accumulation; and black sagebrush occurs on
wind-exposed ridgetops where snow accumulation is least. In south-central Wyoming, Wyoming big sagebrush was most
common where snow was shallow (<16 inches (40 cm)), and mountain big sagebrush was most common where snow
was deep (>15 inches (38 cm)) [699].

|Table 2—Climate characteristics of five plant communities in Utah. Values are means (SE) [515]. ‘

Wyoming big |[Basin big Mountain big ||Mountain Pinyon-
sagebrush sagebrush sagebrush shrub juniper

Characteristics




|[Frost-free days [115.4 (9.8) [[147.2(7.5) |[105.2(13.0) [102.8 (1.1) |[[117.5(6.8) |

|Temperature (°F) |

| maximum January  [38.6 (0.9) [[39.9(1.0) [36.0(1.0) [36.6(1.3) [38.8(1.6) |

| minimum January  [[12.6 (1.1)  [[172(1.0) [[11.7(2.6) [13.5(1.7) [13.8(0.8) |

| maximum July 1904 (1.0) [91.0(0.9) [[85.0(1.2) [86.9(1.1) [88.0(1.2) |

| minimum July 1527 (1.5)  |583(1.2) [[49.6(2.00 [509(1.8) |53.7(1.4) |

|Mean precipitation ‘

| Annual (inches) 110.6 (0.7)  [[13.8(1.1)  [16.5(0.7) [19.6(1.1) [12.3(0.6) |

| January-March (%) |25 129 130 132 125 |

| April-June (%) 126 25 24 23 22 |

| July-September (%) |25 20 120 17 128 |
October-December

) 24 26 26 26 24
Cumulative snowfall

(inches) 389(4.7) |[46.7(5.9)  |[69.8(5.5)  95.5(11.6) |[55.4(7.8)
Cumulative solar

radiation (langlays) 510.0 (8.7) |[464.1 (11.9) [480.9 (14.3) ||480.4 (12.5) ||480.5 (16.7)

Annual daily minimum

relative humidity (%) |20 ®) 370) 330) 330) 330)

Annual pan evaporation

(inches) 64.3(4.8) |[66.1(2.0) |[51.6(2.3) [5222.7) [56.8(2.7)

Soils: Wyoming big sagebrush sites have mostly warm (mesic) soil temperature regimes and dry (aridic) soil moisture
regimes, but some sites have cool and dry (frigid and aridic) and warm and moist (mesic and xeric) soil temperature and
moisture regimes (fig, 2, table 6). On warm and moist sites, Wyoming big sagebrush may overlap with mountain big
sagebrush [142,325,491,492]. Warm and dry soil temperature and moisture regimes are more prevalent in the eastern
portion of the sagebrush biome than the western portion [142] (fig. 2). Soils of Wyoming big sagebrush sites are variable
in texture, depth, and development (ranging from weakly to strongly developed) due to different soil parent materials
and amounts and distribution of precipitation [325] (see Climate). Wyoming big sagebrush grows mostly on shallow to
moderately deep, well-drained, moderately acidic to moderately basic soils, which may be noncalcareous to highly
calcarious near the surface [67,169,325,327,331,371,402,582,706,787].
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Figure 2—Distribution of soil temperature and moisture regimes in Sage-grouse Management Zones (MZ I-VII) in

the western United States [142].

Soil order: Wyoming big sagebrush most commonly occurs on Aridisols and Aridisol-Mollisol intergrades, but also
occurs on Mollisols [62,165,285,288,360,361,558,576,705,706] and Vertisols [27,523]. Mollisols develop in areas where
grasses have been codominant to dominant for a prolonged period. Aridisols develop where conditions are very dry and
potential evapotranspiration typically exceeds precipitation, and they are not associated with specific plant life forms
[243]. On Mollisols where Wyoming big sagebrush dominates, mollic epipedon thickness is less than that on Mollisols
where basin big sagebrush or mountain big sagebrush dominates [361], but greater than that on sites where black
sagebrush dominates [359]. The absence of a thick mollic epipedon indicates that Wyoming big sagebrush communities
historically did not have as productive an herbaceous layer as basin big sagebrush and mountain big sagebrush

communities [288] (see Fuels).

Soil moisture: Among sites dominated by the three major big sagebrush subspecies, soil moisture availability tends to be
lowest on Wyoming big sagebrush sites, and Wyoming big sagebrush is the most drought tolerant of the three



[488,706,828]. In southern Idaho, soil moisture was deficient by mid- to late July in Wyoming big sagebrush stands and
by late July or early August in basin big sagebrush stands, while soil moisture was not deficient until September in two
mountain big sagebrush stands and did not become deficient in another [828]. In Oregon, all subspecies were water
stressed in August, but Wyoming big sagebrush was the least water stressed, followed by basin big sagebrush, and then
mountain big sagebrush [488].

All subspecies of big sagebrush grow on well-drained soils [67,169,371,706,773,787]. In general, they cannot tolerate
saturated soils [290,787]. Welch [787] suggested that high water tables preclude big sagebrush from many western
grasslands.

Soil texture: Wyoming big sagebrush is most common on fine-textured soils, such as silts and clays, but it occurs on
loams and sands. Soils are often stony or gravelly [169,219,263,274,325,558,582,666,690,720]. According to Frisina and
Wambolt [274], Wyoming big sagebrush does not grow as well on coarse-textured soils.

Where Wyoming big sagebrush and basin big sagebrush overlap, soil texture may help to differentiate Wyoming big
sagebrush sites from basin big sagebrush sites [79,169,666]. In eastern Idaho, Wyoming big sagebrush occurred on silty
soils and basin big sagebrush on sandy soils, while mixed stands occurred on intermediate sites [666]. The same pattern
occurred in western Colorado; however, soil texture did not differentiate mountain big sagebrush sites from Wyoming
big sagebrush or basin big sagebrush sites. Instead, elevation and precipitation amounts helped differentiate them.

and Climate).

Soil fertility: Wyoming big sagebrush occurs on soils with moderate fertility. On 372 relatively undisturbed sites on the
Humboldt National Forest, Nevada, soil organic carbon, nitrogen, and phosphorus levels indicated that black sagebrush
commonly dominated the least fertile sites; Wyoming big sagebrush, alkali sagebrush, and low sagebrush commonly
dominated soils of moderate soil fertility; and mountain big sagebrush and basin big sagebrush commonly dominated
sites with the highest fertility. Mollic epipedon depth, total depth, and water-holding capacity followed a similar pattern,
with black sagebrush, Wyoming big sagebrush, alkali sagebrush, and low sagebrush communities having lower mean
values than mountain big sagebrush and basin big sagebrush communities [361]. At three sites in northeastern Utah,
Wyoming big sagebrush occurred on drier, less fertile soils (i.e., with lower organic carbon, nitrogen, potassium,
phosphorus, and cation exchange capacity) than basin big sagebrush [27]. For a review of soil chemistry in big
sagebrush communities, see Welch [787].

Plant Communities: Wyoming big sagebrush dominates or codominates many sagebrush steppe and sagebrush
shrubland communities. It also occurs in desert shrublands, salt desert shrublands, and shrub-mixed-grass prairie. It is a
common component and sometimes an understory dominant in juniper, pinyon-juniper, and ponderosa pine woodlands.
Wyoming big sagebrush communities are composed of sagebrush and other shrubs, bunchgrasses, sparse forbs, and often
a biological soil crust. Historically, big sagebrush communities had few trees [534], but since the late 1800s, junipers and
pinyons have been expanding into some big sagebrush communities [505]. The greatest proportion of conifer expansion
has occurred on cool to warm, relatively moist sagebrush sites, which include Wyoming big sagebrush communities at
the moister end of their distributions [142] (table 6). See Woodland Expansion for more information.

Wyoming big sagebrush occurs in pure stands or mixed with other shrubs [329]. Its distribution overlaps with that of
other sagebrush taxa, including basin big sagebrush, mountain big sagebrush, black sagebrush, low sagebrush, silver
sagebrush, and threetip sagebrush [288,311,464,465,582]. Hybrids of these taxa may dominate some areas [288,465].
For example, Collins and Harper [154] describe a common vegetation type on the Curlew National Grasslands, Idaho,
dominated by Wyoming big sagebrush x mountain big sagebrush hybrids. Common shrubs in Wyoming big sagebrush
communities include antelope bitterbrush [802], broom snakeweed [402,582], green rabbitbrush [371,640,720], rubber
rabbitbrush [582], Gardner's saltbush [582], fourwing saltbush [371], black greasewood [371,582,720], shadscale
saltbush, winterfat [21,375,582,802], spiny hopsage [21,582], and fringed sagebrush [371,402,582].

Principal understory species in Wyoming big sagebrush communities include bluebunch wheatgrass
[21,165,263,325,371,402,500,582,720,725] and Sandberg bluegrass [219,402,582,725]. Other grasses that occur
commonly and dominate some sites include Columbia needlegrass [263,720], Idaho fescue [165,219], Indian ricegrass
[371,474,725], needle and thread [21,219,325,359,360,402,725], squirreltail [219,325,359,360,725], Thurber
needlegrass [25,219,325,725], and western wheatgrass [21,165,263,720].



https://www.fs.fed.us/database/feis/glossary2.html#steppe
https://www.fs.fed.us/database/feis/glossary2.html#BiologicalSoilCrust

Associated understory species vary by region and with topography, soil temperature and moisture regimes, and
disturbance history [392]. East of the Sierra Nevada in California, Thurber needlegrass is the primary understory grass in
Wyoming big sagebrush steppe. On the driest sites, where Wyoming big sagebrush steppe grades into salt desert, desert
needlegrass is dominant in the understory. Where Wyoming big sagebrush steppe merges into warm desert, James'
galleta is dominant in the understory [25]. Common forbs associated with Wyoming big sagebrush include milkvetch,
pussytoes, phlox, fleabane, arrowleaf balsamroot, hawksbeard, lupine, and globemallow [725]. Cacti, such as plains
pricklypear, may be present on relatively dry sites [371,402,725]. Cheatgrass is dominant in some Wyoming big
sagebrush communities [219], most commonly on warm, dry sites [142] with a heightened disturbance regime
[238,325,610]. Evenden [240] described a "highly disturbed" Wyoming big sagebrush/cheatgrass community on a
stream terrace in the Trout Creek Mountains of southeastern Oregon where Wyoming big sagebrush and cheatgrass
comprised 40% and 28% cover, respectively.

Wyoming big sagebrush occurs in juniper, pinyon-juniper, ponderosa pine, curlleaf mountain-mahogany, and other
woodlands, often as a dominant understory shrub [21,165,228,371,582,624,711,807,809]. It is common in western
juniper, Utah juniper, and singleleaf pinyon communities throughout their distribution [241,327,490,582,810]. In
northern Arizona it is the most abundant big sagebrush subspecies in singleleaf pinyon-Utah juniper communities [327].
Twoneedle pinyon-juniper/Wyoming big sagebrush communities are common throughout northern Arizona, northern
New Mexico, western Colorado, and eastern Utah [371,582]. Juniper species in these communities vary with geography
and elevation and include oneseed juniper, Utah juniper, and Rocky Mountain juniper [582].

Plant species diversity is lower in Wyoming big sagebrush types than in mountain big sagebrush and many other
sagebrush types [191,192,259,263,285,286,420], but the number of species in Wyoming big sagebrush stands fluctuates
with annual precipitation [495] and successional stage [58]. For example, in the North Spring Valley watershed, Nevada,
the Wyoming big sagebrush type had 41 species, while the low sagebrush type 57 species, the black sagebrush type 70
species, and the mountain big sagebrush type 76 species [259]. Similar results were found in Colorado [263],
northeastern Utah [286], and southwestern Wyoming [420]. In southeastern Oregon, the number of species in three
Wyoming big sagebrush/Thurber needlegrass communities fluctuated from 27 species during a dry year (50% of average
annual precipitation) to 41 species in a wet year (185% of average annual precipitation) [495]. In Wyoming big
sagebrush steppe on the Thunder Basin National Grassland, Wyoming, the number of plant species decreased from early
to late succession. The early-successional stage had 74 forbs, 30 graminoids, and 11 shrubs, while the late-successional
stage had 38 forbs, 18 graminoids, and 5 shrubs [58].

Biological soil crusts are common in Wyoming big sagebrush communities [325,375,582]. Cover of biological soil
crusts can be high in Wyoming big sagebrush communities, with >50% cover on some sites [325,375]. Biological soil
crust cover typically increases with increasing aridity and is inversely related to vascular plant cover. Biological soil
crusts are usually more abundant in relatively warm Wyoming big sagebrush, salt desert, and desert shrub communities
than relatively cool mountain big sagebrush and mixed mountain shrub communities [493]. In east-central Idaho,
Wyoming big sagebrush communities had about 60% cover of biological soil crusts, while mountain big sagebrush
communities had about 40% cover [374].

BOTANICAL AND ECOLOGICAL CHARACTERISTICS

SPECIES: Artemisia tridentata subsp. wyomingensis

Reviews and management guidelines describing the biology and ecology of big sagebrush are cited frequently in this
review, including the following sources: [49,67,481,482,493,495,496,514,723,784,791,840]. This review includes
information on many aspects of Wyoming big sagebrush biology and ecology but focuses on information most relevant
to fire.
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GENERAL BOTANICAL CHARACTERISTICS:

» Botanical Description
o Age structure
o Stand structure

¢ Raunkiaer Life Form

Botanical Description: This description covers characteristics that may be relevant to fire ecology and is not meant
for field identification. Identification keys are available (e.g., [178,258,826]).

Sagebrush taxa are difficult to distinguish from one another based on morphology alone. This is especially true for
Wyoming big sagebrush, which is intermediate in several characteristics used to distinguish basin big sagebrush and
mountain big sagebrush [325,724,735,826]. In portions of the Great Basin in California, Nevada, Utah, and Idaho, West
et al. [809] found that only 32.6% of the sagebrush specimens examined, which included Wyoming big sagebrush, basin
big sagebrush, mountain big sagebrush, black sagebrush, and low sagebrush, were correctly identified based on
morphology alone. Differences in leaf chemical constituents can help differentiate sagebrush taxa, especially when used
in combination with plant morphology [178,464,689,787] and site characteristics (e.g., topography, climate, and soils)
[274,464,482]. Infrataxa differences in leaf chemical constituents of big sagebrush include concentrations of coumarins,
flavonoids [778,825], and sesquiterpene lactones [384]; these are determined by examining fluorescence of leaves and
other plant parts under ultraviolet light [384,650,689,787,825] or by using spectrophotometry to measure ultraviolet
absorbance [611,668,681].

Wyoming big sagebrush is an aromatic, evergreen shrub [67]. The main stem branches at or near ground level
[53,178,639,723]. Flower stems arise from vegetative stems [787]. The crowns are rounded and uneven
[53,178,325,639,723]. They are typically dense and spreading, with the lower part of the crown often close to the ground
[285]. Dead stemwood is common in old plants. For example, in southwestern Montana and southern Idaho, 48% of
stemwood was dead on Wyoming big sagebrush and mountain big sagebrush plants averaging 36 years old [110].

Wyoming big sagebrush is a tall sagebrush [495]. It occasionally reaches up to 79 inches (200 cm) tall [258,464], but is
typically shorter than 40 inches (100 cm) [23,166,220,258,285,325,346,463]. Wyoming big sagebrush may be dwarfed
as a result of edaphic conditions [53,582].




Figure 3—Wyoming big sagebrush steppe northeast of Eureka, Utah. Photo
by Matt Lavin, courtesy of Wikimedia Commons.

Wyoming big sagebrush has both ephemeral and persistent leaves [501,723,759,787]. Leaves are mostly <0.5 inch (12
mm) long and <0.12 inch (3 mm) wide [23,258,802,828]. The inflorescence is an open, many-flowered spike [53,346].

Researchers have described the one-seeded fruit of Wyoming big sagebrush as both an achene [80,481,653,723,787,858]
and a cypsela [258,290,664]. This review uses the term achene. The achene lacks a pappus [787]. It has one small, light
seed [482] that ranges from about 0.04 inch (1.3 mm) long and 0.24 inch (0.6 mm) wide [815] to 0.07 inch (1.77 mm)
long and 0.03 inch (0.81 mm) wide [311]. Mean weight ranges from about 0.16 mg [815] to 0.58 mg [311].

Wyoming big sagebrush develops a dense root network both in upper and lower soil layers [697,787]. It has many
laterals and one or more taproots. About 35% of the total root system occurs in the upper 1 foot (0.3 m) of soil. Some
roots may penetrate >6 feet (2.0 m) deep [250,422,697,780]. Soil characteristics such as texture, aeration, and moisture
influence root distribution in big sagebrush [290,697]. For example, in south-central Wyoming, root systems of
Wyoming big sagebrush were shallower and had greater lateral spread (root system depth: <60 inches (152 cm); lateral
spread: 48-60 inches (122-152 cm)) than root systems of mountain big sagebrush plants (root system depth: 72-84 inches
(183-213 cm); lateral spread: 36-48 inches (91-122 cm)). Wyoming big sagebrush plants grew on a ridge with a rocky
substratum and low water content, while mountain big sagebrush plants grew lower on the slope in soils that lacked
rocks [697].

Vesicular-arbuscular mycorrhizal fungi (VAM) colonize Wyoming big sagebrush roots. These include Glomus
microcarpus and Gigaspora spp. [62,354]. VAM may improve Wyoming big sagebrush seedling survival [682] and
growth [683] (see Vesicular-arbuscular mycorrhizal fungi).

Stand structure: According to reviews, shrub cover in undisturbed, late-successional Wyoming big sagebrush
communities rarely exceeds 25% because of low average annual precipitation [285,495]; however, cover can exceed
25% at upper elevation and relatively high precipitation zones [412], and in small areas (<1.2 acres (0.5 ha)) where
moisture is funneled, such as in alluvial soils without restrictive horizons [285]. Using data from ungulate exclosures in
Daggett County, Utah, Goodrich et al. [289] concluded that the maximum cover of Wyoming big sagebrush in areas with
8 to 10 inches (200-250 mm) of average annual precipitation is about 22%. In Moffat County, Colorado, cover of
Wyoming big sagebrush in undisturbed stands (i.e., sites unaltered by livestock grazing, logging, or other land uses)
varied from 8% to 20% [21]. In southeastern Oregon and northern Nevada, 107 "intact", late-successional stands ranged
from 3% to 36% Wyoming big sagebrush cover (mean: 12%); 90% of sites had 6% to 20% Wyoming big sagebrush
cover [195]. In eastern Montana, Wyoming big sagebrush cover never exceeded 20% even in stands with the oldest (~40
years old) Wyoming big sagebrush plants [165].

Cover of big sagebrush and perennial herbs is related to soil temperature and moisture regimes. As Wyoming big
sagebrush steppe grades into drier desert shrub communities, the number of forbs, total plant cover, and plant
productivity decline. As it grades into moister mountain big sagebrush communities, the number of forbs, total plant
cover, and plant productivity increase [285]. A survey of 106 "intact" big sagebrush sites in southeastern Oregon found



that Wyoming big sagebrush sites that averaged 9.7% Wyoming big sagebrush cover, were less diverse, and had less
total vegetation cover, density, and biomass production than mountain big sagebrush sites that averaged 23.0% mountain
big sagebrush cover [192]. In Wyoming big sagebrush communities in eastern Montana, Wyoming big
sagebrush/bluebunch wheatgrass communities had 22% to 35% perennial grass cover (mean = 28%) and were
characteristic of the driest sites (11 inches (270 mm) average annual precipitation), while Wyoming big sagebrush/Idaho
fescue-western wheatgrass communities had 68% to 80% perennial grasses cover (mean = 74%) and were characteristic
of the wettest sites (16 inches (400 mm) average annual precipitation) [167].

Age structure: Wyoming big sagebrush is a long-lived species. Wyoming big sagebrush plants may live >100 years,
although most die before they are 50 years old [31,110,249,574,697,723,757,787]. For example, on 27 relatively
undisturbed sites throughout Wyoming, the oldest Wyoming big sagebrush plant was 75 years, while the average age
was 32 years [574]. In southern Wyoming, the oldest Wyoming big sagebrush plant was 57 years, while the average age
was 42 years [697], and in southwestern Montana the oldest plant was 58 years, while the average age was 30 years
[757]. The oldest big sagebrush plant in southeastern Idaho was about 130 years old [153].

Because Wyoming big sagebrush seedlings establish episodically, late-successional stands are uneven-aged [345,425]. In
Nevada, for example, Wyoming big sagebrush plants in stands that were "relatively free from disturbance" ranged from
2 to 79 years old in Antelope Valley and from 6 to 40 years old in the Santa Rosa Mountains [345]. In northeastern
Wyoming, seedlings (5-10 years old) were "common" in late-successional Wyoming big sagebrush stands with "minimal
herbivory disturbance" but few plants occurred in some age classes because many years of minimal to no seedling
recruitment occurred between years of successful recruitment [574]. See Seedling Establishment for more information.

Raunkiaer [596] Life Form:
Phanerophyte

SEASONAL DEVELOPMENT:

Annual growth of big sagebrush plants begins in early spring and ceases when soil moisture is depleted, usually by mid-
to late July [28,52,362,501,723,787,828]. Root growth begins first and continues through late fall [250,787]. Big
sagebrush produces two types of stems: long shoots and short shoots [787]. Current-season long shoots produce
ephemeral leaves, which develop in spring and senesce, die, and abscise in mid- to late summer [67,723,787], when
water stress is high [488,489].

Short shoots, which arise from long shoots, produce longer-lived leaves in early summer. These leaves persist over
winter and die the following summer [489,723,787], living for 12 to 13 months [501,787]. Inflorescences are produced
on short shoots [787]. Wyoming big sagebrush plants usually flower and are pollinated from midsummer to late fall
[28,67,250,258,653,826]. Flowering stops with the onset of cold weather [527]. Flowering has been observed from as
early as mid-July [250] to as late as November [23], depending on climate and elevation.

Seeds ripen in late summer and fall [28,250,653,826]. Time of ripening depends on latitude, elevation
[67,290,612,723,858], and available moisture [653,828]. Winward [828] stated that Wyoming big sagebrush seeds
matured earlier on dry sites than near streams. Near streams, fall frosts often killed flowers before seeds were produced
[828]. Big sagebrush seeds ripen asynchronously, so there is an extended period of seed dispersal [858]. Big sagebrush
seed dispersal occurs in fall and winter [80,283,527]. Although not reported for Wyoming big sagebrush in particular,
the most viable big sagebrush seeds tend to be dispersed earliest, with half-filled seeds dispersed later [290,311]. Booth
and Bai [80] noted that viable Wyoming big sagebrush seeds from the western edge of the Great Plains could be
harvested in February or even later.

Big sagebrush germination is usually synchronous [481] and occurs in late winter and early spring [481,484,723].

Phenology of Wyoming big sagebrush in the Curlew Valley, northern Utah, at 4,430 feet (1,350 m) was as follows [250]:

root elongation: April-mid-May
shoot elongation: May- mid-August
flowering: mid-July-September
fruiting: mid-August-September

Phenology of Wyoming big sagebrush at 3 sites from 6,400 to 7,550 feet (1,950-2,300 m) in Utah and Wyoming was as
follows [28]:


https://www.fs.fed.us/database/feis/glossary2.html#phanerophyte

leaf buds beginning to swell: 15 April

vegetal growth rapid: 13 May-8 July

vegetal growth reduced, reproductive shoots and flower buds developing: by 25 July
flowering: by 5 September

seeds developing: by 23 September

Timing of phenological events depends on big sagebrush subspecies and site characteristics such as soil moisture and
elevation. In southern Idaho, timing of phenological development differed among big sagebrush infrataxa. Wyoming big
sagebrush and basin big sagebrush began growing earlier and ripened seeds later than mountain big sagebrush (table 3)
[826]. In south-central Idaho, Winward [828] concluded that variation in timing of seed maturity between Wyoming big
sagebrush and basin big sagebrush was related to available soil moisture because seeds matured earlier on drier sites.
However, variation in timing of mountain big sagebrush seed maturity appeared related to timing of fall frost more than
soil moisture. Areas with early fall frosts had earlier maturing mountain big sagebrush seeds than areas with late fall
frosts [828]. In eastern Montana, big sagebrush growing above 5,900 feet (1,800 m) initiated growth 2 to 3 weeks later
and initiated floral bud enlargement, anther development, anthesis, and dissemination 2 weeks earlier than big sagebrush

at lower elevations [311].

Table 3—Timing of phenological events for big sagebrush subspecies in
south-central Idaho [826].

Wyoming big sagebrush -
Event and basin big sagebrush Mountain big sagebrush
|ear1y shoot development ||rnid-June “early July ‘

medium shoot late June to early July |learly July

development

|full shoot development ||mid—July Hmid—July ‘
|ﬂowerheads green ||late July Hmid— to late July ‘
|ﬂowerheads yellowing ||early September “early August ‘
|pollination ||rnid-October “early September ‘
|seed ripening ||early November “mid-October ‘
REGENERATION PROCESSES:

Wyoming big sagebrush primarily regenerates from seeds [544], and occasionally vegetatively by layering [311]. Seed
production [311] and seedling emergence [497,757,786] are highly variable across years and sites. Due to high rates of
mortality, most big sagebrush seedlings that germinate do not establish [311,368,481,599,723]. Seedling establishment is
episodic [153,573,574]. The length of time between a fire and the first establishment pulse may explain, in part,
differences in postfire seedling establishment rates among burns [153]. Wyoming big sagebrush does not sprout from the
root crown or roots after the aerial portion of the plant is killed or removed [311,538].
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o Plant Growth and Mortality
» Vegetative Regeneration

Pollination and Breeding System: Big sagebrush is wind pollinated [783]. Its flowers are self-pollinating
[304,456], although outcrossing leads to greater production of viable seeds (McArthur 1984, cited in [783]). Because it
self-pollinates, isolated big sagebrush individuals can set seeds [481]. For this reason, Meyer [481] stated that seed set is
probably not strongly pollen-limited even in years when flowering is sparse. Information on seed and embryo
development and anatomy of big sagebrush can be found in a review by Welch [787].

Seed Production: Wyoming big sagebrush may produce abundant seeds during favorable years, but seed production
is highly variable and often low. Like other big sagebrush subspecies, it likely depends on plant characteristics (e.g., size,
age, and genetics), site characteristics (e.g., soil temperature and moisture regimes), and weather

seeds/year for 3 years, while a 15-year-old plant produced an average of 1,700 seeds/year during the same 3 years [311].
In a review of germination and establishment ecology of big sagebrush, Meyer [481] stated that dry, upland Wyoming
big sagebrush stands may set very few seeds except in wet years and suggested that Wyoming big sagebrush plants
allocate resources to growth in "high-stress" years and to sexual reproduction in "low-stress" years. In a common garden
in Utah, 3- to 5-year-old 'Gordon Creek' Wyoming big sagebrush cultivars produced from 1.4 to 2.3 ounces (39-64 g) of
seeds on average during 2 years of cooler and wetter than average weather. They produced fewer seeds on average (1.2
ounces (34 g)) in a year of warmer and drier than average weather [780]. Seed production can be reduced by conditions
that are too dry [859] or too wet [185]. Because Wyoming big sagebrush stands may not produce abundant seed crops
each year, seed dispersal onto disturbed sites may not occur until years when favorable moisture conditions support seed
production and seedling establishment.

Reviews reported that Wyoming big sagebrush typically produces fewer flowers and seeds than mountain big sagebrush
or basin big sagebrush, because the latter two subspecies are typically larger and occur on moister sites. Flower and seed
production may be similar among subspecies in "unusually wet years" [481,514]. Some Wyoming big sagebrush
cultivars may produce as many or more seeds than cultivars of other subspecies. During each of 3 years in a common
garden in Utah, 3- to 5-year-old 'Gordon Creek' Wyoming big sagebrush plants produced more seeds on average than 3-
to 5-year-old 'Hobble Creek' mountain big sagebrush plants [780].

The few studies that examined age of reproductive maturity of Wyoming big sagebrush found that Wyoming big
sagebrush can produce seed anywhere from 2 [780] to >10 years [767] old. In a common garden study, Wyoming big
sagebrush plants as young as 2 years old produced seeds [780]. Observations of wild populations [786] and seeded field
plots [31] show that some 5-year-old Wyoming big sagebrush plants produce seeds. Production of short shoots on big
sagebrush plants (Wyoming big sagebrush, mountain big sagebrush, and their hybrids) was observed 5 years after a
high-severity, stand-replacing wildfire near Provo, Utah [786]. A study on the northern Yellowstone winter range found
that no Wyoming big sagebrush plants had reached reproductive maturity in 10 postfire years [767].

Reduced competition for resources may increase Wyoming big sagebrush seed production. Stand thinning using
chaining resulted in an exponential increase in seed production by surviving Wyoming big sagebrush plants under
drought conditions (Davis 1992, personal communication cited in [481]).

Browsing by ungulates and other wildlife can drastically reduce Wyoming big sagebrush seed production [768]. On the
northern Yellowstone winter range, Wyoming big sagebrush plants inside 35-year-old ungulate exclosures had greater
seed production (44.7 g/plant) and seedhead number (60.3 seedheads/plant) than Wyoming big sagebrush plants outside
exclosures (seed production: 10.0 g/plant; seedhead number: 0.08 seedhead/plant) (P < 0.05 for both comparisons)
[768]. Near Glenrock, Wyoming, mature Wyoming big sagebrush plants on mined stands protected from browsing had a
3-year average seed yield of 20.7 g/plant compared to 1.4 g/plant from plants on browsed, mined stands [81]. Insect seed
predators and herbivores like thrips, which feed on flower parts, may also reduce seed production [481].

Plant pathogens, such as stem rust fungi, can reduce seed production in cultivated and probably native stands of big
sagebrush (Nelson 1992, personal communication cited in [481]).

Seed Dispersal: Wind, water, and animals disperse big sagebrush seeds [52,290,311,482,572,723,858]. Among these,
wind may be the most important [290], but it is ineffective for long-distance dispersal [572,789]. Pendleton et al. [572]
classified the dispersal mechanism of big sagebrush seeds as "microwind", meaning that the seeds are dispersed by wind
because they are light and small but lack any special structures that would allow them to float or travel long distances




[789]. Big sagebrush seeds float in water, aiding in water dispersal [290], and big sagebrush grows along stream banks,
gullies, and other water courses [290,527]. Most long-distance dispersal of big sagebrush seeds is attributed to large
mammals, because the mucilaginous seedcoat can attach to their fur [311]. Many large animals, such as mule deer and
elk, use burned big sagebrush areas [762]; thus, they may disperse big sagebrush seeds to burns. Cattle apparently do not
disperse viable seeds by consuming them. A study of cattle fecal samples in Utah found that germinability of Wyoming
big sagebrush seeds consumed by cattle was negligible [815]. No big sagebrush seeds were reportedly dispersed by
rodents near Reno, Nevada [409].

Most big sagebrush seeds are dispersed within 10 feet (3 m) of parent plants, and most fall under the crown
[270,311,723,755,789,858]; however, seedling establishment patterns indicate that some seeds disperse farther (e.g.,
[270,755]). In general, the maximum distance of big sagebrush seed dispersal by wind is about 100 feet (30 m) from the
parent plant [290,493,787]. Most big sagebrush seeds are dispersed on the downwind [153,290,311,755,789,858] or
downhill [393] side of plants. Seeds likely disperse farthest on steep or windy sites [393]. While dispersal patterns may
be related to wind direction, wind-related establishment patterns are not always evident, likely because other factors are
more important in determining establishment patterns [153] (see Seedling Establishment).

Colonization of large burns and other disturbed areas by big sagebrush may be slow because of short dispersal distances
[855] and because seeds may not disperse onto disturbed sites until years when favorable moisture conditions support
seed production and seedling establishment. Assuming a maximum dispersal distance of 100 feet (30 m) and an age of
first reproduction of 2 to 4 years, Welch [787] concluded that big sagebrush could spread 25 to 50 feet (7-15 m)/year,
and noted that it would take about 105 to 211 years to spread 1 mile (1.6 km). A Wyoming study on revegetated mined
sites found that natural recruitment of big sagebrush was most successful on sites close to a seed source, and big
sagebrush density decreased as distance from the seed source increased. Natural recruitment decreased 44-fold when
distance to the seed source exceeded 330 feet (100 m) [434].

Seed Banking: Wyoming big sagebrush has short-term persistent (1-5 years) seed banks [31,514,529,644,723,819].
Viability and germinability of Wyoming big sagebrush seeds can be extended to 5 or more years in storage
[83,376,653,790]. In the field, most big sagebrush seeds are lost from the seed bank through germination in late winter
and early spring [478,514,858], although some persist if suitable conditions are not present to cue germination
[481,514,819]. Postdispersal loss of big sagebrush seeds to rodents appears minimal [409], probably because of small
seed size [481].

Seed abundance in the soil varies among and within sites and across months and years. The number of Wyoming big
sagebrush seeds in the soil seed bank likely varies among sites depending on cover of mature plants [2,26,312,447] and
timing of sampling relative to seed dispersal [819]; however, few studies were available that quantified Wyoming big
sagebrush seed banks as of 2019. Near Mills, Utah, there was a positive correlation between Wyoming big sagebrush
cover and density of viable seeds on unburned plots during 2 years (P < 0.05 for both years). Densities of viable
Wyoming big sagebrush seeds averaged 1.5 seeds/m? in March [312]. At 6 sites in the Great Basin, densities of viable
Wyoming big sagebrush seeds 9 months after dispersal in August ranged from 0 to about 75 seeds/m? in litter and from 0
to about 125 seeds/m? in soil. Overall, seed densities were lower the next year [8§19]. Differences within and among these
two studies and their sites were attributed to the patchy distribution of seeds in soils and in soil disturbances that bury
seeds [819] (see Planting depth). Differences among studies may also be attributed to differing rates of seed dormancy
among sites and differing methods used for germinating seeds [222].

Establishment of Wyoming big sagebrush and other big sagebrush plants 1 or more years after large, severe fires
suggests that big sagebrush seeds may persist in soil seed banks at least 1 year [478,786]. Five years after an August
1999 stand-replacing wildfire near Provo, Utah, 0 to 47 big sagebrush seedlings (mountain big sagebrush, Wyoming big
sagebrush, and their hybrids) occurred in 1-acre (0.4-ha) plots along a transect. Because the closest seed source was 0.4
mile (0.6 km) away, the author concluded that these seedlings originated from soil-stored seeds surviving the fire [786].
The author did not report in which of the 5 postfire years the seedlings established.

Establishment of Wyoming big sagebrush seedlings after artificial seeding suggests that Wyoming big sagebrush seeds
may remain viable in the soil 2 to 5 [80,82,644,665] or 6 years [665] after fire.

Fire kills many big sagebrush seeds in soil seed banks [3,312] (see Immediate effects on seeds).

Germination: Germination rates of Wyoming big sagebrush seeds vary, but may exceed 90% [311,480,485]. Seeds
germinate within a wide range of temperatures [311,468]. Germination requires saturation of the surface soil [290,801],




and it occurs shortly before or soon after snowmelt, when moisture availability is high [468,481,484,514,723]. Seedling
emergence is highest when seeds are at the soil surface or buried at very shallow depths (<0.2 inch (5.0 mm)
[&amam]'
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Germination rates and dormancy: Germination rates of viable seeds vary, but they may exceed 90% [311,480,485],
depending on seed weight and environmental conditions. For example, 74% to 100% of seeds collected from 21 sites in
Montana, Wyoming, Utah, Idaho, and Nevada germinated in a laboratory [484]. Heavy seeds germinate more often and
more quickly than light seeds [17]. Temperature, light, moisture, and planting depth affect germination rates
[311,468,485]. Within populations, germination rates vary from year to year [308,311]. At the U.S. Sheep Experiment
Station, Idaho, laboratory germination of Wyoming big sagebrush seeds from a single population averaged 43%, 50%,
and 70% over 3 years. Differences among years were not significant because variability in germination within years was
high, ranging from 1% to 78% during the first year, 22% to 73% during the second year, and 27% and 91% during the
third year [308].

Wyoming big sagebrush seeds are mostly nondormant at dispersal and germinate in late winter and early spring when
germination conditions are suitable. Some seeds may persist in soil seed banks if moisture is insufficient or other
conditions necessary to cue germination are absent [481,484,485,514]. While dormancy of mountain big sagebrush seeds
is positively associated with winter severity (R? = 0.58, P < 0.001), dormancy of Wyoming big sagebrush seeds and
basin big sagebrush seeds is not associated with winter severity. Climate-related variation in dormancy in mountain big
sagebrush apparently prevents precocious germination and favors germination when chances for establishment are
greatest. A lack of a relationship between seed dormancy and winter severity in Wyoming big sagebrush was attributed
to dry conditions at Wyoming big sagebrush sites in fall, which generally prevent precious germination. A lack of this
relationship in basin big sagebrush was attributed to late seed ripening [484]. These differences illustrate the importance
of planting big sagebrush seeds that are adapted to the specific climate of a site [482,483,690] (see Value for Restoration
of Disturbed Sites).

Temperature: Wyoming big sagebrush seeds germinate within a wide range of temperatures [311,468]. In a laboratory,
McDonough and Harniss [468] found no differences in rates of germination across a range of temperatures, but Harvey
[311] reported highest germination (96%) from 54 to 57 °F (12-14 °C) [311]. Cold temperatures slow Wyoming big
sagebrush germination but may increase its germination rate. In a laboratory, Wyoming big sagebrush germination
required 3 to 6 days at most temperatures tested, except it required 13 days at the coldest temperatures tested. Cold
stratification increased the rate of germination [468]. In the field, Wyoming big sagebrush germinates in late winter and
early spring as soon as temperatures are sufficiently warm and soils moist [368].

Light: Wyoming big sagebrush seeds germinate in light or dark. Cold stratification for <4 weeks increases germination
in dark. Germination in light is much faster than germination in dark, regardless of temperature [483,485]. Germination
in dark is increased by removal of the pericarp [485] by weathering or soil microorganisms [469].

Moisture: Germination of Wyoming big sagebrush seeds occurs either shortly before or soon after snowmelt, when
moisture availability is high [468,481,484,514,723] (see Seasonal Development). Lack of moisture ("moisture stress")
slows Wyoming big sagebrush's germination and decreases its germination rate [80]. In general, open, exposed sites are
not favorable seed beds for big sagebrush because they dry too rapidly [690]. Litter may provide favorable seed beds by
creating moist, protected sites [690], but deep litter inhibits germination [481] (see Planting depth). Big sagebrush seeds
can germinate under snow, and snow cover provides a moist environment and may protect germinants from spring frosts.
Thus, the amount and timing of precipitation is important for Wyoming big sagebrush germination and seedling survival
[690] (see Moisture availability). Big sagebrush seeds require saturation of the surface soil for germination [290,801].
The highest field germination of big sagebrush in Asotin County, Washington, occurred when "the surface of the soil
was so saturated that free water appeared when pressure was applied" [290]; no information was provided on the length
of time that soils were saturated. The chances of precocious germination are likely reduced by low moisture availability
at the soil surface in fall [468].

Early spring snow provides needed moisture for seedling emergence [481,510,514,690]. A study on a revegetated mined
site near Battle Mountain, Nevada, found high emergence of Wyoming big sagebrush seedlings following a winter of



above-average precipitation and during a spring with abundant early-season moisture. The authors suggested that snow
cover in early spring followed by gradual warming presented "ideal" conditions for Wyoming big sagebrush seedling
emergence. A lack of seedling emergence at three other sites was "readily accounted for by unusually dry winter
conditions" the preceding winter [510].

Mature shrubs and downed trees trap snow, creating favorable seed beds for big sagebrush [481]. At a mined site in a
year with average winter precipitation, big sagebrush seedling density was 6 times greater in areas where snow fences
increased snowpack depth than in areas where snow fences were absent (P < 0.05). This suggested that in years of
average or perhaps below-average winter precipitation, big sagebrush seedling emergence might be greater on sites with
deep snow than on sites with shallow snow [516], as long as soils are not saturated for too long [698] (see Soil moisture).

Planting depth: Because of small size and limited energy reserves of seeds, Wyoming big sagebrush seedling emergence
is highest at the soil surface or when buried at very shallow depths (<0.2 inch (5.0 mm) [290,311,510]. Big sagebrush
seeds have hypocotyl hairs that help facilitate germination and seedling establishment on the soil surface (Young and
Martens 1991, cited in [855]). In eastern Montana, Wyoming big sagebrush emergence was 79% when planted at the
surface, 75% when planted 0.1 inch (2.5 mm) deep, 31% when planted 0.2 inch (5.0 mm) deep, and 0% when planted
0.3 inch (7.5 mm) deep [311].

Seeds may get buried by freeze-thaw and wet-dry cycles and winnowing [481,789]. Deeper burial can induce secondary
dormancy in Wyoming big sagebrush seeds and may protect seeds from lethal temperatures during fire [819] (see
Immediate effects on seeds). A study using seed bags placed at varying soil depths at six locations in the Great Basin
found that no Wyoming big sagebrush or mountain big sagebrush seeds on the soil surface were viable after 2 years. In
contrast, 29% to 36% of Wyoming big sagebrush seeds and 30% to 40% of mountain big sagebrush seeds remained
viable when buried 1.2 inches (3 cm) deep [819]. However, viability of soil-stored seeds may only last for 1 to 5 years
[31,514,529,644,723,819] (see Seed Banking).

Seedling Establishment:

Overview

Moisture availability

Interference and competition
Vesicular-arbuscular mycorrhizal fungi
Response to fire

Overview.: While disturbance is not required for Wyoming big sagebrush seedling establishment [165,166,662,760] (see
Successional Status), and one study found better establishment on unburned than burned sites [149]. Wyoming big
sagebrush establishment is generally highest when density and cover of other vegetation is low [230,403,514,563,645]
(see Interference and competition). However, Wyoming big sagebrush seedling emergence is highly variable (e.g.,
[497,757,786]), and it can be low even after fire and other disturbances that reduce vegetation cover [165] (see Postfire
seedling establishment and growth). Studies of age-class structure at nine undisturbed sites at high elevations in
Wyoming suggested that big sagebrush seedling establishment is episodic [153,573,574] (see Moisture availability).

While few examples of seedling mortality in natural populations were available as of 2019, studies of field plantings
indicate that seedling mortality is often high [311,368,481,599,723]. For example, in field plantings in eastern Montana,
Wyoming big sagebrush seedling survival was only 5.3% in the first year, and mortality was highest within the first 120
days of maximum emergence (mid-April to mid-June) [311]. At two sites in southeastern Wyoming, the percent of
Wyoming big sagebrush seedlings alive in field plantings declined steadily from April to September, and only 25% to
30% of Wyoming big sagebrush seedlings alive in April were still alive in September [372].

Moisture availability: Early or prolonged drought is a principal cause of seedling mortality [481]. Because moisture
availability is critical for Wyoming big sagebrush emergence (see Germination), Wyoming big sagebrush recruitment is
sometimes positively correlated with seasonal or annual precipitation patterns [345,443]. However, specific relationships
between recruitment and weather variables are different among sites [345], and some studies found little or no
relationship between Wyoming big sagebrush recruitment and precipitation patterns [425]. In southeastern Idaho, big
sagebrush (Wyoming big sagebrush, basin big sagebrush, and their hybrids) recruitment in burned and unburned areas
occurred after wet periods. Recruitment was slightly positively correlated with precipitation from the October to
December prior to big sagebrush establishment (R? = 0.230, partial P = 0.003) and 1 year prior to establishment (R? =
0.194, partial P = 0.023) [153]. At two sites in Nevada, Wyoming big sagebrush recruitment was associated with Pacific




Decadal Oscillation index variables during April and July, suggesting that high soil moisture availability in spring and
summer is associated with recruitment [345]. In Wyoming, Wyoming big sagebrush recruitment in relatively undisturbed
areas was positively, albeit weakly, correlated with years of above-average December (7> = 0.10) and January (7> = 0.04)
precipitation after the first growing season (P < 0.05). The authors suggested that deep snowpack protected juvenile
plants from cold temperatures and high winds and increased spring soil moisture favorable to seedling growth [443] (see
Climate). In contrast, in southwestern Montana, recruitment of Wyoming big sagebrush, basin big sagebrush, and
mountain big sagebrush over 35 years was not strongly associated with seasonal precipitation (previous summer,
previous fall, winter, spring, or summer precipitation) in either burned or unburned plots [425].

Because Wyoming big sagebrush sites are typically dry, several to many years may pass before wet weather favoring
Wyoming big sagebrush emergence and establishment occurs [652]; thus, recruitment of Wyoming big sagebrush is
episodic on many sites [153,518,573,574]. In Wyoming, recruitment episodes in relatively undisturbed Wyoming big
sagebrush stands occurred at intervals ranging from 1.9 to 2.7 years [573,574]. The researchers did not provide
information on soil temperature and moisture regimes or examine relationships between Wyoming big sagebrush
recruitment pulses and weather patterns. In southeastern Idaho, pulses of postfire big sagebrush recruitment (Wyoming
big sagebrush, basin big sagebrush, and their hybrids) occurred during wet periods, with recruitment peaking at about 9-
to 13-year intervals [153]. In central and southeastern Montana, Wyoming big sagebrush seedlings were absent from at
least 8 of 10 burned plots (4 to 67 years since fire) and 5 of 10 unburned plots, indicating that recruitment was
infrequent. Two unburned plots had no recruitment for >25 and 40 years. The authors suggested that the dry site
conditions and poorly developed soils contributed to the infrequent recruitment [166]. Revegetation efforts in many
Wyoming big sagebrush types, particularly in areas that receive <10 inches (250 mm) annual precipitation, are often
only partially successful because these types frequently receive too little moisture to sustain new seedlings [690] (see
Value for Restoration of Disturbed Sites).

While Wyoming big sagebrush is freeze tolerant, unseasonably cold weather may harm seedlings [481]. For example,
severe frosts in mid- to late-March resulted in high seedling mortality in Sanpete County, Utah [483]. Snow cover may
protect big sagebrush emergents from damage by late spring frosts [514,690], as well as browsing animals [607].

Wyoming big sagebrush establishment and growth in cheatgrass stands may be low in part because soils in cheatgrass
stands can dry rapidly. In northern Utah, Wyoming big sagebrush seedlings in cheatgrass stands encountered moisture
stress earlier in the growing season than seedlings in stands of native vegetation, and Wyoming big sagebrush
recruitment in cheatgrass stands was less [85].

Interference and competition: Wyoming big sagebrush seedling establishment appears highest on sites with low density
and cover of vegetation, such as on revegetated mined sites seeded with Wyoming big sagebrush but not other vegetation
[645,665,750,822] or recent burns on relatively moist sites [760] (see Postfire seedling establishment and growth). Initial
Wyoming big sagebrush seedling emergence may be high where Wyoming big sagebrush seed densities are high, such as
on artificially seeded sites, but mortality rates are high for closely spaced seedlings [260,510,514,552,645], likely
because of competition among seedlings for limited soil moisture [260,481]. In the Powder River Basin, Wyoming,
revegetated mined sites with the highest Wyoming big sagebrush seeding rates had the highest Wyoming big sagebrush
seedling mortality [260]. After artificial seeding on disturbed sites, only about 10% to 15% of seedlings survived due to
self-thinning. Self-thinning occurred over a 5- to 10-year period after seeding (reviewed in [514]).

Dense grasses and forbs, both native and nonnative, can reduce Wyoming big sagebrush seedling establishment and
growth [230,403,514,563,645,750]. Removal of existing vegetation from plots before planting Wyoming big sagebrush
seeds enhanced Wyoming big sagebrush survival from the earliest stages of seedling growth through the end of a 2-year
experiment [372]. In northwestern Utah, mortality of transplanted Wyoming big sagebrush seedlings was least when
vegetation was removed prior to planting. Mortality was 4.7 times greater when seedlings were transplanted into
bluebunch wheatgrass stands and 7.9 times greater when they were transplanted into nonnative desert wheatgrass stands
[230]. Because nonnative species, such as cheatgrass, may displace Wyoming big sagebrush and associated understory
species after fire, reducing cover of nonnative species prior to seeding Wyoming big sagebrush may increase Wyoming
big sagebrush establishment on burns [492] (see Considerations for nonnative invasive plants). Removal of dense
grasses and forbs by grazing livestock may result in increased big sagebrush seedling establishment [273]. Historical
overgrazing by livestock increased big sagebrush density in many areas [49,172,643,723] (see Livestock grazing).

Establishment of big sagebrush seedlings is infrequent in dense stands of big sagebrush [430,481], and it occurs mainly
in canopy openings as mature plants break down or die [430]. In Utah, survival of Wyoming big sagebrush seedlings
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was lower on sites with adult Wyoming big sagebrush than on sites with either bluebunch wheatgrass or crested
wheatgrass [599].

Response to fire: Postfire seedling establishment rates vary but are typically low. For more information, see Postfire
seedling establishment and growth.

Vesicular-arbuscular mycorrhizal fungi: VAM may improve Wyoming big sagebrush seedling survival by increasing
seedling drought tolerance [682] and total biomass [683]. In a greenhouse study, Wyoming big sagebrush seedlings
colonized by VAM from soils collected from a coal mine in northeastern Wyoming tolerated drier soils than uncolonized
seedlings (P < 0.01) [682]. Total biomass gain of VAM-colonized Wyoming big sagebrush seedlings was 1.4 times
greater (0.09 ounces (2.56 g)) than that of uncolonized seedlings (0.06 ounces (1.78 grams)) (P = 0.05), and root length
of colonized seedlings was 1.2 times greater (66.2 inches (168.2 cm)) than that of uncolonized seedlings (54.9 inches
(139.4 cm)) (P =0.05) [683].

VAM associated with Wyoming big sagebrush are killed by fire and may take several years to reestablish [493,818]. See
VAM and fire for more information.

Plant Growth and Mortality: Big sagebrush growth is highest in full sun when moisture is plentiful [290].
Wyoming big sagebrush cover declines with increasing overstory cover [624] (see Successional Status).

Wyoming big sagebrush seedlings in greenhouses and common gardens grow rapidly [28,84,265,383]. In a greenhouse,
6-month-old seedlings averaged 9.4 inches (24 cm) tall [84], and roots averaged 34.6 inches (88 ¢cm) long [792]. Stems
of Wyoming big sagebrush plants grown in a common garden for 4 months from seeds collected from Arizona, Nevada,
Utah, and Wyoming, grew 7.9 to 10.4 inches/year (20.1-26.4 cm/year) during 2 years [265]. Seedling growth varies
within and among Wyoming big sagebrush populations [323,383]. Seedlings grown from seeds collected from three sites
in Montana and planted in a common garden averaged 0.9 to 1.3 inches (2.4-3.2 cm) tall at the end of their second
growing season [383].

Early shoot growth rates of Wyoming big sagebrush are generally slower than those of mountain big sagebrush and basin
big sagebrush [28,84,265,466,477,675,795], and maximum growth rates are obtained at a younger age than mountain big
sagebrush and basin big sagebrush [84]. These differences possibly enhance the ability of Wyoming big sagebrush
seedlings to survive on dry sites [84] and sites that dry quickly in spring [481]. Differences in growth rates among the
three subspecies parallel their differences in absolute size at maturity, with Wyoming big sagebrush the shortest,
mountain big sagebrush intermediate, and basin big sagebrush the tallest [481,783]. Slower growth of Wyoming big
sagebrush than basin big sagebrush in south-central Idaho was attributed to the drier sites occupied by Wyoming big
sagebrush [828]. However, in one study, seedling growth rates were similar among the three big sagebrush subspecies
[309].

Fire may result in favorable growing conditions for Wyoming big sagebrush seedlings [842]. See Postfire seedling
establishment and growth for details.

Wet weather may increase Wyoming big sagebrush abundance (cover, density, and/or production); however, the
relationship between weather and Wyoming big sagebrush abundance is inconsistent and varies by soil temperature and
moisture regimes [6,251,395]. Models showed that Wyoming big sagebrush abundance (cover or production) on 131
sites in the western United States decreased during wetter than average years at dry sites but increased during wetter than
average years at wet sites. Wyoming big sagebrush abundance increased during warmer than average spring
temperatures at warm sites but decreased during warmer than average temperatures at cold sites. The authors suggested
that the negative correlation between Wyoming big sagebrush abundance and wetter than average years at dry sites was
due to either increased competition with perennial grasses that benefit from increased precipitation or to the subspecies'
sensitivity to saturated soils. They suggested the negative correlation between Wyoming big sagebrush abundance and
warm spring temperatures at relatively cold sites was due to either earlier snowmelt or earlier leaf out that exposes plants
to more freezing damage in spring [395]. Cover and production of big sagebrush may increase following wet weather on
some sites [185,249].

Wyoming big sagebrush growth and survival can be adversely impacted by precipitation extremes. Early or extended
drought can be an important cause of mortality [6,481,791]. Big sagebrush seedling and young plant (<3 years old)
mortality can be high under drought conditions [494]. Cawker [136] suggested that conditions favorable for high growth
rates early in summer—such as high spring temperatures and summer precipitation—may be necessary for seedlings to
develop a root system adequate to cope with late summer droughts. In a greenhouse study, Wyoming big sagebrush



seedlings had roots long enough to access the entire soil profile 45 to 50 days after germination, in time for summer
drought in the field [792]. Jones [372] assumed that because Wyoming big sagebrush seedlings grow deep roots quickly,
they would be large enough after 2 years to take advantage of deep soil water recharge. Thus, Wyoming big sagebrush
seedlings may be most vulnerable to drought during their first year or two. Although it is unknown to what extent
Wyoming big sagebrush was affected, extensive big sagebrush mortality from drought occurred during the 1930s in
Idaho [561], Montana [4,233], and Wyoming [4]. Wyoming big sagebrush appears intolerant to flooding and high water
tables. All Wyoming big sagebrush plants around Malheur Lake in Oregon died after 21 to 28 days of inundation due to
rising water levels, and many died when the water table came within 2.4 to 3.9 inches (6-10 cm) of the soil surface
[537].

Parasitic snow mold occurrence increases as snow depth increases [699,788]. Because snowpack tends to be shallower
on Wyoming big sagebrush sites than on mountain big sagebrush sites [515] (see Climate), Wyoming big sagebrush
plants are not as susceptible to parasitic snow molds as mountain big sagebrush plants [699,788]. For a review of snow
mold disease and other parasitic diseases of big sagebrush, see Welch [788].

Herbivory by wildlife and livestock also decreases growth and increase mortality of Wyoming big sagebrush. For more
information, see Herbivory.

Vegetative Regeneration: Wyoming big sagebrush does not sprout from roots or root crowns after top-kill
[311,538]. It occasionally reproduces by layering [311], although many publications state that it does not layer
[54,67,460,639]. Harvey [311] described layering by Wyoming big sagebrush as "rare"; he found three cases of layering
in Rosebud County, Montana. In a field experiment, 10% of branches secured to the soil showed adventitious root
development [311].

Some Wyoming big sagebrush hybrids may reproduce vegetatively. Silver sagebrush sprouts after top-kill, and Wyoming
big sagebrush X plains silver sagebrush hybrids usually also sprout after top-kill [461]. A Wyoming big sagebrush x
alkali sagebrush hybrid has a tendency to layer [465].

SUCCESSIONAL STATUS:

Big sagebrush tolerates shade, but growth is highest in full sun [290]. Its cover declines as tree cover increases (e.g.,
[624]) and increases when tree cover is removed [517,624]. In central Oregon, big sagebrush (Wyoming big sagebrush,
mountain big sagebrush, or both) biomass increased 1 year after ponderosa pine was thinned and western juniper was
removed [624].

Wyoming big sagebrush is a late-successional dominant or "climax" species in sagebrush steppe and shrubland
communities (e.g., [53,299,325,523,720]). Large-scale disturbances in Wyoming big sagebrush communities include
fire, herbivory, disease, and drought [243,481,788]. On many sites, big sagebrush dominates in late-successional stages
in the absence of fire or other large-scale disturbances [430]. Without disturbances for long periods, relatively moist
Wyoming big sagebrush stands adjacent to woodlands may succeed to woodlands (e.g., [176,299,623,863]).

Postfire successional patterns in sagebrush communities are considered "predictable", although the composition of
postfire communities and rates of postfire succession vary considerably [245,296], depending on numerous interacting
variables including prefire plant community and seed bank composition; site characteristics and management history;
fire size, severity, and patchiness; and postfire weather [492,493,661] (see Plant Response to Fire). Typically, annual
herbaceous plant cover increases soon after fire in sagebrush communities. Perennial grasses, forbs, and sprouting shrub
species, when present, increase and dominate. Because big sagebrush establishes only from seeds, it dominates the
postfire plant community much later in succession than grasses, forbs, and sprouting shrubs [58,296,352]. If cheatgrass
and other nonnative annual grasses invade a large proportion of the burned area, Wyoming big sagebrush may not be
able to reestablish prior to subsequent fire [493] (see Consequences of annual grass invasion). The timing of Wyoming
big sagebrush seedling establishment is highly variable, but it may occur within the first few postfire years under
favorable conditions [497,662,757,786]. On sites with early postfire big sagebrush establishment, establishment typically
slows after the first few postfire years because of depleted soil seed banks [866] and increased competition for resources
with grasses and forbs [66]. Secondary peaks in establishment may occur when big sagebrush individuals that
established soon after fire mature and produce seeds [156]. Thereafter, establishment may be episodic [345,573,574] (see
Seedling Establishment).

Shrub cover in undisturbed, late-successional Wyoming big sagebrush communities is typically <25% [285,495] (see
Stand structure). On shallow to moderately deep loamy to clayey soils with mesic soil temperature regimes and aridic
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soil moisture regimes in southeastern Oregon, Evers [243] identified four general successional stages, with Wyoming big
sagebrush cover as follows:

1. early-successional stage: grasses and forbs dominant with Wyoming big sagebrush seedlings present: <1%;

2. midsuccessional, open stage: grasses and forbs dominant with Wyoming big sagebrush subdominant: 1% to 8%;
3. late-successional, open stage: grasses, forbs, and Wyoming big sagebrush codominant: 8% to 20%; and

4. late-successional, closed stage: Wyoming big sagebrush dominant: >20% [243].

In Thunder Basin National Grassland, Benkobi et al. [59] classified Wyoming big sagebrush/western wheatgrass-blue
grama shrub steppe into four successional stages, with Wyoming big sagebrush cover in each stage as follows:

1. early-successional stage: 17%;

2. early- to midsuccessional successional stage: 7%;
3. mid- to late-successional stage: 22%; and

4. late-successional stage: 55%.

Graminoids dominated all stages except the late-successional stage [59]. The Wyoming Interagency Vegetation
Committee [845] classified early-successional Wyoming big sagebrush communities as having 0% to 5% Wyoming big
sagebrush cover, midsuccessional communities as having 5% to 15% cover, and late-successional communities as
having >15% cover.

Several researchers documented decreases in perennial grass cover and herbaceous plant abundance as Wyoming big
sagebrush cover increased above 12% to 15% (e.g., [289,617,724,731,827]), but the relationship likely depends on
disturbance history (especially livestock grazing intensity), successional stage, soil type, annual precipitation, and grass
species present [153,583,791]. For example, in southern Idaho, basal area cover of Thurber needlegrass and Sandberg
bluegrass decreased from 2.4% to 0.2% and 4.8% to 2.3%, respectively, while Wyoming big sagebrush cover increased
from 12% to 21% [724], and in northeastern and central Nevada, basal area cover of needle and thread decreased from
7.5% to 1.4% as Wyoming big sagebrush cover increased from 1.3% to 13.5% [731]. In Daggett County, Utah, Goodrich
et al. [289] estimated a 3.8% decrease in understory herbaceous production for every 1% increase in Wyoming big
sagebrush cover using two Wyoming big sagebrush stands with 0% to 8% Wyoming big sagebrush cover, but
acknowledged that the relationship between Wyoming big sagebrush cover and herbaceous plant production is unlikely
to be linear. They expected a further reduction in the rate of understory herbaceous production as Wyoming big
sagebrush cover increased above ~5% [289].

Some authors question the inverse relationship between big sagebrush abundance and perennial grass cover
[153,184,791]. Welch and Criddle [791] found no correlation between big sagebrush cover and perennial grass cover
using data from 33 transects in Idaho, Oregon, Utah, Washington, and Wyoming [791], although the subspecies of big
sagebrush included in their analyses were not specified and the examples given in support of their results were largely
from mountain big sagebrush communities or were not specified. Colket [153] examined the response of total perennial
grass cover to increasing Wyoming big sagebrush density after fire and found no relationship. When cover of individual
perennial grass species was examined, Sandberg bluegrass was the only species for which total cover was correlated
with Wyoming big sagebrush density (P = 0.04). The relationship was positive, and was likely due to the fact that both
Sandberg bluegrass and Wyoming big sagebrush are late-successional species in Wyoming big sagebrush steppe [153].

The time required for Wyoming big sagebrush communities to advance to late succession varies substantially among
sites. My analyses of Wyoming big sagebrush postfire recovery data showed slow postfire recovery of Wyoming big
sagebrush cover, overall. When postfire recovery values were averaged within 5-year time-since-fire bins, full recovery
did not occur within 66 years since fire, although a few sites neared recovery (see Analysis of postfire recovery studies).
In a model, Wyoming big sagebrush communities in southeastern Oregon reached the late-successional, closed canopy
stage in about 78 years in the absence of disturbance. When disturbances from fire, insects, pronghorn, and drought were
included in the model, it took 83 years to reach that stage [243].

At some locations, conifers can expand into Wyoming big sagebrush communities when the interval between fires
becomes long enough for trees to establish and mature [496], converting them to woodlands [623,738]. Conifer
expansion is most common in Wyoming big sagebrush communities on relatively warm, moist sites [367,493,496] (table
6) (see Woodland Expansion). Where soil temperature and moisture regimes are suitable, big sagebrush and other woody
plants act as nurse plants that facilitate establishment of junipers and pinyons [125,228,297,490,498,680].




Miller et al. [490,502] categorized succession from mountain big sagebrush communities to western juniper woodlands
in three phases, and subsequent researchers have applied these phases to woodland succession in Wyoming big
sagebrush communities (e.g., [176,863]):

o carly-successional stage (Phase I): shrubs and herbs dominant, and few trees present
¢ midsuccessional stage (Phase II): trees codominant with shrubs and herbs
¢ late-successional stage (Phase III): trees dominant, shrubs reduced >75% [490,502]

A fourth late-successional, closed stage or "mature" phase (Phase V), is sometimes included in woodland succession
where trees are dominant, shrubs and herbaceous plant cover is minimal or absent, and shrubs are >90% dead [502,508].
The time required to transition between phases in woodland succession is variable and depends on the sagebrush taxon
and site characteristics. Although not reported for Wyoming big sagebrush communities, successional advancement from
mountain big sagebrush and low sagebrush communities to western juniper woodlands (Phase I to Phase III) varied from
60 to 80 years on cool, moist sites to >125 years on warm, dry sites in southeastern Oregon and southwestern Idaho
[367,493]. Johnson and Miller [367,493] developed a chart for mountain big sagebrush communities with varying
productivity that hypothesizes the time necessary to transition from initial western juniper establishment to development
of late-successional woodlands. Rates of succession varied with elevation and insolation exposure, with fastest
development on high-elevation, low-exposure sites (i.e., cool, relatively moist sites, ~70 years) and slowest development
on low-elevation, high-exposure sites (i.e., warm, dry sites, ~130 years) (fig. 4). This suggests that Wyoming big
sagebrush communities on warm, dry sites would also take longer—Tlikely >125 years—to succeed to late-successional
western juniper woodlands than those on cooler, moister sites. In big sagebrush communities, the transition from
midsuccessional to late-successional woodlands causes a shift from shrub and herbaceous fuels to a predominance of
tree canopy fuels. With these changes, the potential for surface fires burning under moderate weather conditions declines
and the potential for crown fires burning under extreme weather conditions increases [216,493,504,623,846,863] (see
Fuels).

Figure 4—Hypothesized time periods from initial western juniper establishment (early Phase I) to development of
late-successional woodland (Phase III), and estimated maximum density and cover of western juniper on mountain
big sagebrush sites with varying elevation and insolation exposure (i.e., a gradient of relatively cool/moist to
warm/dry sites) [367,493].

Researchers have developed numerous state-and-transition models that describe successional processes and model
community transitions following natural and human-caused disturbances in Wyoming big sagebrush communities,



including the establishment and spread of cheatgrass and the expansion of juniper woodlands into Wyoming big
sagebrush communities (e.g., [141,142,176,242,314,714,803]). For more information, see State-and-transition models.
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Figure 5—A wildfire in a Wyoming big sagebrush community in southern
Idaho with a nonnative invasive annual grass understory. Photo by Douglas
Shinneman. Image from A Legacy of Sagebrush Science Photo Gallery.

Immediate Fire Effects:
Immediate effects on plants: Fire typically kills Wyoming big sagebrush; thus, fire reduces its cover and density (e.g.,
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sagebrush/thickspike wheatgrass communities in eastern Montana tends to completely consume Wyoming big
sagebrush; severe fire burns out the stem at ground level. Clark and Starkey [148] stated that a fire intense enough to
scorch the foliage kills big sagebrush plants. Fires tend to leave patches of unburned vegetation, where big sagebrush

plants survive [66,563].

Immediate effects on seeds: Fire kills many big sagebrush seeds in soils, although some may survive
[3,144,145,312,313]. Big sagebrush seeds lack a thick seed coat or other adaptations to survive fire [217]. Seeds on the
soil surface are exposed to the highest temperatures during fires [791], and are the most vulnerable to fire-caused
mortality. Repeated burning is likely to deplete Wyoming big sagebrush seed banks and increase the postfire recovery
period [148].

Few data were available for quantitatively assessing fire effects on Wyoming big sagebrush seed banks. Studies of big
sagebrush seed structure, dispersal, and postfire seed banks indicate that fire likely reduces the abundance of viable
Wyoming big sagebrush seeds in soil seed banks [3,312,791,858]. For example, 2 months after a wildfire near Mills,
Utah, density of viable Wyoming big sagebrush seeds averaged 1.8 seeds/m? on burned plots in September, while density
averaged 3.7 seeds/m? on paired, unburned plots. The density of seeds on burned plots remained lower than the density
on the unburned plots for at least a year (table 4) [312]. However, one frequently cited study suggested that fire may
have little effect on germination of Wyoming big sagebrush seeds in the soil. This study showed that Wyoming big
sagebrush emergence in a greenhouse was similarly low (<5 seedlings/m?) in 2-inch (5-cm) deep soil samples from
unburned plots and plots burned at low or high severity with a propane torch prior to collection. The low-severity plots
reached a maximum soil surface temperature of 219 °F (104 °C) after 30 seconds, and the high-severity plot reached a
maximum soil surface temperature of 781 °F (416 °C) after 60 seconds. Sites were treated sometime between July and
September and germinated in a greenhouse sometime between January and October [144,145].

Table 4—Density of viable Wyoming big sagebrush seeds (seeds/m?
(SE)) in the upper 2 inches (5 cm) of soil on unburned and burned sites
near Mills, Utah, for several collection dates following a 26 July 1981
prescribed fire. Soil samples (7 = 20) were 2.1 inches (5.4 cm) in
diameter and 2.0 inches (5.0 cm) deep [312].

| Sampling date |

Site September ||December |[March June September
1981 1981 1982 1982 (1982

[Unburned [[3.7(1.9) [[5.8(4.0) |[1.5(1.2) [/0.3(0.3)][0.7 (0.7) |

Burned  [[1.8 (1.5) [0 10.3(0.5) |0 0.3 (0.5 |

Most big sagebrush seeds are located in the litter under parent shrubs [311] (see Seed Dispersal). Litter is typically
consumed during fire, and the soil surface can reach lethal temperatures even during low-intensity fire [3]. Lethal
temperatures for plant tissues generally range from about 104 to 158 °F (40-70 °C), although some seeds can survive
exposure to higher temperatures. The temperature at which plant tissues die decreases as exposure time increases (e.g.,
[353,427]). Large, severe wildfires may leave few to no viable big sagebrush seeds in soil seed banks [538]. On the Hart
Mountain National Antelope Refuge, Oregon, most Wyoming big sagebrush seeds and seedlings were killed by a high-
intensity (mean fireline intensity: 1,321 kW/m?), September prescribed fire, but some seeds apparently survived and
germinated the following spring [842].

Fire effects on big sagebrush seeds depend on location of seeds, including depth of burial and the magnitude and
duration of soil temperatures reached during fire, which are spatially heterogeneous due to variability in fuel loads
[41,404]. Buried seeds are more protected from lethal temperatures during fire than seeds in litter or on the soil surface
[51,284]. Based on the data in table 5, Miller et al. [493] concluded that big sagebrush seeds in soil seed banks are least
likely to survive fire underneath woody plant canopies and that seeds located on the soil surface or in litter have a high
probability of being consumed or exposed to lethal temperatures during fire.

Table 5—Average and peak soil surface and subsurface temperatures measured in big sagebrush,
cheatgrass, and pinyon-juniper communities in the western United States.

Average soil surface
temperatures, unless Source
otherwise noted

Plant Fire Site

Location . L -
community characteristics||characteristics




Idaho mountain big |[late October ||tree or shrub 174-399 °F (79-204 °C) [41]
sagebrush prescribed interspaces
with western ||fire
WIH tree canopy o o
juniper litter 399-1,292 °F (204-704 °C)
early October bare ground  [[590 °F (310 °C) |
Nevada . .. |[prescribed |under grasses ||585 °F (307 °C) \
mountain g e [under shrubs__|[718 °F (381 °C) |
sagebrush and [404]
Wyoming big [mid- lbare ground (487 °F (253 °C) [
sagebrush November |under grasses ||57O °F (299 °C) |
prescribed
fires |under shrubs ||639 °F (337 °C) |
1369 °F (187 °C) |
d}?u'blec-l d early under grasses (<131 °F (55 °C)
¢ a(lin?:l an September at 1.0-inch (2.5-cm) deep 284]
seede :
Utah pinyon- Ifgrescrlbed under juniper  |[>1,431 °F (777 °C) [
juniper e and pinyon {550 °F (288 °C)
debris pile at 1.0-inch (2.5-cm) deep
248 °F (120 °C)
early J.uly peak temp on surface
"hear prescribed 167 °F (75 °C)
monocultures”||fir¢ peak temp. at 0.4-inch
0.1-cm) dee
.Of cheatgrass under grasses ( ) decp [51]
in big 293 °F (145 °C)
sagebrush early June peak temp. on surface
Washington|[StePPC prescribed 140 °F (60 °C)
fire kt t 0.4-inch
peak temp. at 0.4-inc
(0.1-cm) deep

Postfire Regeneration Strategy [691]:

Shrub without adventitious buds and without a sprouting root crown
Ground residual colonizer (on site, initial community)
Initial off-site colonizer (off site, initial community)
Secondary _colonizer (on- or off-site seed sources)

Fire Adaptations: Wyoming big sagebrush is poorly adapted to survive fire [614,765,786,830]. Plants are easily
killed by fire (e.g., [66,118,129,150,229,257,496,538,567,770,840]); they do not sprout [311,538]. Big sagebrush seeds
lack a thick seed coat or other adaptations to survive fire [217].

Hybrids: Wyoming big sagebrush x plains silver sagebrush hybrids usually sprout after top-kill by fire [461].
Plant Response to Fire:

Overview
Postfire seedling establishment and growth
Analysis of postfire recovery studies
Vegetation and site characteristics
o VAM and fire
Fire characteristics
o Postfire weather
e Postfire herbivory
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Overview: Postfire establishment of big sagebrush is from on-site and off-site seed sources [403,495,529,723,866,867].
Fires can create favorable conditions for Wyoming big sagebrush germination and seedling establishment by releasing
nutrients and reducing cover of vegetation, which increases available growing space and the amount of sunlight reaching
the soil surface (e.g., [68,69,70,196,363,493,595], but see [70]). Postfire seedling establishment is variable, but often low
[1,35,36,165,662,774,807]. Several to many years may pass before moisture conditions are favorable for Wyoming big
sagebrush emergence and establishment [652], and a principal cause of Wyoming big sagebrush seedling mortality is
early or prolonged drought [481]. If postfire moisture conditions are favorable and Wyoming big sagebrush establishes
soon after fire, its rate of postfire recovery may be relatively rapid. If Wyoming big sagebrush does not establish soon
after fire, other species may establish first and reduce the availability of suitable sites for Wyoming big sagebrush
germination, thus slowing the rate of postfire recovery [153].

Postfire seedling establishment and growth: Wyoming big sagebrush establishes from seeds in soil seed banks and from
unburned plants (on-site or off-site) after fire [129,529,723,786]. Because seeds disperse relatively short distances, are
relatively short-lived, and easily killed by fire, distribution of seed sources is an important driver of big sagebrush
postfire establishment. Within the first few postfire growing seasons, seeds in the soil and from unburned plants are
critical to big sagebrush seedling establishment. As succession proceeds, big sagebrush that established soon after fire
mature and contribute seeds for subsequent establishment [156,392]; however, seedling establishment within the first
few postfire years may not occur in Wyoming big sagebrush communities despite the availability of seed sources
because of unfavorable moisture availability, competition for resources with grasses and forbs, lack of VAM, or other
factors. The length of time between a fire and the first establishment pulse may explain, in part, differences in postfire
Wyoming big sagebrush seedling establishment rates [153].

Several studies show Wyoming big sagebrush seedling establishment occurs within the first few years after fire
[497,567,662,757,811,856]. However, the timing of peak postfire establishment varies among sites (e.g., [153,567]), and
postfire seedling establishment may be absent or limited on some sites for many years even when seed sources are
located nearby (e.g., [35,153,165,166,452,567,770,774,807,811]). One study of big sagebrush (Wyoming big sagebrush,
basin big sagebrush, and their hybrids) in sixteen 5- to 28-year-old burns in the Columbia Basin found that initial
seedling establishment on most burns occurred within the first few postfire years. It occurred within the first or second
postfire year on 12 burns and within 4 postfire years on three burns; only one ~14-year-old burn had no big sagebrush
reestablishment. The fire on the 14-year-old burn occurred during a year of below-average winter precipitation (66%—
77% of normal) [662].

Studies that examined postfire establishment of Wyoming big sagebrush in the first few postfire years often found very
low seedling establishment. Many studies found no establishment in the first few postfire years
[35,229,452,567,770,774,807], or even a decade or more after fire [165,452,662]. On the northeastern flank of the
Canyon Mountains, Utah, a "few" Wyoming big sagebrush seedlings were present 3 years after a July wildfire in a late-
successional Wyoming big sagebrush community. The authors stated that Wyoming big sagebrush "was slow to
reestablish" despite nearby unburned patches with mature Wyoming big sagebrush plants [811]. In the Sheepshead
Mountains in southeastern Oregon, no Wyoming big sagebrush seedlings occurred in burned plots the first 2 postfire
years after a large August wildfire [35]. In postfire year 3, only "a few scattered seedlings" were observed [36]. The
authors suggested that there might have been a limited seed pool and/or poor establishment conditions that limited
Wyoming big sagebrush establishment [35,36]. Young and Evans [856] observed no big sagebrush (probably Wyoming
big sagebrush) seedlings 1 year after a wildfire near Reno, Nevada, and low seedling establishment in postfire years 2 to
4 (<0.02 seedling/10 m?). Near Tooele, Utah, no Wyoming big sagebrush seedlings were present 20 months after an
October prescribed fire in Wyoming big sagebrush communities in the early stage of Utah juniper expansion [774]. In
southwestern Montana, Wyoming big sagebrush seedlings were still absent from a Wyoming big sagebrush stand 6 years
after prescribed fire. Wyoming big sagebrush cover was only 1.8% in postfire year 17 [770]. Wyoming big sagebrush
plants did not occur in a Wyoming big sagebrush/western wheatgrass stand 14 years after a wildfire in the Missouri
River Breaks region of central Montana [229].

Fire may result in favorable growing conditions for Wyoming big sagebrush seedlings along unburned perimeters. On
the Hart Mountain National Antelope Refuge, Wyoming big sagebrush seedlings along the unburned perimeter of a
September prescribed burn were taller (2.0-9.8 inches (5-25 cm)) than those in unburned interior areas (0.4-1.2 inches
(1-3 cm)). In addition, flowering shoots of Wyoming big sagebrush were more numerous on plants located along the
unburned perimeter than on plants in unburned interior areas. These results were attributed to likely greater nutrient and
water availability along the burn perimeter than in unburned interior areas [842].

Analysis of postfire recovery studies:



Analyses in this publication showed that postfire recovery of Wyoming big sagebrush cover
is generally slow. Overall, Wyoming big sagebrush cover on burned sites was less than that
on unburned sites. However, cover varied among sites, particularly for sites 26 to 35 years
since fire (fig. 7A). When postfire recovery was averaged within 5-year, time-since-fire bins,
full recovery did not occur within 66 years since fire, although a few sites neared recovery
(fig. 7B), suggesting that Wyoming big sagebrush postfire recovery may be faster on some
sites and in some ecoregions than in others (fig. Al). Computations of postfire recovery
were complicated by small sample sizes of old burns (only 13 of 112 sites were >20 years
since fire) and high variability in Wyoming big sagebrush cover among unburned sites,
which ranged from 1% to 49%.

The length of time for Wyoming big sagebrush cover to return to prefire or unburned values (i.e., postfire recovery time)
has been the focus of numerous studies (table A3) due to concerns regarding habitat requirements for sagebrush
obligates like sage-grouse. Postfire recovery time is determined by comparing Wyoming big sagebrush abundance
(usually cover, but also density and height) on burned sites to its abundance before fire or on similar, unburned sites over
time. This presumably indicates the time needed for big sagebrush to "regain full coverage and maturity" after fire [20].
Estimates of postfire recovery time are strongly influenced by cover values on unburned sites, which vary substantially.
Some of this variability stems from site characteristics (e.g., poor growing conditions leading to low potential cover, or
the reverse) while some may be due to past land uses (e.g., livestock grazing or fire exclusion that increased shrub cover)
[20,600]. Thus, the assumption that unburned sites consistently represent full recovery may be inaccurate. This is an
important consideration because postfire recovery time is sometimes used to estimate fire frequency in Wyoming big
sagebrush communities, based on the premise that Wyoming big sagebrush communities did not burn, on average, more
frequently than the time required for them to recover [20,839] (see the FEIS synthesis Fire regimes of Wyoming big
sagebrush and basin big sagebrush communities for more details). For example, in John Day Fossil Beds National
Monument, Oregon, plots burned under prescription in fall had 8% prefire cover of Wyoming big sagebrush and only
0% to 3% cover in postfire year 15, suggesting poor recovery. However, prefire cover on unburned plots ranged from 9%
to 18%, but similarly declined to 1% to 3% in postfire year 15. Without considering prefire data, comparison of burned
and unburned plots in postfire year 15 might have suggested that Wyoming big sagebrush cover was nearing recovery,
because cover on burned and unburned plots in postfire year 15 was relatively similar. The authors did not know why
cover on unburned plots had declined, but cheatgrass invasions, browsing by native ungulates, insect outbreaks, or other
unknown causes might have contributed [452].

In order to synthesize information on Wyoming big sagebrush postfire recovery time, I obtained data on Wyoming big
sagebrush cover and postfire recovery from 112 burned sites (fig. 6) examined in 24 published studies (table A3). 1
obtained most data from publications, but for two studies I obtained site-level data directly from researchers [168,423].
In most studies, researchers compared Wyoming big sagebrush cover on burned sites to cover on nearby unburned sites.
Burned sites ranged from 1 to 66 years since fire, with mean Wyoming big sagebrush cover values ranging from 0% to
26%. Mean cover values on unburned sites also ranged widely (1%-49%) and averaged 13% cover
[38,39,43,46,72,129,149,165,168,196,221,229,234,317,423,452,474,567,716,760,770,775,807,842]. In three studies,
postfire Wyoming big sagebrush cover was compared with prefire cover [129,452,567].
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Figure 6—Approximate locations of postfire recovery study sites in Wyoming big sagebrush communities. In one
case [129], study site locations could not be identified. A study site location in south-central British Columbia is not
shown [221]). Distribution of Wyoming big sagebrush Biophysical Settings is based on LANDFIRE data [416].
Click on the map for a larger image.

Methods: To assess changes in mean cover and postfire recovery across all 112 sites over time, I averaged data in 5-year,
time-since-fire bins and plotted mean cover (fig. 7A) and recovery (the ratio of burned to unburned cover) (fig. 7B)
versus time-since-fire. To explore whether changes in cover and postfire recovery over time differed geographically, I
plotted mean cover and postfire recovery by time-since-fire for each of seven ecoregions (fig. Al). Data and site
descriptions were insufficient to statistically examine the relationship between postfire recovery times and soil
temperature and moisture regimes or other site characteristics.

Results: Mean Wyoming big sagebrush cover on burned sites remained below that of the average of all unburned sites
(13.4%) on all but one site, but cover on burned sites varied, particularly for sites 26 to 35 years since fire (fig. 7A).
Variability in cover among these burned sites was likely high because of small sample sizes. Of the 112 burned sites
examined, only 4 (4%) were 26 to 35 years since fire, and cover on those sites ranged from 0.4% 26 years since fire to
26.4% 33 years since fire.

Wyoming big sagebrush cover recovered slowly (fig. 7B). Averaged in 5-year time-since-fire bins, full recovery of
unburned cover did not occur within 66 years since fire. None of the 112 burned sites were recovered. Only three burned
sites neared recovery (93%-96% of unburned values), and all of these were located near Wisdom in southwestern
Montana. One burned site recovered to 26.4% cover by postfire year 33, which was 93% of a paired, unburned site with
28.5% cover [423]. This was the only burned site that exceeded 20% cover of Wyoming big sagebrush, which is the
amount of sagebrush cover typically found in sage-grouse winter habitat [15,160,173,619]. The two other burned sites
neared recovery with 11.1% and 13.4% Wyoming big sagebrush cover 9 years since fire. These sites were compared
with paired, unburned sites that had 11.6% and 13.9% Wyoming big sagebrush cover [760]. Only two other burned sites
exceeded ~40% postfire recovery. One site had 72% recovery in postfire year 32 [760], and the other had 76% recovery
in postfire year 29 [775]. Researchers considered postfire recovery rates on these five burned sites "atypical" [757] and
"exceptional" [19]. Postfire recovery might have been relatively rapid on these sites because they were relatively moist.
Average annual precipitation was >12 inches (300 mm) at these sites [426,760,775] (see Vegetation and site
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characteristics). In addition, these sites were burned under prescription [423,760,775], and recovery may be faster after
prescribed fires than wildfires if prescribed fires are smaller and patchier [392,520] (see Fire characteristics). None of
the remaining 107 burned sites exceeded 5.4% Wyoming big sagebrush cover up to 66 years since fire. Most (83 of 112)
had <1% cover. The 6 oldest sites ranged from 36 to 66 years since fire. These sites were only 0% to 18% recovered
[168], were located where annual precipitation averaged 10.8 to 16.35 inches (274-415 mm), and were burned by
wildfires [166].

A)

B)

Figure 7—Wyoming big sagebrush cover and postfire recovery versus time-since-fire in Wyoming big



sagebrush communities. A) Mean cover (SE) of Wyoming big sagebrush on burned sites (circles) in 5-year,
time-since-fire bins plotted with mean cover of paired, unburned sites (triangles); B) Mean ratio (SE) of
burned to unburned (or prefire) cover (i.e., "postfire recovery") of Wyoming big sagebrush in 5-year, time-

since-fire bins.

Considering the widespread distribution and importance of Wyoming big sagebrush communities, postfire recovery
studies are limited geographically. Wyoming big sagebrush communities, as represented by LANDFIRE's Biophysical
Settings [415], occur in 24 of the Level III ecoregions mapped by Omernik and Griffith [549]. Postfire recovery data
were available from seven of these ecoregions, although the number of burned study sites in each varied from 3 in the
Snake River Plain to 29 in the Northwestern Great Plains, and only four ecoregions had >10 study sites each. Data were
lacking on sites exceeding 20 years since fire, with only 13 of 112 sites >20 years since fire. Only two ecoregions had
study sites that exceeded 20 years since fire: the Middle Rockies and the Northwestern Great Plains ecoregions. More
data are needed on postfire recovery of Wyoming big sagebrush on sites that are >20 years since fire.

When Wyoming big sagebrush cover and postfire recovery were plotted against time-since-fire for each ecoregion,
postfire recovery appeared slow on all sites in all ecoregions, except three sites in the Middle Rockies ecoregion that
neared recovery (fig. Al). However, differences in the number of study sites and time-since-fire made it difficult to
compare recovery among ecoregions. For example, time-since-fire exceeded 20 years in only two of the seven
ecoregions, and postfire recovery of Wyoming big sagebrush within 20 years is unlikely. However, differences in the
number of study sites and time-since-fire made it difficult to compare recovery among ecoregions. For example, time-
since-fire exceeded 20 years in only two of the seven ecoregions, and postfire recovery of Wyoming big sagebrush
within 20 years is unlikely. In these two ecoregions, 3 of 27 sites in the Middle Rockies neared recovery (>90%
recovery) 9 to 33 years since fire [423,760,775], while no sites in the Northwestern Great Plains recovered or neared
recovery within 66 years since fire [72,165,168,229]. While most sites in the Middle Rockies were slow to recover, sites
in the Middle Rockies nearing recovery were relatively moist [426,474,760,775], suggesting that Wyoming big
sagebrush cover may occasionally recover on relatively moist Wyoming big sagebrush sites within about 33 years.
While some sites in the Northwestern Great Plains were dry, others were relatively moist [72,165,166,229], yet no sites
>20 years since fire had recovered [168]. Heavy browsing of Wyoming big sagebrush by wild ungulates may have
contributed to slow recovery on some sites in the Middle Rockies ecoregion (e.g., [474]) (see Postfire herbivory).
Similarly, slow postfire recovery was attributed to heavy browsing by wild ungulates at mountain big sagebrush sites in
this ecoregion [329,474,767]. Heavy postfire browsing by wild ungulates was not mentioned in studies of Wyoming big
sagebrush with the highest postfire recovery [425,760,775].

Baker [20] reviewed 10 postfire recovery studies with cover and density data from ~70 Wyoming big sagebrush sites in
the Colorado Plateaus (n» = 1 study), Middle Rockies (n = 6 studies), Northwestern Great Plains (n = 1 study), and Snake
River Plain (n = 2 studies) ecoregions. He concluded that Wyoming big sagebrush postfire recovery is highly variable
and often slow. He estimated that Wyoming big sagebrush takes 50 to 120 years to recover after fire, with faster recovery
possible in some "exceptional" sites. However, he acknowledged that "evidence is too limited to accurately estimate the
time for full recovery of Wyoming big sagebrush after fire" [20]. Baker used different criteria for inclusion of studies
than I did (e.g., I did not include studies that did not specify the age of the burn, the subspecies of big sagebrush studied,
or provide Wyoming big sagebrush cover) and only six studies were included in both his and my analyses, so our results
are not directly comparable. Nonetheless, my analyses agree with that of Baker [20]. I too found that data are too limited
to accurately estimate Wyoming big sagebrush postfire recovery time and that postfire recovery varies widely among
sites, but is typically slow.

Wyoming big sagebrush cover requires a longer time to recover than mountain big sagebrush because it occurs on
warmer, drier sites [90,105,118,474] (see Vegetation and site characteristics). Analyses by Innes [356] in the FEIS
Species Review about mountain big sagebrush showed full recovery of mountain big sagebrush cover began around 26
to 30 years since fire, when data were averaged in 5-year time-since-fire bins. The same analyses of Wyoming big
sagebrush show that full recovery did not occur within 66 years since fire, although a small proportion (<3% of sites)
neared recovery.

Sites with sprouting Wyoming big sagebrush hybrids likely recover faster than those without such hybrids, but no studies
reported postfire recovery times of cover for hybrids. Studies of postfire recovery of big sagebrush cover that combined
data for Wyoming big sagebrush, other big sagebrush taxa, and their hybrids [662,786] showed high variability among
sites. For example, Shinneman and Mcllroy [662] examined recovery of big sagebrush (Wyoming big sagebrush and/or
basin big sagebrush communities and possibly their hybrids) 5 to 28 years since fire in the northern Columbia Basin.
They found that big sagebrush cover on only 1 of 16 burned sites had recovered to unburned values in 28 years since
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fire. Models predicted that big sagebrush cover would average only ~6% in postfire year 28 compared with an average
of ~16% cover on unburned sites, with model uncertainty increasing over time. The rate of recovery was largely
explained by precipitation patterns after fire [662] (see Postfire weather).

The following sections discuss factors that influence postfire recovery of big sagebrush including prefire plant
community and seed bank composition; fire characteristics such as fire severity, season, pattern, and size; postfire
weather; and postfire herbivory [492,493].

Vegetation and site characteristics: Warm, dry sites typically characterized by Wyoming big sagebrush communities
tend to be less resilient to fire and other disturbances and less resistant to postfire nonnative annual grass invasion than
cold and cool, relatively moist sites characterized by mountain big sagebrush and mountain shrub communities (table 6,
fig. 8) [142,491,492]. Warm, dry sites are less favorable for native plant growth and reproduction, and nonnative annual
grasses—primarily cheatgrass—are more invasive. Warm, dry sites typically occur at lower elevations than cool, moist
sites, but this relationship is modified by slope and aspect, due to their influence on soil temperature and moisture
regimes [141,142,493].

Table 6—Sagebrush ecological types and their resilience to disturbance and resistance to nonnative
annual grass invasion ([142], modified from [491,492]). Ecological types characterized by
Wyoming big sagebrush are highlighted in yellow.
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sagebrush, and/or low ||decrease resilience on
sagebrush ||the coldest sites.

Figure 8—A conceptual model of A) resilience to disturbance and B) resistance to cheatgrass invasion as they
relate to soil temperature and moisture regimes, elevation, and productivity gradients in the Great Basin.
Predominant sagebrush types that occur along this continuum include Wyoming big sagebrush on warm, dry
(mesic/aridic) sites; mountain big sagebrush on cool, moist (frigid/xeric) sites; and mixed mountain shrublands
with mountain big sagebrush and sprouting shrubs on cold, moist (cryic/xeric) sites. As environmental gradients
move from left to right, resilience, resistance, and biomass (i.e., fuels) increase ([142,493], adapted from
[139,141)).

Among the three major big sagebrush taxa, Wyoming big sagebrush generally recovers slowest because it grows more
slowly [118] (see Plant Growth and Mortality) and occurs on the driest sites [103,425,493,538]. Mountain big sagebrush
and basin big sagebrush recover more rapidly [425,767].

Because soil temperature and moisture regimes vary among Wyoming big sagebrush sites and include warm and dry,
cool and dry, and warm and moist soil temperature and moisture regimes [142,493] (table 6), establishment and recovery
of Wyoming big sagebrush is likely to vary among these sites, with recovery on warm and dry sites slower than that on
cooler and moister sites [19,20]. However, a study of postfire recovery of Wyoming big sagebrush in central and
southeastern Montana did not find a relationship between average annual precipitation and Wyoming big sagebrush
postfire recovery time. This study examined postfire recovery of Wyoming big sagebrush on 24 sites with average
annual precipitation ranging from 10.8 to 16.4 inches (274-415 mm). It found that Wyoming big sagebrush recovered
very slowly, even on sites with the highest average annual precipitation [166] (see Postfire weather).

High prefire cover of big sagebrush may increase its postfire recovery rate [128,287], perhaps because sites with high
prefire cover also have favorable moisture conditions for seedling establishment [128]. For example, on the Deerlodge
National Forest, Montana, postfire cover of mountain big sagebrush seedlings was greatest on relatively moist sites that
had high prefire mountain big sagebrush cover [128]. Mountain big sagebrush recovered more rapidly after fire in



northeastern Utah on sites with >20% prefire mountain big sagebrush cover than sites with <20% prefire cover [287].
However, few studies had reported on this relationship for Wyoming big sagebrush as of 2019.

Cheatgrass is very problematic in Wyoming big sagebrush communities, and its invasion has resulted in cheatgrass
monocultures in many arid, low-elevation sites that were formerly Wyoming big sagebrush communities, particularly in
eastern Washington, Oregon, southern Idaho, Nevada, and Utah [496] (fig. 17). Wyoming big sagebrush sites where
cheatgrass has become dominant after fire may not recover to native grass dominance for many years
[1,326,451,522,597,811], and may not recover if a grass/fire cycle establishes or if sites are heavily grazed [451].
Resistance of Great Basin sagebrush ecosystems to cheatgrass invasion depends on site characteristics, particularly soil
temperature and moisture regimes, and cover of perennial grasses prior to and soon after fire [143,493,595]. Soil
temperatures are often optimal for cheatgrass germination, growth, and reproduction in relatively warm, dry Wyoming
big sagebrush communities, while low soil temperatures constrain cheatgrass germination, growth, and reproduction in
mountain big sagebrush and mountain shrublands [142]. Native perennial grasses and forbs can limit growth and
reproduction of cheatgrass by competing for water and nutrients. Because warm, dry Wyoming big sagebrush sites
typically have less native perennial cover than cool, moist sites, they are more susceptible to cheatgrass invasion when
soil water is available [143]. Slope, aspect, and soil characteristics modify soil temperature and moisture and influence
resistance of sagebrush communities to cheatgrass establishment and spread at plant community to landscape scales
[24,141,142,143,156,403,493.622] (fig. 7B). For example, 3 years after wildfire at a high-elevation site (7,700-7,900 feet
(2,350-2,400 m)) in Wyoming, cheatgrass cover was considerably greater on a southwestern aspect (20%) with
Wyoming big sagebrush than an northeastern aspect (<3%) with mountain big sagebrush [164]. For more information
about fire effects on cheatgrass, see Considerations for Nonnative Invasive Plants, Miller et al. [493], and the FEIS
Species Review about cheatgrass.

High cover of native perennial grasses prior to and soon after fire increases resistance to nonnative annual grass
establishment [50,142,143,234,493,595,605,704]. Sites with less than ~20% prefire perennial herbaceous cover [141]
and >15% cheatgrass cover [704] appear least resistant to cheatgrass invasion. When nonnative annual grass seed
sources are available, burning Wyoming big sagebrush communities with depleted understories of native herbs often
results in large increases in nonnative annual grasses such as cheatgrass [143,854] and medusahead [36], while burning
Wyoming big sagebrush communities with intact understories of native herbs may result in limited nonnative annual
grass invasion [43,196,205]. In Wyoming big sagebrush and mountain big sagebrush communities in Nevada and Utah,
Chambers et al. [143] found that 2 years after treatments, cheatgrass biomass and seed production increased 2- to 3-fold
after killing native perennial herbs with herbicide, 2- to 6-fold after prescribed fire, and 10- to 30-fold after herbicide and
fire combined [143]. In contrast, Davies et al. [196] found minimal nonnative annual grass cover (0.04%) and full
recovery of perennial bunchgrass cover 2 years after fall prescribed fires in Wyoming big sagebrush stands in
southeastern Oregon. Before the fires, the sites lacked a "readily available source of noxious weed propagules" [196].
Factors that result in depletion of native perennial herbs, such as overgrazing by livestock and expansion of junipers and
pinyons, increase invasibility of Wyoming big sagebrush communities [143]. Deferred grazing after fire may promote
perennial herb recovery [749] (see Managing postfire livestock grazing).

High prefire cover of shrubs, including Wyoming big sagebrush, may promote postfire recovery of perennial grasses
[26,89], and burned areas under shrub canopies may be a more conducive environment for native and nonnative
perennial grass seedling establishment than burned interspaces [89]. In the year after a July wildfire near Burns, Oregon,
density of native perennial grasses under burned shrub canopies in Wyoming big sagebrush sites was 24 times greater
than density in paired, burned interspaces (P = 0.0016). Density of nonnative perennial grasses was 6 times greater under
burned shrub canopies than in burned interspaces (P < 0.001). The sites were seeded with native and nonnative species
with a drill the fall after the fire [89]. Shrub cover was one of the two best predictors of aboveground native species
richness in sagebrush steppe in northern Nevada, with the richness of native species increasing with increasing cover of
big sagebrush (P =0.041) and yellow rabbitbrush (P = 0.047) [26].

VAM and fire: Abundance of VAM associated with big sagebrush is reduced by heating or chemical alteration of the soil,
and they may take several years to reestablish after fire or other soil-altering disturbance [493,818]. Because VAM may
improve Wyoming big sagebrush seedling survival [682] and growth [683], their reduction may slow postfire recovery
of Wyoming big sagebrush. Abundance of VAM in soils from 4 burns in mountain big sagebrush communities in south-
central Wyoming that were 3, 7, 21, and 39 years since fire was similar in the youngest and oldest burns, suggesting that
VAM populations can recover to levels similar to that in older burns within the first few postfire years. However, the
highest abundance occurred in the 7-year-old burn [183]. As of 2019, no studies examined postfire establishment of
VAM in Wyoming big sagebrush stands.
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The effect of fire on VAM associated with big sagebrush likely depends on fire severity and duration [396,493,818]. At
the Morley Nelson Snake River Birds of Prey National Conservation Area, Idaho, fewer of the VAM infecting Wyoming
big sagebrush roots were killed by a low-intensity fire (67% of Wyoming big sagebrush roots infected) than by a
relatively higher-intensity fire (18% of roots). The percent of VAM infecting Wyoming big sagebrush roots on unburned
sites was not provided [818].

Fire characteristics: As of 2019, few studies examined the effects of fire characteristics (e.g., severity, season, pattern,
and size) on Wyoming big sagebrush postfire recovery. Because Wyoming big sagebrush regenerates from seeds after
fire, fire characteristics that affect the amount of soil-stored seeds consumed by fire (severity and timing), the number
and distribution of surviving adult plants (severity and pattern), and the distance downwind from parent plant seed
sources to the burn (pattern and size) are likely to strongly influence the rate of Wyoming big sagebrush postfire
recovery [544]. For more detailed information about fire severity, season, pattern, and size in Wyoming big sagebrush
communities, see the FEIS synthesis Fire regimes of Wyoming big sagebrush and basin big sagebrush communities.

Wildfires in Wyoming big sagebrush communities are standing replacing [19,20] because fire easily kills Wyoming big
sagebrush plants (see Fire adaptations). However, fire severity on other ecosystem components (e.g., understory
vegetation and soil) varies due to variation in fuels, topography, and weather and results in burned and unburned patches
[20]. Within burned patches, nearly all Wyoming big sagebrush plants are killed (e.g.,
[37,38,75,149,234,256,580,770,837,843]). Unburned patches provide seed sources for Wyoming big sagebrush postfire
recovery. Differences in soil burn severity affect the amount of soil-stored big sagebrush seeds, and may, in part, account
for variable big sagebrush recovery after fire [840], although few studies reported on this topic (see Immediate effects on
seeds).

Big sagebrush communities are likely to recover fastest after small, patchy fires and slowest after large, uniformly high-
severity fires because most big sagebrush seeds come from unburned plants or are dispersed onto burns from off-site
sources [392,529,562,723.784]. Baker [20] did not provide estimates for Wyoming big sagebrush recovery after small
and large fires, but concluded that mountain big sagebrush cover could recover to >85% of unburned values within 25 to
35 years after "small" fires, but would take >75 years after a "large", uniformly high-severity fires [20]. Because postfire
recovery estimates are longer for Wyoming big sagebrush than mountain big sagebrush, estimates for recovery from
"small" and "large" fires are also likely to be longer. In Idaho, Wyoming big sagebrush seedlings were observed in
Wyoming big sagebrush communities 2 years after 7 small (0.1-1.1 acre (0.05-0.45 ha)) September prescribed fires, but
“little reestablishment” was observed 15 years after a July wildfire (size not provided). The authors hypothesized that in
part, Wyoming big sagebrush may have established faster following the prescribed fires than the wildfire because the
prescribed fires were smaller [567]. In southeastern Idaho, Wyoming big sagebrush postfire recovery did not exceed 3%
Wyoming big sagebrush cover in postfire year 35. The authors suggested that Wyoming big sagebrush at this site might
remain at low levels for up to 75 years after patchy prescribed fires or longer after less patchy wildfires [520].

If big sagebrush seeds are not present within the burn perimeter, colonization of large burns may be slow because of the
short dispersal distances of seeds [855] (see Seed Dispersal). However, many researchers observed no or limited
Wyoming big sagebrush postfire seedling establishment even when Wyoming big sagebrush seed sources were located
nearby (e.g., [166,770,811]). For example, nearby seed sources did not hasten recovery of Wyoming big sagebrush on 24
burned sites in central and southeastern Montana [166], and there was no Wyoming big sagebrush establishment 6 years
after a prescribed fire in southwestern Montana despite nearby seed sources [770].

Because some prescribed fires create a mosaic of burned and unburned patches in Wyoming big sagebrush communities
(e.g., [843]), some researchers suggested that big sagebrush recovery may be faster after prescribed fire than wildfire
(e.g., [392,520]). However, in central and southeastern Montana, Cooper et al. [166] found that Wyoming big sagebrush
recovered slowly after both prescribed and wildfires at all sites (n = 24), in part because both types of fires typically
resulted in complete mortality of Wyoming big sagebrush. Similarly, a study of 28 mountain big sagebrush sites in
southwestern Montana found no difference in postfire recovery between sites burned under prescription and those
burned by wildfire (P = 0.15), even though there were often more surviving mountain big sagebrush plants on sites
burned under prescription [425].

Postfire weather: Moisture availability is critical for Wyoming big sagebrush seedling establishment, and Wyoming big
sagebrush recruitment is sometimes positively correlated with seasonal or annual precipitation patterns [345,443] (see
Moisture availability). This suggests that Wyoming big sagebrush postfire recovery is correlated with precipitation
patterns, which was found in one study [662], but not another [166]. Models suggest that the rate of big sagebrush
(Wyoming big sagebrush and/or basin big sagebrush and possibly their hybrids) recovery on sixteen 5- to 28-year-old
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burns in the northern Columbia Basin was largely explained by precipitation patterns and available soil water. Model
results suggested that wet conditions the winter after fire provides growing conditions favorable for Wyoming big
sagebrush recruitment, while dry conditions for two winters after fire may have benefitted big sagebrush recovery by
decreasing competition with other plants, particularly cheatgrass, that depend on winter and early growing season water
availability at shallow soil depths [662]. In central and south-central Montana, a linear regression model incorporating
time-since-fire, heat load index (a metric including slope and aspect), and mean annual site precipitation explained 30%
of the variation in the rate of recovery of Wyoming big sagebrush cover; however, almost all of this explained variation
was attributable to using years since fire as a covariate because neither precipitation nor heat load index alone were
related to postfire recovery [166].

Postfire herbivory: After fire, heavy browsing by wild ungulates may slow big sagebrush recovery (e.g.,
[474,760,762,767,771]) by concentrating browsing on surviving or establishing shrubs [329]. Nineteen years after a
wildfire in the Gardiner Basin, Montana, mean cover of Wyoming big sagebrush, basin big sagebrush, and mountain big
sagebrush in burned stands was 1% to 20% of that in adjacent, unburned stands, which were already in decline from
historically heavy wild ungulate browsing. Recovery of Wyoming big sagebrush cover was slower than that of basin big
sagebrush and mountain big sagebrush [474].

Big sagebrush density and cover tend to increase and herbaceous species abundance tend to decrease following heavy
livestock grazing in burns because most of the herbaceous species are more palatable to livestock than big sagebrush,
especially during the growing season [49,172,232,643,723] (see Livestock grazing). In southeastern Idaho, density of big
sagebrush and threetip sagebrush was greater on a heavily grazed 9-year-old prescribed burn (55 plants/100 feet?) than
on a "conservatively" grazed 12-year-old prescribed burn (5 plants/100 feet?). Greater big sagebrush density on the
heavily grazed site may have also been due to decreased competition for soil water and other resources with grasses and
forbs on the heavily grazed site [563].

FUELS AND FIRE REGIMES:

e Fuels
o Fire Regimes

Fuels: Big sagebrush foliage is highly flammable [110,539]. During the growing season, foliar heat content (maximum
amount of energy generated by burning leaves) increases while live fuel moisture content decreases [593]. Wright and
Prichard [837,841] provide models for predicting shrub, nonshrub, and total aboveground biomass consumption based
on data from spring and fall prescribed fires in Wyoming big sagebrush, basin big sagebrush, and mountain big
sagebrush communities in California, Nevada, Oregon, and Montana.

Biomass, and thus fuel loading and often fuel continuity, generally increase along an environmental gradient from warm
and dry to cold and moist sagebrush sites. While Wyoming big sagebrush sites occur along the drier end of the gradient,
soil temperature and moisture regimes vary and include soils that are warm and dry, cool and dry, and warm and moist
[142] (table 6, fig. 8). Thus, productivity "varies rather widely" among Wyoming big sagebrush sites [640]. A review by
Miller and Eddleman [495] reported that total annual herbaceous production in Wyoming big sagebrush stands across the
West ranged from 390 to 690 pounds/acre (440-770 kg/ha), while that in basin big sagebrush stands ranged from 770 to
2,100 pounds/acre (87-2,350 kg/ha) and that in mountain big sagebrush stands ranged from 630 to 2,450 pounds/acre
(700-2,750 kg/ha). Schlatterer [639] approximated that the least productive Wyoming big sagebrush sites in the Great
Basin and surrounding areas produce <400 pounds/acre (450 kg/ha) of herbs annually, while the most productive sites
produce up to 900 pounds/acre (1,000 kg/ha)). In northern Utah, southern Idaho, northeastern Nevada, and west-central
Wyoming, total annual production in Wyoming big sagebrush communities ranged from 460 to 990 pounds/acre (520-
880 kg/ha) [558]. Average annual production of graminoids, forbs, and shrubs in the least productive Wyoming big
sagebrush stand on the Shoshone National Forest, Wyoming, was 278, 133, and 328 pounds/acre, respectively (312, 149,
and 368 kg/ha), and in the most productive stand was 427, 231, and 206 pounds/acre, respectively (479, 259, and 231
kg/ha) [732].

Precipitation is highly variable year to year in many Wyoming big sagebrush sites (e.g., [777]) (see Climate), and it
affects the amount of fuels (biomass and plant cover) on these sites [493,504]. Fuels can be sparse in Wyoming big
sagebrush communities [118,830], especially in dry years. This can make prescribed burning difficult [127] (see Fire
Management Considerations: Considerations for Fuels). In southeastern Oregon, total herbaceous biomass in 3
Wyoming big sagebrush/Thurber needlegrass communities ranged from 100 pounds/acre (110 kg/ha) during a dry year
(50% of average annual precipitation) to 520 pounds/acre (580 kg/ha) during a wet year (185% of average annual




precipitation). Forb biomass changed up to 4-fold between dry (17 pounds/acre (19 kg/ha)) and wet (67 pounds/acre (75
kg/ha)) years [495]. In central Utah, mean total plant cover in Wyoming big sagebrush stands ranged from 37% to 79%
during 20 years. The correlation of total live plant cover to total precipitation the preceding year was not significant,
although nearly so (R* = 0.42; P =0.07), and total live plant cover appeared to increase during wet periods and decline
during droughts [811]. In central Nevada, comparisons of peaks in charcoal abundance with climate records suggest a
positive correlation between fire occurrence and relatively wet periods in landscapes now dominated by Wyoming big
sagebrush and basin big sagebrush, implying that these big sagebrush communities are fuel-limited, where fine-fuel
biomass increases during relatively wet periods and is then ignited during relatively dry years [476].

Figure 9—A Wyoming big sagebrush/needle and thread
association in eastern Oregon with 10% Wyoming big
sagebrush cover, 1,789 pounds/acre of live Wyoming big
sagebrush biomass, and 248 pounds/acre of total
herbaceous biomass. Image and fuels data courtesy of the
Forest Service, Fire and Environmental Research
Applications Team, U.S. Department of Agriculture's
Digital Photo Series.

When nonnative annual grasses establish and spread into big sagebrush communities, the abundance and continuity of
fine surface fuels is likely to increase—especially following years with abundant precipitation—which can increase fire
activity on invaded sites [813] (see Consequences of annual grass invasion). Fire may spread into Wyoming big
sagebrush communities from adjacent, cheatgrass-dominated sites, and spread from cheatgrass-dominated Wyoming big
sagebrush sites into adjacent communities (fig, 10). In the Great Basin, 80% of multiday fires occurring from 2000 to
2009 that started in cheatgrass grasslands spread into adjacent communities, including Wyoming big sagebrush-basin big

sagebrush steppes [22].
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Figure 10—Fire spreading from a cheatgrass grassland (a site likely
formerly dominated by Wyoming big sagebrush and perennial grasses) into
a mountain big sagebrush community during the 2011 Constania Fire, Long
Valley, California. Photo by Nolan Preece.

When conifers establish and spread into big sagebrush communities (see Woodland Expansion), fuel characteristics
change. As communities succeed from sagebrush steppe to late-successional conifer woodland, cover of live big
sagebrush and herbaceous plants decreases as tree cover increases (e.g., [29,403,490,505,601,840,846,847]. On sites
where big sagebrush or similar large shrubs are dominant, shrubs are more likely than mature trees to carry fire,
especially if trees are widely spaced. As big sagebrush and herbaceous species decline during succession, trees become
more important in carrying fire [623]. Increases in the size of tree crowns and continuity of tree crown fuels and
decreases in surface fuel abundance, density, and continuity increase the potential for crown fires burning under severe
conditions (i.e., high wind, high atmospheric instability, low humidity, and high temperatures) [493,504]. Simulations
suggest that high winds (>15 miles (25 km)/hour) are needed to carry fire through a singleleaf pinyon-California juniper
woodland canopy that contains 4,800 pounds/acre (5,400 kg/ha) of canopy fuels, and that flame lengths in the woodlands
exceed those in big sagebrush-rubber rabbitbrush shrublands [216].

Fuel loads and fire severity may be greater in late-successional woodlands than in sagebrush steppe communities. While
no studies have been conducted on burn severity in Wyoming big sagebrush communities in particular, an analysis of a
46,680-acre (18,890-ha) July wildfire in southwestern Idaho showed that remotely-sensed burn severity in sagebrush
steppe measured in postfire years 1 and 2 was negatively correlated with the amount of mountain big sagebrush and low
sagebrush steppe and early-successional woodlands nearby (approximate range of » =-0.5 to -0.7) and positively
correlated with the amount of late-successional western juniper woodlands nearby (approximate range of » = 0.5-0.7, P <
0.05 for all correlations). Western juniper woodlands in mid- to late successional stages had higher fuel loads than
intermingled sagebrush steppe [693].

Fire Regimes

Historical: Presettlement fires in the sagebrush biome were both lightning- and human-caused
[18,296,300,660,744,817,820]. Peak fire season occurred from April to October and varied geographically [429].
Wildfires were stand replacing [20]. Fire frequency was influenced by site characteristics, and frequency estimates range
from decades to centuries, depending on the applicable scales, methods used, and metrics calculated. Because Wyoming
big sagebrush communities occur over a productivity gradient driven by soil temperature and moisture regimes, fire
frequency likely changed across the gradient, with more frequent fire on more productive sites that supported more
continuous fine fuels [142,493]. Because sites dominated by Wyoming big sagebrush are drier and tend to produce fewer
fine fuels, they tended to burn less frequently than sites dominated by mountain big sagebrush [381,766,839]. Most fires
were likely small (Iess than ~1,200 acres (500 ha)), and large fires (>24,000 acres (10,000 ha)) were infrequent
[20,115,116]. Large fires were most likely after 1 or more cool, wet years that allowed fine fuels to accumulate and
become more continuous [20,504].

Contemporary: Since European-American settlement, fuel and fire regime characteristics in many big sagebrush
communities have shifted outside the range of historical variation. Settlement generally began in the late 1800s and
caused changes in ignition patterns and fuel characteristics, although the timing and magnitude of these changes varied
among locations [503]. Since then, fuels and fire regimes in many sagebrush ecosystems have changed due to a
combination of interrelated factors, including fire exclusion; livestock grazing and associated land management;

rangeland; and energy, urbanization, and infrastructure development [67,98,160,306,398,496,503,507,518,787].

For more detailed information about fire regimes in Wyoming big sagebrush communities, including information on fire
ignition, season, type, frequency, severity, pattern, and size during presettlement and contemporary times, see the FEIS
synthesis Fire regimes of Wyoming big sagebrush and basin big sagebrush communities. To find fire regime information
for other plant communities in which Wyoming big sagebrush may occur, such as pinyon-juniper communities, enter
"Wyoming big sagebrush" in the FEIS home page under "Find Fire Regimes".

FIRE MANAGEMENT CONSIDERATIONS:

e Overview
» Considerations for Wildlife Management
o General



https://www.fs.fed.us/database/feis/fire_regimes/WY_basin_big_sagebrush/all.html
http://www.feis-crs.org/feis

o Birds
o Small mammals
o Wild ungulates
e Managing Conifers
o Considerations for Nonnative Invasive Plants
o Consequences of annual grass invasion
o Preventing nonnative plant invasions
» Managing Postfire Livestock Grazing
o Decision Tools
o Management guidelines
o Field guides and handbooks
o Web-based tools
o State-and-transition models
» Considerations for Fuels
o Qverview
o Grazing management to reduce fuel loads
o Considerations for Fire Characteristics
o Fire frequency
o Fire size and pattern
o Fire season
Considerations for Climate Change

Overview: Historically, prescribed fire and other treatments were commonly used to reduce big sagebrush cover and
density [67,118,805]. Wyoming big sagebrush was frequently targeted and "may have received more treatments than any
other sagebrush", due in part to its broad distribution [550]. From the 1930s through the 1970s, and to a lesser extent
thereafter, land managers used fire, herbicides, and mechanical methods (e.g., plowing/disking, disk-chaining, root
plowing, anchor chaining, railing, harrowing, and rotobeating) to reduce sagebrush and increase grass production for
livestock [49,67,554,786]. Vale [743] reported that by 1974, about 10% to 12% of 99 million acres (40 million ha) of big
sagebrush rangeland in North America had been managed to reduce big sagebrush cover and increase grass production.
A 1987 review included the following objectives of prescribed burning in sagebrush-grassland communities in the
northern Great Basin:

. reduce sagebrush cover and density,

. increase herbaceous plant productivity,

. increase wildlife habitat diversity and edge,

. reduce conifers,

. alter herbivore distribution,

. enhance palatability and nutritional value of vegetation, and
. prepare for seeding desirable species [118].
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Guidelines from 2013 for restoring and rehabilitating Wyoming big sagebrush shrub-steppe in eastern Washington
included some of the same objectives:

1. reducing (but not removing) Wyoming big sagebrush cover and density where its abundance is high,
2. increasing Wyoming big sagebrush cover and density where its abundance is low,

3. increasing the abundance and diversity of native grasses and forbs, and

4. controlling nonnative invasive plants [223].

However, prescribed fire alone was never considered a treatment with a high likelihood of success for any of these
objectives. It was only considered a high-likelihood treatment when used in combination with herbicides to control
cheatgrass [223].

In 2017, I contacted several federal resource managers, and many reported that prescribed fire was still commonly used
in Wyoming big sagebrush communities for many of the above purposes (e.g., [310,540,585,626,635,658,753]),
although some managers have curtailed prescribed burning due to concern over widespread losses of big sagebrush
communities from wildfire and other causes [540,679], including the spread of cheatgrass and other nonnative invasive
species that can occur after fire [121,626,685].




Disagreement about the historical distribution and relative abundance of sagebrush communities and their historical fire
regime characteristics occurs throughout the published literature and has led to opposing recommendations about the use
of fire in big sagebrush communities [392,474,786]. Regardless of the disagreement, managing big sagebrush
communities based on historical distribution and fire regime characteristics may not be realistic in landscapes impacted
by human development, nonnative plant invasions, and climate change [190,201,496,745,806,855]. In a review, Davies
et al. [201] stated that "while it may be tempting to mimic pre-European settlement conditions in an effort to bolster
restoration success, practitioners should be cautious when inferring present-day restoration strategies based on the
historical ecology of existing plant species. Historical disturbance regimes and climate patterns that shaped the
environment in which perennial species evolved may or may not relate strongly to current disturbance regimes and
environmental conditions, particularly in Wyoming big sagebrush communities at risk of exotic annual grass invasion".
West [806] stated that resource managers should manage for a mix of desired plant communities in what remains of
sagebrush steppes, noting that historical sagebrush steppes are unlikely to recover due in part to:

1. a warmer and drier climate in contemporary than presettlement times;
2. increased atmospheric carbon dioxide during the past ~100 years; and
3. the presence of nonnative invasive plants [806].

In addition, the large scale of the changes and limited financial and logistical resources make it unlikely that resource
managers can return most big sagebrush communities to presettlement conditions [496].

In general, prescribed fire is not considered effective for maintaining or restoring Wyoming big sagebrush communities
because fire reduces habitat quality for sage-grouse and other sagebrush obligates for potentially long periods and
example, Gruell [301] stated that "fire is not a good management choice" in many Wyoming big sagebrush communities
because "too much fire occurs in the low-elevation Wyoming big sagebrush and nearby types that prehistorically burned
infrequently", and Riegel et al. [614] stated “with little to gain and the potential to increase populations of exotic weeds,
the use of fire as a tool to enhance sage-grouse habitat in these drier sagebrush communities is limited and very risky”.
Because sagebrush is essential to maintain native plant communities and limit nonnative plant invasions, Beck et al. [47]
stated that management activities in Wyoming big sagebrush communities "should be limited to those that do not
eliminate or greatly reduce sagebrush".

However, some researchers advocate for the continued use of prescribed fire in Wyoming big sagebrush communities at
sites where fire was relatively frequent historically, but only at sites not considered important to sage-grouse and
unlikely to convert to cheatgrass grasslands [201,205,234,600,604]. For example, a 2011 review concluded that while
severe disturbances should be minimized in all big sagebrush communities because they may eliminate native perennial
plants and greatly increase the potential for cheatgrass invasion, less severe disturbances such as patchy prescribed fires
or light to moderate livestock grazing that maintain or increase native perennial plants may help increase the resistance
of big sagebrush communities to cheatgrass invasion in the long term [201] (see_Preventing nonnative plant invasions).
Thus, while prescribed fire use is limited, its use is likely to continue on some Wyoming big sagebrush sites [370]. Fuel
and fire characteristics are important considerations when using prescribed fire in Wyoming big sagebrush communities.
Techniques for using prescribed fire in sagebrush communities, including fireline construction, use of natural fuelbreaks,
firing methods, fire weather, and safety are discussed by many authors (e.g., [67,118,740,814,840]) and are not detailed
in this review.

Considerations for Wildlife Management:

o General

e Birds

o Small mammals
o Wild ungulates

General: In a review of the role of fire in sagebrush habitats, Knick et al. [399] stated that the use of prescribed fire to
manipulate wildlife habitats is one of the most common yet contentious issues in managing big sagebrush ecosystems.
Fire in big sagebrush communities impacts wildlife forage and cover [717]. Fires that create mosaics of diverse,
productive forage near security and thermal cover are often considered beneficial to wildlife, including a broad range of
ground, foliage, and aerial feeding birds [14,237,554,580,717], small mammals [470], and wild ungulates [717,845].
However, fire effects depend on the species of plants and wildlife [276] and the resultant ratio of forage to cover over
time [148,298,474,717]. Maintaining big sagebrush and native herbaceous species and reducing opportunities for




nonnative plant establishment and spread are important in managing big sagebrush communities for birds
[224,314,344,554,627], small mammals [418,551,627], and wild ungulates [717,726,850]. Bukowski and Baker [116]
suggested that due to the extensive fragmentation of contemporary sagebrush communities and the threat of the
establishment and spread of nonnative annual grasses (see Other Management Considerations), management efforts for
wildlife should focus on preserving or rehabilitating large landscapes composed of a mosaic of patches of dense and
scattered sagebrush [116].

Management objectives for reducing big sagebrush often include increasing the abundance of native perennial grasses
and forbs, particularly for sage-grouse (e.g., [161,172,257,317,843]) and wild ungulates (e.g., [164,322,834]). However,
a 2011 literature review of the effects of prescribed burning in Wyoming big sagebrush communities that included seven
studies on Wyoming big sagebrush in south-central Oregon, east-central and south-central Idaho, southwestern Montana,
northeastern Utah, and northwestern Colorado [46,257,567,576,760,770,843] concluded that overall, prescribed burning
is unlikely to result in increases in cover, frequency, relative abundance, or production of herbaceous species in the short
term (<10 years) or long term (>10 years). All studies reported short- and long-term decreases in Wyoming big
sagebrush cover [48]. Wrobleski and Kaufmann [842,843] describe no short-term effects on density, frequency, and
relative abundance of five of nine forbs important to greater sage-grouse diets after prescribed fires at Hart Mountain
National Antelope Refuge. See the Research Project Summary for details and information on the fire prescriptions and
fire behavior. Crawford et al. [172] suggested that fire is most likely to increase native perennial forbs and grasses where
sagebrush is abundant, native forbs are present, and nonnative plants are limited. This most often applies to mountain big
sagebrush communities where shrub cover is >35%, rather than Wyoming big sagebrush communities [172].

Most research on and management guidelines for sage-grouse (e.g., [38,46,47,161,261,319,320,609,643,766]) and wild
ungulates [47,647] suggest avoiding prescribed burning and suppressing wildfires in Wyoming big sagebrush
communities, particularly in critical wintering areas. In a 2012 review on the effects of treatments (e.g., prescribed fire,
herbicides, and mechanical treatments) on Wyoming big sagebrush, Beck et al. [47] concluded that “given the overall
lack of evidence documenting positive population responses of sage-grouse, pronghorn, mule deer, or elk to treatments
in Wyoming big sagebrush, we urge land managers to refrain from these treatments until information is available that
clearly documents appropriate treatments and the conditions, including appropriate temporal and spatial scales, under
which those treatments are expected to impact these wildlife species.”

On the other hand, fire can slow woodland succession in some Wyoming big sagebrush communities. Conifer
establishment in big sagebrush communities is generally harmful to sagebrush obligates, but it may be beneficial to
facultative wildlife species if tree density is low enough to support a healthy understory of shrubs and grasses. Low
densities of western juniper tend to increase the abundance, diversity, and richness of bird and small mammal
populations in shrub-steppe, and small, scattered stands of dense trees may provide thermal cover for wintering
ungulates. However, as tree abundance increases, wildlife abundance, species richness, and diversity decline [490]. A
review of the effects of reducing juniper and pinyon abundance on wildlife found that 69% of wildlife species
demonstrated little response to tree reduction. Sagebrush obligates and shrubland-grassland associated wildlife species
were more likely to have a positive response to tree reduction than woodland-shrubland and woodland-associated
wildlife [78]. If using prescribed fire and other methods to reduce conifer establishment and dominance in big sagebrush
communities, Holmes and Robinson [337] recommended that residual habitat be maintained at levels suitable to support
shrub-dependent wildlife while treated areas recover.

The following discussion provides information on the importance of big sagebrush communities for food and cover and
fire management considerations for wildlife. Many studies of the relationship between wildlife and their sagebrush
habitats do not identify sagebrush taxa to species or subspecies, but for many wildlife species, the specific sagebrush
taxon may be less important than its height, density, cover, and patchiness [554,823].

Birds: Numerous bird species use Wyoming big sagebrush and other big sagebrush for food and cover [787]. More than
90 bird species have a facultative relationship with big sagebrush ecosystems [785], while sage-grouse, sage sparrow,
and sage thrasher are sagebrush obligates [355,785] that frequently use Wyoming big sagebrush communities [473,821].
For example, in Browns Park National Wildlife Refuge, Colorado, sage sparrow densities increased with increasing
Wyoming big sagebrush cover [821].

Sage-grouse require sagebrush for food and cover year-round [99,160]. They use sagebrush communities with different
heights and cover depending on the season and activity, ranging from 10 to 31 inches (25-80 cm) tall and 12% to 43%
cover [160]. Due to its growth form, height, widespread distribution, and expansive areas covered, Wyoming big
sagebrush is perhaps the most important plant for sage-grouse [172]. The thermal and security cover and food it provides
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are especially important during nesting (e.g., [206]) and wintering (e.g., [113,342]). Wyoming big sagebrush
communities may be important sources of forage forbs during brood-rearing [206], although warm, dry Wyoming big
sagebrush sites often have sparse forbs that do not provide high-quality brood-rearing habitat [243]. High cover of
sagebrush may be especially important around sage-grouse nests to avoid predation, and nest success is highest in areas
with relatively high cover and density of sagebrush or other shrubs, tall grasses, and other habitat features that provide
visual obstruction (e.g., [162,295,303,315,332,373,390,391,586,621]). Because of the lack of adequate shrub cover,
sage-grouse generally avoid nesting in young (<20 years old) burns (e.g., [131,318,387,536]). Nonnative annual grasses,
such as cheatgrass, do not provide adequate cover for sage-grouse nests [172], so conversion of Wyoming big sagebrush
to nonnative annual grasses is harmful to sage-grouse population productivity.

In general, fire is harmful to sage-grouse because it removes sagebrush plants that provide essential thermal and security
cover and food year-round, especially during breeding, nesting, and wintering [131]. Dramatic declines in greater sage-
grouse populations were correlated with habitat losses from a 2,000% increase in fire incidence in Idaho and subsequent
conversion of Wyoming big sagebrush communities to cheatgrass communities (Crowley and Connelly 1996, cited in
[399]). Because cheatgrass cover often increases after fire in Wyoming big sagebrush communities and cover of herbs
and shrubs are often slow to recover, Beck et al. [46] recommend that managers avoid burning Wyoming big sagebrush
communities and only implement treatments that maintain Wyoming big sagebrush cover. Large, homogenous fires are
likely to harm sage-grouse populations more than small or patchy fires [47,237,366,564,656]. Sage-grouse avoid conifer
communities during breeding, nesting, and brood-rearing [32,135,152,268,648], and their survival decreases with
increased conifer cover [152,218,648] because they have less forage [268,497] and greater predation risk [32,135] than
in big sagebrush communities. Thus, removal of conifers from big sagebrush communities using techniques that retain
some sagebrush cover is likely to improve sage-grouse habitat [163,631].

Brewer's sparrows, sage sparrows, and sage thrashers are insectivorous or omnivorous sagebrush obligates that use
Wyoming big sagebrush and other big sagebrush communities [473,554,821]. Brewer's sparrows are insectivores that
glean insects mostly from the foliage and bark of big sagebrush and other shrubs or trees in big sagebrush communities.
They also eat seeds, particularly in winter, and mainly from the ground [339]. Sage sparrows are omnivores that eat
insects, seeds, fruits, and succulent vegetation mainly gleaned from the ground near or under big sagebrush and other
shrubs in big sagebrush communities [340]. Sage thrashers are ground-foraging insectivores, with a small portion of
their diet consisting of vegetation and fruits found in big sagebrush communities [126]. According to a review,
sagebrush obligates prefer big sagebrush cover ranging from 20% to 36%, while nonobligate bird species do not require
cover that dense [785,791]. Maintaining sufficient big sagebrush cover in unburned patches in burn perimeters is
important to sagebrush obligates [73,237,333,471]. Studies in Oregon [333] and southeastern Idaho [580] suggest that
abundance of these species may be relatively unaffected in the short term if sufficient unburned patches remain.
However, in some cases a lack of a short-term response to burning may be attributable to site fidelity of breeding adults
[399] or because prefire and postfire habitats are degraded [102].

In general, fire in big sagebrush communities reduces shrub-nesting bird populations until shrubs recover, and fire
increases or has no effect on ground-nesting bird populations (e.g., [14,112,225,337,386,399,471,543,627,781]). For
example, in south-central Wyoming, songbird species richness and relative abundance were highest on untreated
Wyoming big sagebrush sites that had the highest shrub cover and lowest on a 9-year-old burn that had the lowest shrub
cover. Species composition shifted to communities of predominantly shrub-nesting species in untreated areas (e.g.,
Brewer's sparrow and sage thrasher) and ground-nesting species in burns (e.g., horned lark). Generalist nesting species
(e.g., vesper sparrow) were common in both areas [386]. Knick et al. [399] provide a summary table of available
literature on the response of breeding birds to fire in sagebrush habitats.

Bird guilds shift as junipers and pinyons establish in big sagebrush communities. As tree cover and density increase,
shrub and herb cover and density decrease, and shrub- and ground-nesting bird populations decline. On the other hand,
woodland bird species (e.g., ash-throated flycatcher, pinyon jay, American robin, mountain bluebird, juniper titmouse,
and western kingbird) colonize big sagebrush communities once they succeed to woodland (e.g.,
[77,78,179,335,399,542,603]). For example, in central Oregon, density of ground-nesting birds was highest in 5-year-old
burns in grassland steppe, density of shrub-nesting birds was highest in early-successional mountain big sagebrush-Idaho
fescue steppe, and density of tree- and cavity-nesting species was highest in old-growth western juniper/Idaho fescue
woodland [603].

Small mammals: Many small mammals depend on big sagebrush communities for food and cover. Among these, pygmy
rabbit and sagebrush vole have obligate relationships, and are therefore most likely to be affected by fires in Wyoming
big sagebrush communities. In addition, nearly 80 species of small mammals, including black-tailed jackrabbits, ground



squirrels, chipmunks, kangaroo rats, voles, shrews, and mice have facultative relationships. Some of these small
mammals prefer early-successional Wyoming big sagebrush stands, while others prefer late-successional stands. For
example, Townsend's ground squirrels prefer open and grassy Wyoming big sagebrush communities such as burns
[388,455,741], while pygmy rabbits avoid open areas and prefer late-successional sagebrush stands [594,718,778,824].
Although small mammals use habitats with a range of big sagebrush cover (0%-68%), a review concluded that between
20% and 50% cover apparently supports the most small mammal species [785]. Mid- to late-successional stands are
most likely to have Wyoming big sagebrush cover of >20% [59,243,845] (see Successional Status).

Because loss of big sagebrush reduces food and cover for pygmy rabbits, prescribed fires and other treatments that
reduce sagebrush cover are harmful to them [281,824]. While all fires may be harmful, small, patchy fires are less so
than large, homogenous fires [417,718]. Pygmy rabbits occur in dense stands of Wyoming big sagebrush, basin big
sagebrush, mountain big sagebrush and other shrubs on deep loamy, alluvial, and other friable soils, which provide
forage, escape cover, and conditions favoring burrow construction [418,778]. The primary food of pygmy rabbits is big
sagebrush, which may comprise 99% of their winter diet. They also eat grasses and forbs in late spring, summer, and
early fall [281,293,294,380]. Pygmy rabbits are colonial and tightly clumped in distribution, which makes them
vulnerable to fires that remove shrubs at the colony site. A study in Nevada and California found that the likelihood of
pygmy rabbit presence at Wyoming big sagebrush, basin big sagebrush, and mountain big sagebrush sites was high when
sagebrush cover was high, understory stem density was low, and cheatgrass was absent [418]. Fragmentation of shrub
communities may limit dispersal into favorable habitats [717,778], and pygmy rabbits may not disperse across large
burns [418]. After fire, pygmy rabbits may be more vulnerable to predation. For example, after an August prescribed fire
in a Wyoming big sagebrush-grassland community in Idaho, 6 of 12 radio-collared pygmy rabbits abandoned their home
range; 2 of these established new home ranges and the other 4 were predated. Of the 6 that remained on the burned site,
only 1 survived through winter, 4 were predated, and 1 was not located [281].

The effects of fire in big sagebrush communities on sagebrush vole populations are relatively unknown. Sagebrush voles
were not captured on a burn up to 3 years after a severe September prescribed fire in a Wyoming big sagebrush-
squirreltail community in Utah; however, they were captured on nearby unburned plots [87]. In south-central
Washington, sagebrush voles were occasionally trapped on "old" burns dominated by bluebunch wheatgrass [546]. One
study found no relationship between time-since-fire and sagebrush vole densities at two mountain big sagebrush sites on
the Sheldon National Wildlife Refuge [334,338]. Sagebrush voles occur in steppes with 0% to 27% big sagebrush cover
and generally require an understory of dense herbaceous vegetation. Grass cover, not big sagebrush cover, appears most
limiting for sagebrush vole populations [155,450,454,546,547]. A conservation assessment indicated that patchy,
infrequent fires in big sagebrush communities that do not kill the understory herbaceous vegetation probably have little
effect on sagebrush vole populations, except where nonnative plants replace native grasses. However, sagebrush vole
populations may decline during the year of the fire due to reduced grass cover, which is required for forage and hiding
cover. Additionally, complete kill of shrubs removes the vertical stand structure sagebrush voles prefer [155]. Vole
populations are cyclic, but their population cycles are difficult to predict. A better understanding of both the effects of
fire and the factors that trigger eruptions in vole populations would be valuable for big sagebrush management [14].

Black-tailed jackrabbits eat most plant species in sagebrush communities, and big sagebrush is a primary forage [7]. Big
sagebrush is eaten year-round [7,246], especially in fall and winter. Grasses and forbs are mostly eaten in spring and
summer [7,246,455]. Patchy fire in big sagebrush and other shrub types may benefit black-tailed jackrabbits by
increasing grasses and forbs adjacent to shrub cover. Reducing shrub cover over large areas, however, can increase
mortality from predation by golden eagles and other predators [281,717,741]. Black-tailed jackrabbits do not burrow, so
they require tall shrubs such as big sagebrush for cover [545]. In Idaho, black-tailed jackrabbit density was higher in big
sagebrush plots burned under prescription than in unburned plots in two of four surveys (P < 0.01), but density was
similar on burned and unburned plots in the other two surveys [281]. In contrast, the loss of sagebrush habitat and
increase in nonnative annual grasslands due to extensive fire was associated with a decline in black-tailed jackrabbit
densities during three jackrabbit population cycles from 1971 to 1992 at the Morley Nelson Snake River Birds of Prey
National Conservation Area [741].

Wyoming big sagebrush may be slow to recover on sites with black-tailed prairie dog colonies [157,369], and black-
tailed prairie dogs may potentially exacerbate the effects of fire on Wyoming big sagebrush habitat by lengthening
Wyoming big sagebrush recovery time (see Wildlife browsing: Small mammals).

In a study of prescribed fire effects on small mammals, McGee [470] concluded that "ideal" sagebrush management
should create a mosaic of various successional stages, so that "no small mammal species, or group of similar species,
would be significantly displaced in space and time". Species that tolerate openings—such as Great Basin pocket mouse,



North American deermouse, and Uinta ground squirrel—often increase soon after fire, while species requiring cover—
such as western jumping mice and vagrant shrew—decline until cover returns [267,334,338,470]. Welch [785] provides
a summary table listing the effects of big sagebrush reduction or removal by fire or mechanical methods on individual
species of small mammals. Overall, these treatments reduced the overall abundance of small mammals [785].

Conversion of Wyoming big sagebrush to nonnative annual grasslands is likely harmful to small mammal populations.
In Tooele County, Utah, the number of rodent species was greater in Wyoming big sagebrush sites (n = 9 species) than in
cheatgrass sites (n = 5 species); all species trapped in cheatgrass sites were also trapped in Wyoming big sagebrush sites.
The mean number of individuals captured was also greater in Wyoming big sagebrush sites (P < 0.05 for 4 of 5
comparisons), and total rodent abundance was >6 times greater in Wyoming big sagebrush sites than in cheatgrass sites
[551].

The effects of conifer establishment in Wyoming big sagebrush communities are likely to vary among small mammal
populations. Many small mammals—including North American deermice, yellow-pine chipmunks, golden-mantled
ground squirrels, dusky-footed woodrats, mountain cottontails, and black-tailed jackrabbits—use western juniper foliage
and/or female cones for food during part of the year [449,646]; however, increased cover of western juniper also
decreases understory plant cover, which would likely have a negative impact on many small mammal populations [490].
A review of the effects of reducing juniper and pinyon abundance on small mammals found that small mammal
responses to woodland reduction varied considerably by wildlife species and treatment type. Treatments that completely
removed overstory cover were likely to increase the number of grassland-associated small mammals in the short term.
Thinning often increased, or did not adversely affect, the abundance of woodland-associated and generalist small
mammal species [78].

Wild ungulates: Big sagebrush habitats provide important food and cover for ungulates, including pronghorn, mule deer,
elk, and bighorn sheep, during all seasons [762,782,785,834]. Paige [554] considered pronghorn a big sagebrush obligate
in the Great Basin. Wyoming big sagebrush is highly palatable and nutritious browse for these ungulates [655,763,785],
especially during winter when other forage is less nutritious or unavailable [762,782]. While all sagebrush taxa are
potentially valuable forage for wild ungulates [763,783], among the three major big sagebrush subspecies, pronghorn
apparently prefer Wyoming big sagebrush [76,671]. Mule deer and elk often have the highest preference for mountain
big sagebrush and moderate to low preference for Wyoming big sagebrush and basin big sagebrush (e.g.,
[100,577,641,654,655,761,763,769,796,797]).

Conifer expansion in big sagebrush habitats has varied effects on wild ungulates. Pronghorn generally avoid wooded
areas [647,730] and may benefit from fires that reduce conifers and increase long-range visibility [851], while elk and
mule deer are year-round residents in pinyon-juniper habitats [439,565] and may not benefit from fire and other
disturbances that remove trees. A review of the effects of reducing juniper and pinyon abundance on wildlife found that
mule deer and elk responded positively to mechanical removal or thinning in only 10% and 20% of the studies
conducted, respectively [78]. Bighorn sheep occur in a variety of plant communities, including pinyon-juniper
woodlands, but avoid dense forests [405].

Figure 11—Pronghorn in sagebrush habitat in Yellowstone National Park. Photo courtesy of Jim Peaco,
National Park Service, U.S. Department of the Interior.

Sagebrush-grasslands with Wyoming big sagebrush are important pronghorn habitats [281,541]. Large fires in sagebrush
habitats are harmful to pronghorn because they rely on sagebrush for food [67,281,448,541,671,785] and cover
[1,281,330,389,394,853] year-round, especially during winter and spring, and shrubs such as big sagebrush may be
particularly important protective cover during fawning [16,853]. However, fires that create openings in dense sagebrush




habitats generally benefit pronghorn [322,389,851,853], because pronghorn require open cover that provides long-range
visibility to escape predation [587,853]. Pronghorn may not use areas with dense, tall sagebrush (e.g., >50% cover, >23
inches (58 cm) tall), but may use these areas after fire [213,850,851]. While Scott and Geisser [647] acknowledged that
pronghorn may benefit from small burns that "open up" forested areas in Yellowstone National Park, they recommended
suppressing fires in large stands of Wyoming big sagebrush to conserve critical winter forage for pronghorn. In the Great
Basin, pronghorn prefer sagebrush steppe habitats where total vegetation cover averages ~50%—with about equal
proportions of grasses, forbs, and shrubs—and trees are sparse [389,852]. Yoakum [849,852] recommended that
prescribed fires in pronghorn habitat be <1,000 acres (400 ha) and leave 5% to 10% shrub cover remaining in fire
perimeters. Pronghorn used a 1,000-acre (400-ha) burn in Wyoming big sagebrush in southeastern Idaho year-round, but
use was highest during winter and spring. Among three winters, use was lowest during a winter with deep snow. The
author concluded that while pronghorn rely on sagebrush for food and cover during winter and could be negatively
impacted by burns where sagebrush cover is limited, the prescribed fire did not appear to have a negative impact on the
pronghorn population due to the small size of the burn relative to other available habitat [281]. Repeated fires that
prevent big sagebrush reestablishment in sagebrush-grasslands are likely harmful to pronghorn populations [853].

Wyoming big sagebrush communities are critical winter range for mule deer in some areas [671,720], and Wyoming big
sagebrush is highly palatable to [286,671,762] and often heavily browsed by mule deer, especially in late fall and winter
[541,671]. Mule deer may eat Wyoming big sagebrush year-round, but in general, they prefer forbs and grasses when
green and succulent and switch to sagebrush and other browse when forbs and grasses are dry [65,408,440,548,758].
Many authors recommend creating or maintaining a mosaic of burned and unburned habitats to benefit mule deer (e.g.,
[114,148,164,322,657,834]). Stevens [687] stated that diversity of cover and food over short distances is key to
enhancing mule deer populations in big sagebrush areas. Fires that result in large expanses of homogeneous vegetation
are harmful to mule deer [322,436,651,733]. Fire may also enable unpalatable or nonnative invasive plants to establish,
which can reduce mule deer forage [834].

Because snow is relatively shallow in Wyoming big sagebrush communities, they are often important as winter ranges
for mule deer [671]. Fire is likely harmful on winter ranges because it removes Wyoming big sagebrush cover and
browse [47]. For example, mule deer numbers declined 66% during 33 years on the northern Yellowstone winter range,
possibly because Wyoming big sagebrush density declined 43% and cover declined 29% during that time [671]. Because
fire reduces cover, several authors cautioned against using prescribed fire in mule deer habitats where cover is limiting,
particularly on winter ranges [57,247,322,649,651,700]. Klebenow [394] noted that mule deer avoided large burns on
sagebrush-grassland winter range until shrubs recovered. Regardless of habitat, small burns are often considered better
for mule deer because they may not use portions of large burns [8,57,65,651,721]. However, small burns may be heavily
browsed, which may reduce or eliminate preferred sprouting trees and shrubs [651].

Elk are generally associated with a mosaic of open areas for foraging and forested areas for cover [674], and fire tends to
maintain this mosaic [111,322.435]. When preferred forest cover is not available, elk seek habitat that provides a
combination of variable topography, areas with little human disturbance, and shrubs, including big sagebrush [467,633].
Wyoming big sagebrush and other big sagebrush taxa provide important cover for elk during bedding [467,695] and
calving [365]. Elk most likely benefit from patchy fires that create early-successional habitats that provide forage while
leaving interspersed patches of forests and shrublands that provide cover. Elk are not likely to benefit from fires that
result in large expanses of homogeneous vegetation [226,322,435,670,709,747,754]. Fire reduces big sagebrush forage,
which elk browse in fall and winter [33,407,566]; however, elk eat a variety of plant species and prefer grasses and forbs
over browse when available [212]. Elk use of sagebrush communities may increase after fire, when palatable grasses and
forbs increase and less palatable shrubs decrease [747]. Fire may also enable unpalatable or invasive plants to establish,
which can reduce elk forage availability and thus, elk use [726,727,729]. After fire, the "optimum" postfire successional
stage is when herbaceous plant cover has built up and tree and shrub canopies are open [674,703]. However, elk use of
burned areas varies widely among locations, plant communities, and seasons due to variation in postfire vegetation
growth rates, adjacent habitat, and prefire elk density and movements [560,728,746,747]. Having a variety of sizes of
burned areas in a landscape may be most beneficial to elk [432,433]. However, small burns may be especially vulnerable
to overbrowsing by elk, especially in areas with large elk populations, such as elk winter ranges [111].

Bighorn sheep prefer habitats generally free of visual obstruction, including mountain grasslands, big sagebrush steppe,
and pinyon-juniper woodlands [382,567,677,717,748] that are near escape terrain (e.g., cliffs, rock rims, rock
outcroppings, and bluffs with sparse cover of trees or shrubs) [146,307,717,748]. In general, fires that reduce visual
obstruction in foraging areas near escape terrain benefit bighorn sheep by improving visibility and potentially increasing
forage [146,568,676,677,717,756,835]. Bighorn sheep primarily graze grasses and forbs, but browse woody plants when
herbs are unavailable [146], and big sagebrush can be an important part of their winter diet [379,382,448,785]. Bighorn




sheep use Wyoming big sagebrush communities as winter ranges after fires that increase herbaceous forage availability
[567]. Fires in mature conifer stands adjacent to escape terrain may maintain or establish bighorn sheep winter range.
Fall and early spring fires, particularly on southern and southwestern aspects, may provide more spring forage than
would otherwise be available to bighorn sheep [676,756,835]. Burning young forests and shrublands adjacent to bighorn
sheep winter range could provide migration corridors between winter and summer ranges [696]. While fire may help
maintain grasslands and improve production and palatability of important forage species for bighorn sheep [567], it
reduces habitat quality when rangeland condition is poor, nonsprouting forage species are eliminated, or too much area is
burned and forage is inadequate [568].

Follow links in table A2 to FEIS Species Reviews for fire effects information on wildlife species mentioned in this
section.

Considerations for Nonnative Invasive Plants:

o Consequences of annual grass invasion
e Preventing nonnative plant invasions

Figure 12—Wyoming big sagebrush steppe west of Vernal, Utah, with a
dense cheatgrass understory. Photo by Matt Lavin, courtesy of Wikimedia
Commons.

Consequences of annual grass invasion: Of the nonnative plant species present in Wyoming big sagebrush ecosystems,
annual grasses pose the biggest threat because they alter fuel characteristics and have the potential to lengthen the fire
season and increase the frequency, size, spread rate, and duration of wildfires [9,22,204,397,428,496,559], such that
Wyoming big sagebrush cannot reestablish [742], a grass/fire cycle establishes, and Wyoming big sagebrush
communities are converted to annual grasslands [22,108,180,400,702]. Nonnative invasive annual grasses of concern in
big sagebrush ecosystems include cheatgrass, medusahead, and ventenata [172,627]; among these, cheatgrass has been
the most harmful to date [663], and large areas of big sagebrush ecosystems have been converted to cheatgrass
monocultures [22,180,400,702]. Wyoming big sagebrush communities are highly susceptible to cheatgrass invasions
[142,491,492] (table 6). In the early 2010s, the U.S. Fish and Wildlife Service [742] considered wildfire "the most
significant threat to landscape scale losses of sagebrush habitat", especially because of the grass/fire cycle.

Cheatgrass-invaded Wyoming big sagebrush communities have more abundant fine fuels, greater fuel continuity, and
lower fuel moisture content than noninvaded communities, increasing the potential for frequent, large-scale, fast-
spreading wildfires [204]. Increased fire activity following cheatgrass invasion was documented by several researchers
(e.g., [64,578,813]) and quantified by others (e.g., [22,397,428,475]). For example, analyses of burned area data using
three datasets from 1980 to 2009 found that cheatgrass grasslands consistently had more frequent, faster spreading, and
longer duration fires and the largest proportional area burned compared to four native cover classes. Fire intervals for
cheatgrass-dominated grasslands in 251,000 miles? (650,000 km?) of the Great Basin averaged 78 years from 2000 to
2009, which was 2.5 times more frequent than fire intervals in the Wyoming big sagebrush-basin big sagebrush steppe
cover class [22]. The likelihood of ignition was greater in cheatgrass grasslands [22], and fire spread increased with


https://www.fs.fed.us/database/feis/plants/shrub/arttriv/all.html#TableA2

increasing cheatgrass cover [428]. The number (R? = 0.22) and size (R?> = 0.27) of cheatgrass fires were positively
correlated with precipitation during the preceding calendar year. Multiday fires from 2000 to 2009 were more likely to
start in cheatgrass grasslands than in other cover classes; however, 80% of these fires burned multiple cover classes [22].

Preventing nonnative plant invasions: Preventing invasive plants from establishing and spreading into new areas is the
most effective and least costly management approach (Box 1). In addition to invasive annual grasses, nonnative forbs are
becoming increasingly detrimental to sagebrush communities (see Other Management Considerations: Nonnative
invasive plants).

Box 1—Preventing the establishment of invasive plants in burned areas can be accomplished
through early detection and eradication, careful monitoring and follow-up, and limiting
dispersal of invasive plant seed. Specific recommendations from these sources
[13,107,291,736] include:

e Incorporate the cost of invasive plant prevention and management into fire
rehabilitation plans.

e Acquire restoration funding.

¢ Include prevention education in fire training.

¢ Minimize soil disturbance and vegetation removal during fire suppression and
rehabilitation activities.

e Minimize the use of retardants containing nitrogen and phosphorus.

¢ Avoid areas dominated by high priority invasive plants when locating firelines, fire
camps, staging areas, and helibases.

¢ Clean equipment and vehicles prior to entering burned areas.

e Regulate or prevent human and livestock entry into burned areas until desirable
vegetation has recovered sufficiently to resist invasion by undesirable vegetation.

¢ Monitor burned areas and areas of significant disturbance or traffic from management
activity.

¢ Detect invasive plants early and control before vegetative spread and/or seed dispersal.

¢ Fradicate small patches and contain or control large infestations in or adjacent to burned
areas.

¢ Reestablish native vegetation as soon as possible.

e Avoid use of fertilizers in postfire restoration and rehabilitation.

e Use only certified weed-free seed mixes when revegetation is necessary.

Warm, dry sagebrush sites are at greatest risk of cheatgrass establishment and spread, while cool and cold, relatively
moist sites have the least risk [30,141,156,496,702,712,831] (table 6, fig. 2). In 2005, >70% of the area occupied by
Wyoming big sagebrush-basin big sagebrush communities in the Great Basin region of Nevada, Utah, and California
was considered to have moderate to high risk of displacement by cheatgrass. Warm, dry sites at low elevations and on
south- and west-facing slopes were at the highest risk. Sites at high elevations and on north- and east-facing slopes were
at low risk [702]. Predicted climate changes are likely to favor the establishment and spread of cheatgrass
[91,479,496,629]. Consequently, low-elevation Wyoming big sagebrush-basin big sagebrush sites will likely become
more vulnerable to drought-related sagebrush mortality and less resistant to cheatgrass invasion following fire [555].

Because fire initially reduces perennial herb and biological soil crust cover and reduces the resistance of Wyoming big
sagebrush communities to cheatgrass invasion, prescribed fire is not recommended in areas where cheatgrass or other
nonnative plants are present and likely to spread or become dominant after fire [282,399,444]. In Wyoming big
sagebrush communities, ~20% or more cover of native perennial herb cover [141] and <15% cover of cheatgrass [704]
appear necessary to prevent cheatgrass invasion in burns. A study in Wyoming big sagebrush communities in north-
central Nevada and northeastern California found that while postfire site dominance could be of either native or
nonnative plants where cheatgrass cover on adjacent unburned sites was less than ~15%, native species never dominated
or increased in dominance where cheatgrass cover on adjacent unburned sites was >15% [704]. However, cheatgrass can
quickly become dominant after fire, even if it was a minor component of the prefire community. In a Wyoming big
sagebrush/bluebunch wheatgrass community in central Utah, cheatgrass cover on burned plots (36%) was >3 times that
on unburned plots (11%) 1 year after a midsummer, 27,000-acre (11,000-ha) wildfire. In postfire year 2, cheatgrass cover
on burned plots (50%) was about twice that on unburned plots (24%), despite a high density of native perennial




bunchgrasses present before the fire. Total precipitation was higher than average during both years [807]. Relatively wet
and warm weather, especially in fall and spring, favors cheatgrass establishment and growth [94,143,349,350,442,807].
Overgrazing by livestock and infilling of junipers and pinyons are likely to decrease cover of native perennial grasses,
decreasing resistance to the establishment and spread of nonnative annual grasses [106] (see Vegetation and site
characteristics).

Biological soil crusts help prevent the establishment and spread of nonnative annual grasses [109,142,605,739], so
maintaining and restoring biological soil crusts in Wyoming big sagebrush communities is important in preventing
nonnative plant invasions [223,625]. A rehabilitation study of nineteen 1- to 9-year-old burns in Wyoming big sagebrush
and twoneedle pinyon-Utah juniper communities in western Colorado found that cheatgrass cover is more likely to
increase after fire where biological soil crust cover is low than where it is high [661]. Grazing too soon after fire can
promote the spread of nonnative annual grasses by disturbing biological soil crusts and reducing native perennial plants
[49,172,201,421,605,739] (see Managing Postfire Livestock Grazing).

While protection from disturbance (i.e., suppression of wildfires and exclusion of livestock grazing) may help maintain
native perennial plants in "intact" Wyoming big sagebrush communities [139], some researchers advocate using
prescribed fire and livestock grazing in Wyoming big sagebrush communities where risk of cheatgrass invasion is low
[190,201,205,234,604]. For example, Davies et al. [205] stated that because Wyoming big sagebrush communities
evolved with fire, fire is important in maintaining these ecosystems. They hypothesized that prescribed fire might
increase the resistance of Wyoming big sagebrush communities to cheatgrass invasion by increasing herbaceous
vegetation cover, reducing bare ground, and reducing soil inorganic nitrogen. They seeded cheatgrass in unburned and
unburned sites 3 years after fall prescribed fires in Wyoming big sagebrush-bunchgrass plots at the Northern Great Basin
Experimental Range, Oregon, where annual precipitation averaged 12 inches (300 mm). The fires killed all the
Wyoming big sagebrush but was of low severity to the understory vegetation. In postfire year 4, total herbaceous plant
cover, density, and production were greater in burned than unburned sites, while cheatgrass cover and density, bare
ground, and soil inorganic nitrogen concentrations were lower (P < 0.10 for all comparisons), suggesting that resistance
to cheatgrass invasion may have been higher on burned than unburned sites. Many factors may have contributed to the
lower postfire cheatgrass cover and density on the burned sites: Before the fires, burned sites had an intact native
herbaceous understory and 9% to 15% Wyoming big sagebrush cover, lacked cheatgrass and other nonnative invasive
plants, and were not grazed for 5 years. In addition, the fires resulted in low herbaceous plant mortality, cheatgrass seeds
were introduced after a 3-year recovery period, and precipitation was 117% of average during the year of cheatgrass seed
introduction. The authors acknowledged that results would likely have been different if native herbaceous plants had
been depleted and cheatgrass was already present prior to burning [205].

In areas where native perennial plant cover is depleted, seeding after fire may help stabilize soils, speed recovery of
sagebrush and other shrubs, and prevent establishment and spread of nonnative species
[63,171,187,231,492,620,669,713,719,860]. However, seeding sagebrush communities after fire has had low success
rates, particularly on warm, dry sites [11,201,592,632]. For example, analyses of 101 postfire seeding sites in Oregon,
Idaho, Nevada, and Utah from 1990 to 2003 indicated that postfire seeding success was least likely on warm, dry
Wyoming big sagebrush sites. Seeding was most successful on sites with relatively low annual temperatures (especially
cool springs and falls) and relatively high total and spring precipitation, such as mountain big sagebrush sites [11].
Seeding may not be needed if native plant species can recover naturally after fire [288]. In Utah, natural revegetation (no
seeding) after fire was least successful on dry, low-elevation (<6,000 feet (1,820 m)) sagebrush sites because cheatgrass
"readily invaded the burned areas" and was most successful on moist, high-elevation sagebrush sites, especially on
northern and eastern aspects. Favorable weather (above normal precipitation and above average winter temperatures)
followed burning [438]. Controlling cheatgrass established on burned Wyoming big sagebrush sites may aid in
establishing desired seeded plant species [690]. Miller et al. [492] provide guidelines for determining when and where to
seed sagebrush stands (fig. 13). For more information, see Value for Restoration of Disturbed Sites and Field guides and
handbooks.




Figure 13—Considerations for postfire seeding in sagebrush communities based on relationships among prefire
perennial herbaceous cover, prefire cheatgrass seed density, and severity of the wildfire to perennial herbs and
cheatgrass. The red blocks represent areas where cheatgrass seed mortality was limited as a result of low to
moderate fire severity, and successful postfire seeding requires cheatgrass control. The blue blocks represent areas
where postfire cheatgrass seed density is low as a result of high fire severity, and a 1-year window for seeding with
minimal competition from cheatgrass typically occurs. The yellow blocks represent areas where vegetation
response is less predictable and information on past seeding results, local experience, and use of a score sheet are
needed to evaluate resilience to disturbance and resistance to nonnative annual grasses. The green blocks represent
areas where prefire perennial herbaceous cover was high and prefire cheatgrass seed density was low or postfire
cheatgrass seed density is low as a result of high fire severity, and seeding is not needed for perennial herbaceous

plant recovery [492].

Crested wheatgrass, a nonnative perennial bunchgrass, has been seeded extensively in sagebrush communities by land
management agencies [832]. Crested wheatgrass is commonly planted after fire on warm, dry Wyoming big sagebrush
sites—where revegetation success is relatively low and the threat of cheatgrass invasion is high—to preclude the
development of cheatgrass stands and to meet other management objectives [12,236,239,302,513]. Some researchers
consider stands of crested wheatgrass a preferred alternative to cheatgrass (e.g., [12,171,201,628]) because crested
wheatgrass is "fire resistant" and its caespitose growth form helps disrupt fuel continuity and slow wildfire spread
[512,569,570,571].

A rehabilitation process of "assisted succession" whereby cheatgrass stands are first revegetated with crested wheatgrass
and then revegetated with Wyoming big sagebrush and other native species can be successful (e.g., [L71]). However,
Wyoming big sagebrush may be slow to reestablish on sites seeded with crested wheatgrass [302,481], and crested
wheatgrass may limit diversity of native grasses and forbs [201,518]. While big sagebrush may naturally reestablish in
crested wheatgrass stands over time [302,532], recruitment is variable, depending on site characteristics, grazing
practices, presence of seed sources, and climate [201,514]. Recruitment is most likely if big sagebrush seedlings
establish soon after seeding, while recruitment in established crested wheatgrass stands is often sparse. Recruitment
appears most likely on sites receiving >12 to 14 inches (304-356 mm) of average annual precipitation [514].
Establishment of Wyoming big sagebrush in established crested wheatgrass stands may be improved by reducing crested
wheatgrass cover prior to seeding or planting Wyoming big sagebrush [171]. Steps that may be required to increase
Wyoming big sagebrush on sites dominated by crested wheatgrass include: 1) fire exclusion, 2) control of crested




wheatgrass, 3) planting or seeding Wyoming big sagebrush, and 4) posttreatment livestock grazing management [532].
Using prescribed fire to reduce crested wheatgrass is not recommended because it recovers from fire more quickly than
Wyoming big sagebrush [302]. Managed livestock grazing [239,302,347,532] and herbicides [202] may help reduce
crested wheatgrass cover and increase Wyoming big sagebrush cover.

In areas where cheatgrass is already abundant, special measures may be necessary to prevent recurrent fires [67] that
prevent sagebrush from reestablishing [742]. Greenstripping and grazing management to reduce fuel loads are two
methods employed to prevent large, recurrent fires in areas dominated by cheatgrass [570,707]. Nonnatives crested
wheatgrass and forage kochia have been the most successful species in greenstrips [438,513,525,570]. Greenstripping is
only recommended on high-value sagebrush sites threatened by annual grass invasion, because it fragments sagebrush
habitat and may result in greater abundance of nonnative plants if the seeding is unsuccessful [554]. Fire behavior
models suggest that managed livestock grazing may reduce fuel loads and flame lengths in greenstrips seeded with cool-
season perennial grasses, making fires easier to manage by hand crews under most fire weather conditions [864].
Herbicides may also help to maintain greenstrips [208]. Greenstrip establishment alone may not be sufficient to alter fire
behavior in cheatgrass grasslands [864].

Managing Conifers: Removal of junipers and pinyons to increase forage for livestock or improve wildlife habitat has
historically been a primary objective of prescribed burning in big sagebrush communities; however, this is not always
appropriate [10,282,490,623] (see Considerations for Wildlife Management). Authors generally only advocate for
conifer removal in areas where trees were historically sparse or absent and the density of trees has increased since
presettlement times [116,201,259,490,493,623].

Several authors recommended that priority for conifer removal on sagebrush sites be given to sites in the early stages of
woodland succession, before trees become dominant, because these sites are likely more resilient to nonnative annual
grass invasion, and restoration to sagebrush dominance is more likely on sites in early stages of woodland succession

Prescribed fire, mechanical treatments, and hand thinning of conifers have been recommended and implemented in big
sagebrush communities to slow conifer expansion and reduce the risk of high-intensity crown fires [42]. Many of these
methods have been used by federal land managers to reduce conifers in Wyoming big sagebrush communities (e.g.,
[310,635]). Gentilcore [282] and Miller et al. [491] review the advantages and disadvantages of conifer removal
methods. Prescribed fire can remove nearly all vegetation and easily covers large areas. However, it can also be
unpredictable, hard to control, may burn nontarget species, and often results in greater risk of cheatgrass establishment
and spread after treatment. Mechanical methods of conifer removal may be more appropriate than prescribed fire
[141,392]. Seeding of site-adapted big sagebrush taxa my help speed the recovery of big sagebrush after reducing
conifers [193]. See table A1 for links to FEIS reviews available for conifer species of interest.

Managing Postfire Livestock Grazing: Livestock tend to concentrate on revegetating burns in sagebrush
communities [147,262,277], including recent burns in Wyoming big sagebrush communities [277]. For example, in
central Oregon, cattle selected burns the first growing season after fall prescribed fires in Wyoming big sagebrush,

mountain big sagebrush, and low sagebrush communities, while they generally avoided these areas before the fires
[277].

Many authors recommend excluding livestock from recent burns in big sagebrush communities for at least the first 1 or
2 years to protect regenerating herbs (e.g., [60,67,118,492,563,740,749,814,840]) because grazing during the first
growing season after fire may accelerate sagebrush reestablishment at the expense of native perennials [563]. Different
recommendations include a nongrazing period of 2 to 3 years after fire [60], periodic growing-season rest from grazing
for up to 25 years after fire [181], and excluding livestock from burned areas until perennial grasses have recovered and
are producing viable seeds at a rate equal to that of prefire or unburned areas [134,749]. Stevens [688] recommended a
minimum of 3 growing seasons with no livestock grazing following seeding for burned and other disturbed Wyoming
big sagebrush sites with >12 inches (300 mm) average annual precipitation. He recommended 4 growing seasons with no
livestock grazing following seeding for sites with <12 inches average annual precipitation [688]. According to Miller et
al. [492,493], the length of time to defer livestock grazing depends on prefire vegetation, site characteristics, fire
severity, weather, and whether the burned area was reseeded.

Excluding livestock from recent burns in sagebrush communities for the first 2 years is probably adequate where:

o fire severity to understory vegetation was low to moderate;
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¢ postfire erosion is minimal;

« resilience to fire and resistance to invasive annual grasses are high;

e prefire herbaceous vegetation was dominated by native species, and invasive annual grasses were only a minor
component; and

¢ postfire monitoring indicates adequate recovery of shrubs, perennial grasses, and forbs or that seeding objectives
have been met [492].

Excluding livestock from recent burns for more than 2 years may be needed where:

fire severity was high, resulting in high mortality of deep-rooted perennial grasses;

resilience to fire and resistance to invasive annual grasses are moderate to low;

invasive annual grasses were codominant or dominant prior to the fire; and

postfire monitoring indicates slow recovery of perennial grasses and forbs or that seeding objectives have not been
met [492].

Grazing too soon after fire can promote the spread of nonnative annual grasses by reducing native perennial plants and
disturbing biological soil crusts [49,172,201,421,605,739]. Once cheatgrass is established, complete protection from
grazing or other disturbances will not usually reduce cheatgrass persistence [170,511,808]. Sixteen 4.0-acre (1.6-ha)
livestock exclosures were constructed in sagebrush (Wyoming big sagebrush, basin big sagebrush, black sagebrush, low
sagebrush, and Lahontan sagebrush), black greasewood, and winterfat communities in 1937 following the passage of the
Taylor Grazing Act. Sixty-five years later, cheatgrass cover was similar inside and outside exclosures, indicating that
excluding livestock had not prevented cheatgrass establishment and spread or reduced its cover [170]. Preventing
grazing for long periods may allow fine fuels to accumulate, which could lead to greater mortality of native perennial
plants and increases in cheatgrass abundance after fire [190].

In addition to delaying grazing after fire, authors recommend reducing livestock impacts on prescribed burns by
spreading use throughout numerous small, well-distributed burns. Small burns tend to be disproportionately trampled by
livestock, and burns >0.5 mile (0.8 km) from water have less chance of being "camped on" by livestock [444]. Miller et
al. [492] suggested that managers also consider impacts by wildlife, which can be heavy, when considering how to
manage livestock grazing in burns (see Wildlife browsing).

Decision Tools: There is a growing body of literature and tools to help managers manage, restore, or rehabilitate
Wyoming big sagebrush and other sagebrush communities. These include the following:

o Management guidelines

o Field guides and handbooks
o Web-based tools

o State-and-transition models

Management guidelines:

¢ Science Framework for conservation and restoration of the sagebrush biome: linking the Department of the
Interior's Integrated Rangeland Fire Management Strategy to long-term strategic conservation actions: Part 2
(2019) [177]

¢ Science Framework for conservation and restoration of the sagebrush biome: linking the Department of the
Interior's Integrated Rangeland Fire Management Strategy to long-term strategic conservation actions: Part 1
(2017) [138]

e Wyoming guidelines for managing sagebrush communities with an emphasis on fire management (2002) [845]

¢ Guidelines to manage sage grouse populations and their habitats (2000) [161]

¢ Guidelines for prescribed burning sagebrush-grass rangelands in the northern Great Basin (1987) [118]

Field guides and handbooks:

¢ Restoration handbook for sagebrush steppe ecosystems with emphasis on greater sage-grouse habitat—Part 3. Site
level restoration decisions (2017) [588]

¢ Guide for quantifying shrub cover and herbaceous fuel load in the sagebrush steppe in the thesis titled "Targeted
grazing applied to reduce fire behavior metrics and wildfire spread” (2016) [634]

¢ A field guide for rapid assessment of post-wildfire recovery potential in sagebrush and pifion-juniper ecosystems
in the Great Basin: Evaluating resilience to disturbance and resistance to invasive annual grasses and predicting



vegetation response (2015) [492]

¢ Restoration handbook for sagebrush steppe ecosystems with emphasis on greater sage-grouse habitat—Part 1.
Concepts for understanding and applying restoration (2015) [590]

» Restoration handbook for sagebrush steppe ecosystems with emphasis on greater sage-grouse habitat—Part 2.
Landscape level restoration decisions (2015) [589]

o A field guide for selecting the most appropriate treatment in sagebrush and pifion-juniper ecosystems in the Great
Basin: Evaluating resilience to disturbance and resistance to invasive annual grasses, and predicting vegetation
response (2014) [491]

¢ Guide for quantifying post-treatment fuels in the sagebrush steppe and juniper woodlands of the Great Basin
(2011) [86]

¢ Guide for quantifying fuels in the sagebrush steppe and juniper woodlands of the Great Basin (2009) [684]

 Piflon and juniper field guide: Asking the right questions to select appropriate management actions (2009) [710]

e Western juniper field guide: Asking the right questions to select appropriate management actions (2007) [487]

Web-based tools:

e Data Basin Mapping Tools is an online mapping and analysis platform centered on Great Basin ecosystems.

e The Fire and Invasive Annual Grass Assessment Tool (FIAT) is an assessment tool used to determine priority
landscapes most at risk of fire and invasive species.

e The Fire Effects Information System (FEIS), of which this review is a part, is an online collection of scientific
literature reviews about fire effects on plants and animals and about fire regimes of plant communities in the
United States.

e The Fuels Database for Intact and Invaded Big Sagebrush (Artemisia tridentata) Ecological Sites is an online tool
designed to assist land managers in estimating fuel loads in big sagebrush communities.

o The Sagebrush Steppe Treatment Evaluation Project (SageSTEP) is a long-term multidisciplinary experiment
evaluating methods of sagebrush steppe restoration in the Great Basin.

o SAGEMAP is a geographic information system database for sage-grouse and sagebrush steppe management in the
Intermountain West.

o The Sage Grouse Initiative Interactive Web Application is an online map application that visualizes, distributes,
and interactively analyzes spatial data from sagebrush steppe ecosystems.

e The Wildland Fire Decision Support System (WEDSS) is a web-based application used to evaluate wildfire risks
and document decisions.

State-and-transition models: Managers use state-and-transition models to determine recovery potentials and
management alternatives for sagebrush communities [176,472] and to explore how management alternatives may
interact with natural disturbances and affect the potential long-term trajectory of the community [242]. Many state-and-
transition models are available that describe Wyoming big sagebrush ‘ecological states’ and model transitions between
states resulting from natural and human-caused disturbances (e.g., [142,176,223,242,336,714,716,722,803,833]),
including some models that incorporate information on resilience to disturbance and resistance to nonnative annual
grasses (e.g., [140,141]). Changes in disturbance regimes and the establishment and spread of nonnative species can
cause a transition to a new state that differs in plant composition, structure, and function. Returning to the former state is
often difficult (and expensive) because of altered species composition and site attributes [419,714]. Restoration is more
likely in healthier than in degraded states [141]. Wildfire can either help to maintain ecosystem function within a
desirable ecological state, or move the ecosystem to a less desirable ecological state, such as one dominated by
nonnative annual grasses [714]. Careful assessment of site condition is necessary to determine the relevance of a
particular state-and-transition model, the suitability of a site for management, and the most appropriate treatment(s) for
the site [141].

Several authors [714,803] developed a state-and-transition model for the Great Basin that describes Wyoming big
sagebrush ecological states and shows how management affects those states (fig. 14). The "healthy sagebrush" state
(WSS-1) is dominated by Wyoming big sagebrush, native grasses, and forbs, and nonnative annual grasses are present
but sparse. Wildfire occurring at 107-year intervals maintains this state. Without fire for extended periods, this state may
shift to the "overgrown sagebrush" state (WSS-2). In WSS-2, Wyoming big sagebrush and possibly rubber rabbitbrush
are dominant with an understory of Sandberg bluegrass and increasing abundance of nonnative annual grasses. Junipers
may be present or increasing in abundance. In WSS-1, the success of treatments that maintain that state (i.e., prescribed
fire, mechanical treatments, herbicides, and seeding of desired species) is 100% and treatment costs are low. In WSS-2,
the success of treatments intended to transition the state back to WSS-1 is 50% and treatment costs are high. If
treatments are not successful, WSS-2 succeeds to the nonnative "annual grass dominated" state (WSS-3). Once in WSS-
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3, returning to WSS-1 is unlikely, with only a 2.5% treatment success rate, and treatment costs are high. Fire occurring
in WSS-3 tends to maintain this state. Thus, the probability of treatment success is strongly influenced by the relative
abundance of native perennial grasses and nonnative annual grasses [714,803].

Figure 14—Economic cost of management for alternative states in a warm, dry Wyoming big sagebrush plant
community [803]. Image used with permission.

Analyses of state-and-transition models for warm and dry Wyoming big sagebrush, warm and moist Wyoming big
sagebrush, and cool and moist mountain big sagebrush communities in California, Idaho, Nevada, Oregon, Utah, and
Washington found differences in resilience to fire and mechanical treatments among sites differing in soil temperature
and moisture regimes [141]. Resilience to disturbance and resistance to nonnative annual plants tended to increase from
warm and dry, to warm and moist, to cool and moist sites. On warm and dry sites, prescribed fire and mowing treatments
had similar effects. Both treatments tended to increase nonnative annual plant cover, while having no effect on native
perennial grass and forb cover and shrub recruitment. On warm and moist sites with juniper and pinyon expansion,
prescribed fire and cut-and-leave treatments tended to increase native perennial grass and forb cover and shrub
recruitment, but large increases in nonnative annual plant cover occurred on some sites. Cut-and-leave treatments were
more likely to aid recovery to a desirable state than prescribed fire. On cool and moist sites with juniper and pinyon
expansion, prescribed fire and cut-and-leave treatments in early- to midsuccessional stages of woodland succession
aided recovery to a desirable state and tended to increase native perennial grass and forb cover and shrub recruitment.
Native perennial grass and forb cover of ~20% or more prior to treatments appeared necessary to prevent substantial
increases in cheatgrass and other nonnative annual plants after treatments on all sites [141]. Detailed state-and-transition
models applicable to big sagebrush communities in Sage-grouse Management Zones III, IV, V, and VI are provided by
Chambers et al. [142]. See fig, 2 for a map of these management zones.

While state-and-transition models developed for Wyoming big sagebrush and other sagebrush communities can be
informative tools for resource managers, they may "overemphasize (or be misinterpreted as to) the need for treatments
while minimizing the relatively stable essence of many sagebrush communities" [812] (see Successional Status).

Considerations for Fuels:

Overview: Warm, dry Wyoming big sagebrush communities often have sparse fuels [118,830] that make prescribed
burning difficult [127,149,404,770], while moister Wyoming big sagebrush stands may have enough fuels to carry fire
[67,127]. Because cover of Wyoming big sagebrush and herbaceous fuels is variable and often patchy [149,325], burns
often form a patchy mosaic of burned and unburned areas [149,856]. Britton and Clark [104] considered Wyoming big
sagebrush sites the most difficult to burn under prescription, basin big sagebrush intermediate, and mountain big
sagebrush sites the easiest based on the amount of herbaceous fuels (see Fuels).

Prescribed fire may be used to create fire breaks and potentially reduce spread rate, flame lengths, and intensity of future
wildfires in midsuccessional Wyoming big sagebrush communities where postfire cheatgrass invasion is unlikely [604].
Seventeen years after prescribed fire in a Wyoming big sagebrush site with low pre- and postfire cover of cheatgrass



(<8.4%) at Hart Mountain National Antelope Refuge, total fuel loads were 7 times greater in unburned plots (5,366
pounds/acre (6,015 kg/ha)) than burned plots (741 pounds/acre (831 kg/ha)). Shrub fuel was nearly 10 times greater in
unburned than burned plots, and litter under shrubs was nearly 4 times greater in unburned than burned plots.
Herbaceous fuels were 5 times lower in unburned than burned plots (P < 0. 01 for all comparisons). These fuels data
were used to model fire behavior in unburned and burned plots under four scenarios of fuels drying. The model
estimated that rate of spread, flame lengths, and fireline intensity were lower in burned than unburned plots across all
scenarios [604]. Historically, sparse fuels on burned sagebrush areas may have acted as fire breaks [578].

Field sampling methods to estimate fuel characteristics of Wyoming big sagebrush were developed in the 1980s
[110,211], and more recently, photo series guides were developed to estimate fuels in Wyoming big sagebrush
communities (e.g., [86,553,634,684,737,838]). Wyoming big sagebrush fine fuel (twig) and foliage biomass can be
estimated using crown area and height [211]. The strong correlation between these variables (R? = 0.71) makes crown
area and height suitable for modeling fuel characteristics of Wyoming big sagebrush and mountain big sagebrush [110].
Reiner et al. [602] developed regression equations to predict foliage biomass, live biomass, and total biomass for
Wyoming big sagebrush and mountain big sagebrush in central Nevada. Photo guides that quantify fuels in all strata
(e.g., [86,684]) can be used to predict vegetation and fuel response to various treatments, assess target conditions, set
management objectives, help choose management activities to meet objectives, and determine treatment effectiveness
[86].

Several models describe fuel and weather conditions necessary to enable fire spread in big sagebrush ecosystems (e.g.,
[45,67,105,110,264,563,740,836,840]). For example, Brown [110] developed a fire behavior model in Wyoming big
sagebrush and mountain big sagebrush ecosystems based on fuels sampled in Montana and Idaho and estimated how rate
of spread and fireline intensity vary with big sagebrush height, percent cover, foliage moisture, and fraction of dead
stemwood. Wright [836] developed models for predicting fuel consumption and proportion of area burned during spring
and fall prescribed fires in big sagebrush communities, which included Wyoming big sagebrush, basin big sagebrush,
and mountain big sagebrush communities. Frandsen [264] developed a model estimating fuel load of Wyoming big
sagebrush and basin big sagebrush for fire behavior predictions. Britton et al. [105] provide a big sagebrush cover-
herbaceous fuel load curve representing proportions of big sagebrush cover and herbaceous fuels needed to produce a
successful burn. They conclude that at least 20% big sagebrush cover and 200 to 300 pounds/acre (224-336 kg/ha) of
herbaceous fuel are needed to ensure a prescribed burn that reduces big sagebrush density. Wyoming big sagebrush
cover is typically <25% [285,495] (see Stand structure), and this may contribute to the difficulty in getting a fire to carry
through many Wyoming big sagebrush communities [118]. Fuel characteristics and subsequent fire behavior change
when Wyoming big sagebrush and other warm to cool and moist sagebrush communities succeed to woodlands [846]
(see Fuels) and when these communities are invaded by nonnative annual grasses [813] (see Considerations for
Nonnative Invasive Plants).

Grazing management to reduce fuel loads: While impacts of livestock grazing on big sagebrush communities vary (see
Livestock grazing), strategic livestock grazing can be used under some conditions to reduce fine fuel biomass and
continuity and thereby decrease the risk, size, and severity of wildfires and possibly increase effectiveness of fire
suppression [189,197,198,199,200,201,203,526,634]. This is particularly important in areas with cheatgrass-dominated
understories [215,235,526,569], where seasonally targeted grazing may help break the grass/fire cycle [201]. Ungrazed
Wyoming big sagebrush, mountain big sagebrush, and low sagebrush plots in southeastern Oregon had ~2 times more
perennial bunchgrass cover, 1.5 times more total herbaceous cover, ~3 times more standing fine fuel biomass, ~2 times
more total fine fuel biomass (standing biomass plus litter), more perennial grass cover without fuel gaps, and smaller
fuel gaps than grazed plots (P < 0.03 for all comparisons) [197]. Fall and spring grazing in Wyoming big sagebrush
steppe in east-central Oregon reduced fine fuel biomass, cover, and height, and increased fuel moisture, thereby
decreasing ignition and initial spread potential compared with the ungrazed treatment. Grazing effects on predicted fire
behavior differed between fall and spring grazing. In the August that followed grazing treatments, the probability of
initial fire spread was 6-fold greater in the fall-grazed compared with the spring-grazed treatment. This suggests that
spring grazing may reduce fuels more than fall grazing [203]. In Wyoming big sagebrush and mountain big sagebrush
communities in Owyhee County, Idaho, cattle grazing was an effective tool for reducing flame height and rate of fire
spread during a late September prescribed fire. Shrub cover was low (<25%-30%); at higher shrub cover (31%-78%),
fire may have carried though the shrub canopy. The authors concluded that for cattle grazing to reduce fuels, and thus
create or maintain fire breaks, shrub cover must be maintained at low levels [634]. Diamond et al. [215] suggest that
strategic grazing in nonnative annual grasslands could reduce fuel loads and continuity enough to prevent a flame front
from carrying across treated areas even under "peak fire conditions" (i.e., July-August). Davison [209] provides detailed
information on using livestock grazing to reduce fuel loads in cheatgrass-dominated rangelands.




Considerations for Fire Characteristics:

o Fire frequency
o Fire size and pattern
o Fire season

Fire frequency: Miller et al. [496] stated that fires in sagebrush communities should not be more frequent than the
amount of time required for sagebrush cover and density to fully recover. My analyses of Wyoming big sagebrush
postfire recovery data showed slow postfire recovery of Wyoming big sagebrush cover on most sites, even at 66 years
since fire (fig. 7B) (see Analysis of postfire recovery studies). On the other hand, some authors recommended that fires
in cool to warm, moist sites be frequent enough to prevent conifer establishment and succession to woodland (e.g.,
[393]) (see Woodland Expansion).

Estimates of historical fire frequency in Wyoming big sagebrush communities can be used as an assessment tool for
comparison with current fire regimes and trends and to provide general guidelines for ecological restoration [745]. For
more information about historical and contemporary fire frequency in Wyoming big sagebrush communities, see the
FEIS synthesis Fire regimes of Wyoming big sagebrush and basin big sagebrush communities.

Fire size and pattern: While fire suppression efforts reduce fire sizes overall [132], wildfires in sagebrush communities
that occur during hot, windy weather can become large despite aggressive fire suppression responses [244,717]. The
1994 Butte City Fire near Idaho Falls, Idaho burned >20,500 acres (8,300 ha) of Wyoming big sagebrush communities in
<6.5 hours with spread rates as fast as 490 feet (150 m)/minute and flame lengths >40 feet (12 m). The fire was driven
by high winds. The authors of a case study on the fire reported that "during the majority of its run, the fire was moving
so fast that firefighters were never able to safely catch and attack the fire's head" [130]. Bunting [120] noted that fire
suppression can be difficult in many Wyoming big sagebrush communities because they are often surrounded by stands
of nonnative annual grasses, which are prone to fire.

Postfire recovery of Wyoming big sagebrush is likely faster if fires are small or have seed sources in burn perimeters
[20,567] (see Fire characteristics). If burning under prescription, guidelines recommend burning only small areas [690].
However, small burns tend to be disproportionately trampled by livestock [444] and may be heavily browsed by wild
ungulates [111,651]. Ypsilantis [865] recommended protecting small burned areas from overgrazing by livestock and
wild ungulates or using a mosaic burn pattern to distribute animals over a larger burned area.

Guidelines from Wyoming in 2002 suggest that prescribed fires be used in Wyoming big sagebrush communities to a
create a mixture of successional stages on the landscape, with ~13% of the area in early-successional stages with 0% to
5% Wyoming big sagebrush cover; ~33% in midsuccessional stages with 5% to 15% Wyoming big sagebrush cover; and
~53% in late-successional stages with >15% Wyoming big sagebrush cover. These guidelines also suggest adjusting for
local conditions and managing for specific wildlife habitat needs. Caution is urged when treating dry Wyoming big
sagebrush sites because postfire recovery can take longer than on moist sites [845]. Baker and Bukowski [20,115]
asserted that most contemporary sagebrush landscapes with Wyoming big sagebrush, mountain big sagebrush, and other
sagebrush taxa are highly heterogeneous due to fragmentation from land uses and natural disturbances, and that rest,
recovery, and preservation are more appropriate management objectives than further increasing heterogeneity.

Fire season: To produce a patchy burn that reduces big sagebrush and increases herbaceous plant production, authors
recommend burning when plants are dormant, either in early spring or fall [45,67,118,786]. For example, Beardall and
Sylvester [45] recommended prescribed burning mountain big sagebrush and basin big sagebrush before or just after
plants have broken dormancy in spring but before new grass growth reaches 2 inches (5 cm) tall. Burning big sagebrush
when soils are wet in spring can result in a patchy burn that allows some big sagebrush plants to survive [45,364,786].
However, the short time between snowmelt and green-up makes it difficult to burn when plants are dormant [118,310].
The Cody Field Office, Bureau of Land Management, conducted prescribed fires in Wyoming big sagebrush
communities in fall because relatively cool temperatures and relatively high fuel moisture make spring fires infeasible.
In addition, fall fires harm cheatgrass and favor native, cool-season perennial grasses such as bluebunch wheatgrass
more than spring fires because cool-season perennials are dormant in fall, while cheatgrass is not [310,786,862] (see
FEIS Species Review about cheatgrass).

Considerations for Climate Change: Places where conditions are becoming less suitable for big sagebrush may
benefit from management actions that promote sagebrush establishment, including fire exclusion, managing postfire
livestock grazing, reducing conifers, and preventing nonnative plant invasions [243,638]. A review by Finch et al. [255]
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suggests that managers could facilitate adaptation to climate change by maintaining landscape connectivity to ensure that
species can disperse from unsuitable sites to colonize more suitable sites. Long-term strategies for dealing with climate
change impacts on big sagebrush ecosystems include identifying areas that can maintain sagebrush communities in the
future, limiting anthropogenic development in these areas, and promoting sagebrush expansion into other communities at
the leading edge of climate-driven shifts in big sagebrush distribution [255].

MANAGEMENT CONSIDERATIONS
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Figure 15—Pygmy rabbit tracks through a Wyoming big sagebrush stand at

o Woodland Expansion the Seedskadee National Wildlife Refuge, Wyoming. Photo courtesy of U.S.
o Climate Change Fish and Wildlife Service.
FEDERAL LEGAL STATUS:

None

OTHER LEGAL STATUS:
None. Information on state- and province-level protection status of plants in the United States and Canada is available
at NatureServe.
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Overview: Sagebrush are keystone plants [47,844]. Many wildlife species depend on big sagebrush communities for
food and cover, including birds, small and large mammals, reptiles, amphibians, and insects [67,687,791,855]. Of these,
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several are sagebrush obligates, including sage-grouse, sage thrasher, sage sparrow, Brewer's sparrow, pygmy rabbit, and
sagebrush vole [785]. Paige [554] also consider pronghorn and sagebrush lizards to be obligates in sagebrush ecosystems
of the Great Basin. About 60 reptile and amphibian species, including Great Basin spadefoot, live in big sagebrush
ecosystems as do about 90 bird species, 80 small mammal species, and several large mammal species [785]. Important
predators in sagebrush communities include red fox, coyote, bobcat, American badger, weasels, and birds of prey such as
other arthropods, including aphids, beetles, moths, crickets, grasshoppers, katydids, cicadas, thrips, ants, and spiders
occur in big sagebrush ecosystems [723,788].

Wyoming big sagebrush is a crucial food item of sage-grouse, and Wyoming big sagebrush communities are critical
habitat for them (e.g., [149,257,606,732,800]). Wyoming big sagebrush is commonly browsed by mammals, especially
black-tailed jackrabbits, pygmy rabbits [844], mule deer, and pronghorn (e.g., [100,567,671,796]). Wyoming big
sagebrush communities are important ungulate winter ranges (e.g., [325,671,732,762,772]). On the northern Yellowstone
winter range, big sagebrush comprised 49%, 23%, and 4% of pronghorn, mule deer, and elk diets, respectively.
Pronghorn and mule deer occurred most commonly on low-elevation Wyoming big sagebrush sites, while elk were
equally common on low-elevation Wyoming big sagebrush sites and high-elevation mountain big sagebrush sites [671].
Cover and food value of Wyoming big sagebrush for several classes and species of wildlife are discussed in
Considerations for Wildlife Management.

Cattle, domestic sheep, domestic goats, and feral horses and burros use big sagebrush communities [785,855]. Some
Wyoming big sagebrush communities, such as Wyoming big sagebrush/Sandburg bluegrass communities in Idaho in the
8-inch (200-mm) precipitation zone, have only limited use for livestock grazing due to low forage productivity and
inability to support deep-rooted perennial bunchgrasses. Wyoming big sagebrush communities receiving greater annual
precipitation, such as Wyoming big sagebrush/bluebunch wheatgrass communities in the 7- to 12-inch (180- to 300-mm)
precipitation zone, may be important spring-fall range for livestock and winter range for wild ungulates [325].

Because of its importance as forage and cover for wildlife, several researchers developed methods for estimating
Wyoming big sagebrush forage (and fuel) production using plant crown measurements [211,618,673,759]. For example,
Wambolt et al. [759] modeled annual winter forage production of Wyoming big sagebrush, basin big sagebrush, and
mountain big sagebrush in areas of high and low ungulate use in southwestern Montana.

See table A2 for links to available FEIS Species Reviews on animals mentioned in this section.

Palatability: The palatability of big sagebrush depends on the animal species and varies by season, big sagebrush
infrataxa, and local big sagebrush populations and individuals [789]. Various wildlife species consume all parts of big
sagebrush, including the leaves, stems, pollen, seeds, and roots [791]. Wyoming big sagebrush is considered palatable to
most wildlife browsers [625]. Its palatability to livestock varies by species. Domestic sheep may eat big sagebrush
extensively, especially in winter and during drought [304]. Wyoming big sagebrush generally has low palatability for
cattle [541,785], although cattle may learn to eat it, and it can become a substantial part of their fall diet [579]. Domestic
goats browsed Wyoming big sagebrush very little on a Utah summer range [615], and results of a summer study at the
Northern Great Basin Experimental Range suggested that domestic goats had little potential for controlling of Wyoming
big sagebrush because they ate very little of it [248].

The characteristic aroma of big sagebrush is from volatile oils in the leaves (e.g., terpenoids and coumarins) that serve as
a chemical-defense mechanism to limit herbivory [844] and protect against rapid temperature changes and water loss
(Adams and Billinghurst 1927, cited in [655]). Sagebrush taxa differ in their concentrations of these compounds. For
example, in Gardiner, Montana, crude terpenoid concentrations were lowest in mountain big sagebrush, intermediate in
Wyoming big sagebrush and black sagebrush, and greatest in basin big sagebrush [694]. Total monoterpenoids of plants
collected from 20 locations and grown in common gardens varied from 0.93% to 1.41% dry-matter content for Wyoming
big sagebrush, 0.95% to 1.91% for basin big sagebrush, and 1.02% to 2.95% for mountain big sagebrush plants [793].

The role of terpenoids in determining palatability among sagebrush taxa or local populations of the same taxon is unclear
[797]. Some studies concluded that these compounds determine browse preferences (e.g., [533,577,655]), while others
concluded they are unimportant or less important than other factors (e.g., [151,641,796,816]). For a review of studies on
big sagebrush plant chemistry, see Welch [783]. For a review of studies on big sagebrush plant chemistry on the northern
Yellowstone winter range, see Wambolt [762].



Palatability of sagebrush species to sage-grouse varies within and among taxa, with Wyoming big sagebrush among the
most palatable [625]. In south-central Idaho, greater sage-grouse selected black sagebrush communities over Wyoming
big sagebrush communities, likely because black sagebrush had lower plant secondary metabolite concentrations [275].
In a common garden study in Utah, Welch et al. [800] found that greater sage-grouse preferred mountain big sagebrush
over both Wyoming big sagebrush and basin big sagebrush, but the birds shifted to the less preferred subspecies when
leaves and buds of mountain big sagebrush became limited. In contrast, in North Park, Colorado, greater sage-grouse
feeding sites contained more Wyoming big sagebrush and less mountain big sagebrush than random sites (P < 0.05 for
both comparisons). Wyoming big sagebrush leaves contained more crude protein and lower levels of monoterpenes than
mountain big sagebrush plants [606].

All sagebrush taxa are potentially valuable forage; however, wild ungulates often show a preference among taxa
[763,783]. Among the three major big sagebrush subspecies, mule deer and elk often have the highest preference for
mountain big sagebrush and moderate to low preference for Wyoming big sagebrush and basin big sagebrush (e.g.,
[100,577,641,654,655,761,763,769,796,797]), while pronghorn prefer Wyoming big sagebrush [281,671]. Ungulate
preference varies among Wyoming big sagebrush populations and years [763,796]. For example, preference by mule
deer differed between two sites in Beaverhead County, Montana, over 10 years. At one site, mule deer preferred gray
low sagebrush (an average of 36% of leaders were consumed each year) and mountain big sagebrush (34%) over
Wyoming big sagebrush (11%) and basin big sagebrush (7%), but at another site mule deer preference was similar
among mountain big sagebrush (32%), tall threetip sagebrush (32%), and Wyoming big sagebrush (29%). Utilization of
Wyoming big sagebrush leaders ranged from 3% to 26% at the first site and 10% to 52% at the second site during the 10
years [763]. Welch [783] provides additional information about ungulate preferences among sagebrush taxa.

Sage-grouse, voles, and ungulates browse Wyoming big sagebrush primarily in winter, when it is more palatable than
most other available vegetation [172,232,723,785]. Wyoming big sagebrush may be more available than mountain big
sagebrush in winter due to shallower snowpack on Wyoming big sagebrush sites [181,286,671,762] (see Climate). For
this reason, Wyoming big sagebrush is often severely browsed [671]. For example, elk, mule deer, and pronghorn on the
northern Yellowstone winter range browsed in Wyoming big sagebrush sites at low elevation (an average of 87% of
leaders browsed) 8 times more than in mountain big sagebrush sites at high elevation (11%); in part because Wyoming
big sagebrush plants were more available above the snow at low-elevation sites [671]. Wambolt and Sherwood [772]
stated that low-elevation Wyoming big sagebrush sites on the northern Yellowstone winter range "offer the best winter
foraging opportunities for ungulates" because of shallow snow.

Figure 16—Wyoming big sagebrush stems emerges above the snow at the
Seedskadee National Wildlife Refuge. Photo by Tom Koerner, U.S. Fish and
Wildlife Service.

Nutritional Value: Big sagebrush is nutritious forage for many wildlife species, although nutritional content changes
seasonally [783] and may vary among subspecies (e.g., [764,799]) and local populations (e.g., [799]). Nutritional value

generally does not decline substantially as plants age [194,385,583]. While Wambolt [764] found no difference between
young and old mountain big sagebrush and basin big sagebrush plants, young Wyoming big sagebrush plants contained
more crude protein (12.45%) than old plants (11.25%). The authors concluded, however, that there was "no meaningful

difference for herbivores" between young and old Wyoming big sagebrush plants [764].




Big sagebrush protein content and digestibility are typically higher than other available plants in winter. They are lower
than most associated plants in spring, when big sagebrush is not browsed as much [762,782]. A review of studies on the
chemistry of Wyoming big sagebrush, mountain big sagebrush, and basin big sagebrush provides data on seasonal
variation in crude protein and in vitro digestibility and suggests that big sagebrush in general contains enough protein to
meet the maintenance, gestation, growth, and lactation requirements of domestic sheep and cattle year-round;
maintenance and gestation of horses; maintenance, gestation, and lactation of mule deer; and maintenance of birds.
Winter crude protein content levels of big sagebrush seeds may meet the breeding and growing requirements of birds. In
vitro digestibility of big sagebrush ranges from 54% in winter to 59% in summer and fall. All are above the maintenance
and gestation requirements of most animals, but do not meet lactation needs [782]. For more information on big
sagebrush nutrition, see Welch [782].

Big sagebrush subspecies may differ in nutritional value [764,783,799]. For example, on the Gallatin National Forest,
Montana, midwinter crude protein of Wyoming big sagebrush (11.25%) and basin big sagebrush (11.29%) were more
than that of mountain big sagebrush (8.34%) (P < 0.05) [764]. All were above the maintenance requirements of mule
deer (7.5%) [779,782]. In a common garden, digestible dry matter was greater in basin big sagebrush (62.1%) than both
Wyoming big sagebrush (51.4%) and mountain big sagebrush (53.2%) [799].

Cover Value: Some Wyoming big sagebrush stands provide good cover for many wildlife species, although stands
with small, scattered Wyoming big sagebrush plants may provide little cover, especially for large animals [210]. Many
sagebrush obligate birds, such as sage-grouse [99,496], sage sparrow [473], and sage thrasher [473], use Wyoming big
sagebrush communities for cover. Wyoming big sagebrush communities provide important cover for many small
mammals, including mice, shrews, voles, kangaroo rats, chipmunks, ground squirrels, rabbits, and hares [388,778,785].
Wyoming big sagebrush cover is reduced by burning [497] (see Plant Response to Fire). Cover and food value of big
sagebrush for wildlife are discussed in further detail in Considerations for Wildlife Management.

Herbivory: Wyoming big sagebrush has low tolerance to browsing [274]. Singer and Renkin [671] stated that the
ability of Wyoming big sagebrush to recover from herbivory is less than that of mountain big sagebrush and basin big
sagebrush because Wyoming big sagebrush tends to be shorter, have slower seedling growth rates, and accumulate less
annual growth.

Heavy browsing of big sagebrush can reduce density, cover, height, seed production, and recruitment (e.g.,
[272,328,474,671,768,787]) and even kill big sagebrush plants [723,762]), especially where big sagebrush densities are
low (<1.5 plants/100 feet?) [272]. The percent of dead crown in live Wyoming big sagebrush, basin big sagebrush, and
mountain big plants increases in proportion to the overall amount of browsing received. For example, at two study sites
near Gardiner, Montana, the percent of dead crown on live plants of Wyoming big sagebrush, basin big sagebrush, and
mountain big sagebrush following heavy elk and mule deer browsing from 1982 to 1992 was 45%, 30%, and 59%,
respectively [761]. Dead stemwood is common in old plants [110] (see Botanical Description).

o Vildlife browsing
o Small mammals
o Wild ungulates
o Insects

e Livestock grazing

Wildlife browsing

Small mammals: In winter, long-tailed voles, mountain voles, and meadow voles eat the cambium layer of big sagebrush
stems buried in the snow [14,271,783]. When vole populations are large, browsing can kill or cause extensive damage to
big sagebrush plants [271,528,783], especially where snow is deep [271,528]. Although extensive damage to sagebrush
by voles is probably most common in mountain big sagebrush communities that accumulate deep snow [243], it may
also occur in Wyoming big sagebrush communities [6]. While Evers [243] did not include vole damage in the modeled
successional rate for warm, dry Wyoming big sagebrush communities where shallow snow is typical, she included it in
the modeled successional rate for cool, moist mountain big sagebrush communities where deep and persistent snow is
frequent. An assumed 4- to 5-year population outbreak cycle meant that during 100 years, 23% of the years would have
vole populations large enough to thin mountain big sagebrush stands [243].

Because black-tailed jackrabbits eat the seedlings of most plant species in sagebrush communities, Barbour et al. [25]
hypothesized that when black-tailed jackrabbit population density is high, seedling recruitment of big sagebrush and



other plant species could be eliminated (e.g., [455]). In southeastern Idaho, years with high black-tailed jackrabbit
populations often corresponded with years of low big sagebrush establishment [153].

Black-tailed prairie dogs may reduce Wyoming big sagebrush biomass and cover at colonized sites [369]. In eastern
Montana, sites colonized by black-tailed prairie dogs averaged less aboveground biomass of Wyoming big sagebrush
(0.9 pound/acre (1 kg/ha)) than uncolonized sites (187 pounds/acre (210 kg/ha); P < 0.001) during 2 years, and average
Wyoming big sagebrush cover on colonized sites (0.1%) was less than that on uncolonized sites (7%; P < 0.001).
Wyoming big sagebrush had not recovered on a site 50 years after a black-tailed prairie dog colony was poisoned,
suggesting a long recovery period following Wyoming big sagebrush removal by black-tailed prairie dogs [369].

Wild ungulates: Heavy wild ungulate browsing decreases Wyoming big sagebrush cover, density, and production
[289,474,671,672,761,772,787]. Declines in Wyoming big sagebrush cover associated with heavy, long-term mule deer,
elk, and pronghorn browsing on the northern Yellowstone winter range are described by many researchers (e.g.,
[328,474,671,762,767,772]) (see Postfire herbivory). Wyoming big sagebrush decline (i.e., slow growth, low seed
production, shoot dieback, and occasional death) on Taylor Flat in Daggett County, Utah, was attributed to overbrowsing
by mule deer [537]. In addition to directly eliminating sagebrush, fire concentrates ungulate browsing on burns [762]
(see Considerations for Wildlife Management).

Insects: Insects such as Aroga moths (e.g., [280,785]), grasshoppers [4,292,311], a leaf-feeding beetle (Trirhabda pilosa)
[708], and sagebrush webworm [678] damage and kill big sagebrush plants, and insect herbivory reduces Wyoming big
sagebrush flower and seed production [708]. Outbreaks of Aroga moths may cause high mortality of big sagebrush
plants. For example, they caused nearly 100% mortality of mountain big sagebrush plants in a stand in the Great Basin
[491]. However, Aroga moth populations are heavily parasitized during peak periods and usually decline abruptly after 1
or 2 years at peak level. The sagebrush stands then gradually recover [785]. In 2013, Evers et al. [242] stated that very
little information was available on Aroga moth outbreak frequency, size, and severity. Their models of Wyoming big
sagebrush postfire successional rates in southeastern Oregon suggested that Aroga moth outbreaks may have played a
much greater role than fire and drought in Wyoming big sagebrush dynamics prior to 1850 by either affecting larger
areas or by occurring more frequently. However, pronghorn browsing appeared to play an even bigger role than Aroga
moth outbreaks [243].

Many species of grasshoppers consume large quantities of big sagebrush and may kill Wyoming big sagebrush plants
[311,788]. For example, in field plantings in eastern Montana, grasshoppers caused "considerable" mortality of
Wyoming big sagebrush seedlings [311]. Welch [788] listed 12 species of grasshoppers that eat big sagebrush plants.
Some species prefer big sagebrush, while others are generalists [788]. Decreased sagebrush cover and increased annual
grass cover resulting from wildfires or other causes may lead to greater grasshopper densities, lower grasshopper
diversity, and a greater proportion of grasshoppers with a generalist diet [252,253,788]. In sagebrush-bunchgrass types
(Wyoming big sagebrush, basin big sagebrush, mountain big sagebrush, low sagebrush, alkali sagebrush, and threetip
sagebrush) in southern Idaho, areas severely disturbed by wildfires and nonnative annual grasses had greater grasshopper
densities for 3 years than less severely disturbed areas that retained some sagebrush cover [252]. For further information
on insect use of big sagebrush, see Welch [788].

Livestock grazing: Impacts of livestock grazing on big sagebrush stands can be positive, negative, or neutral to big
sagebrush communities, depending on livestock class, timing, severity, duration of grazing, and vegetation composition
of the community [49,67,172,723,789,791]. Wyoming big sagebrush communities have a lower capacity to support
livestock grazing because they have lower production, ground cover, shrub cover, and diversity in species and structure
than the other major big sagebrush subspecies [288]. Many reviews of the effects of livestock grazing on big sagebrush
communities are available (e.g., [49,67,172,723]).

When big sagebrush communities are heavily grazed by livestock, herbaceous plant abundance tends to decrease and big
sagebrush density and cover tend to increase because most of the herbaceous species are more palatable to livestock than
big sagebrush, especially during the growing season [49,172,232,643,723]. While Wyoming big sagebrush sites that
have been heavily grazed may become relatively dense (>20% Wyoming big sagebrush cover) and have depleted
understories [495,827], the response of Wyoming big sagebrush to the exclusion of livestock following periods of heavy
livestock grazing varies. Some studies show increases in Wyoming big sagebrush cover after grazing exclusion (e.g.,
[5,97,640]), while others show decreases (e.g., [770]) or no change (e.g., [186,848]).

Overgrazing by livestock during the late 1800s and early 1900s, coupled with severe drought triggered a rapid change in
sagebrush plant communities, resulted in reduced cover and density of native herbaceous plants. However, overgrazing
alone is not sufficient to explain vegetation changes throughout the sagebrush region since that time [496,503].



Beginning in the 1930s and peaking in the 1950s and 1960s, land management agencies reduced sagebrush cover over
large areas. Prescribed fire, herbicides, mechanical methods, and grass plantings were used to convert sagebrush types to
grasslands for seasonal grazing by livestock [133,453,518]. Planting efforts included seeding with nonnative grasses,
primarily crested wheatgrass, which affected approximately 6.4 million acres (2.6 million ha) of sagebrush lands by the
1970s [398]. As of 2017, federal resource managers in some regions continued to use prescribed fire and other methods
to reduce big sagebrush cover and increase herbaceous plant production for livestock and wildlife (e.g.,
[310,585,658,753]). However, prescribed burning on some federal lands had been curtailed due to concern over
additional widespread losses of big sagebrush communities from wildfire, nonnative plant proliferation, and other causes
[121,540,679,685]. Past management has had legacy effects on the composition and diversity of sagebrush steppe plant
communities, and many sites have not recovered [532,616]. Livestock grazing and associated habitat alterations have
had the most widespread impact on sagebrush rangelands of any land use [398].

Livestock grazing often exacerbates impacts from invasive annual grasses such as cheatgrass [833]; however, cheatgrass
abundance may also be reduced by uniformly heavy spring grazing. It is highly palatable to cattle in spring, and
appropriately timed grazing reduces seed production [351,854]. In some cases, light to moderate grazing may indirectly
prevent cheatgrass invasion of Wyoming big sagebrush sites by reducing litter accumulation and associated fire risk,
which could kill desirable vegetation from fire [190], while intensive grazing can reduce the abundance and continuity of
cheatgrass fine fuels [201] (see Considerations for Fuels). However, heavy spring grazing may increase cheatgrass
abundance by weakening native cool-season perennial grasses [854]. For more information, see the FEIS Species
Review of cheatgrass.

Biological soil crusts are an important component of the nutrient cycle in sagebrush ecosystems because they include
nitrogen-fixing microbiota, sequester many nutrients—including phosphorus and potassium—and increase soil carbon
storage. Livestock grazing disturbs biological soil crusts [55]. For example, in a Wyoming big sagebrush community in
east-central Idaho, biological soil crust cover inside an 8-year-old exclosure was about twice that outside the exclosure
[374]; however, biological soil crust cover was greater inside only one of nine 30- to 45-year old exclosures in Wyoming
big sagebrush communities in Wyoming. These results were attributed to low Wyoming big sagebrush cover in most
exclosures at the time of their construction and to varied grazing use outside of exclosures since [531]. Once disturbed,
soil crust recovery rates are slow [55]. As a result, contemporary nutrient cycling in sagebrush systems is probably
substantially different from that historically, with greater leaching of nutrients from current systems [739]. Where crust
communities are well established in sagebrush ecosystems, they help prevent the establishment and spread of nonnative
annual grasses [109,142,605,739]; consequently, they reduce the likelihood and slow the spread of wildfire [56].

The introduction of livestock grazing during the late 1800s may also have contributed to woodland expansion in big
sagebrush communities. However, a direct relationship between livestock grazing and woodland expansion is difficult to
substantiate because the role of fire must also be accounted for, and fire characteristics prior to livestock introduction are
poorly understood. Patterns of woodland expansion into sagebrush steppe are not apparently related to grazed/ungrazed
fenceline contrasts or distance to water, which are often observed with livestock grazing [496].

VALUE FOR RESTORATION OF DISTURBED SITES:

Wyoming big sagebrush is used for stabilizing slopes and gullies and for restoring degraded wildlife habitat, rangelands,
mine spoils, and other disturbed sites [227,462,653,665,690]. According to Finch et al. [254], it was the predominant
taxon seeded following wildland fires in sage-grouse habitats as of 2015. Wyoming big sagebrush cultivars, such as
'Gordon Creek', were developed for use in restoration projects and on wild ungulate and sage-grouse winter ranges due
to their palatability and nutritional value [798]. Wyoming big sagebrush X silver sagebrush hybrids were produced in
hopes of maintaining sprouting shrubs on areas where cheatgrass has established a grass/fire cycle [783].

Wyoming big sagebrush is easily propagated from seeds under greenhouse, nursery, and common garden conditions
[311,431] and has been successfully seeded directly into field sites, although results vary [653]. It has been planted in
field sites using nursery-grown and wilding bareroot and containerized stock, often with high survival (e.g.,
[214,311,431,667,686,789,796]). Wyoming big sagebrush can be propagated from stems cuttings. In a greenhouse, 6%
of stem cuttings rooted in 17 weeks [311]. Plantings may be more successful than seedings [202]. For example,
Herriman [316] reported that outplanting survival of nursery-grown Wyoming big sagebrush seedlings is nearly double
survival rates of seedlings resulting from direct seeding. In addition, plantings reach reproductive maturity and produce
seeds more quickly than plants established from seeds (NRCS 1999, cited in [223]), although once mature, seed-derived
plants may produce more seeds than containerized plants [780]. Wyoming big sagebrush plants may act as nurse plants
for native perennial bunchgrasses and thereby aid in site restoration (e.g., [88,182,341,348]). However, because of the
relatively high cost of producing and planting Wyoming big sagebrush plants, this approach usually is used to create




small islands of sagebrush on a site, with the expectation that they will expand through self-seeding (NRCS 1999, cited
in [223]). Conserving any existing Wyoming big sagebrush plants during postfire restoration or rehabilitation efforts is
recommended [88)].

Successful establishment of Wyoming big sagebrush after artificial seeding in areas with low precipitation, such as
Wyoming big sagebrush/Sandberg bluegrass communities receiving <8 inches (200 mm) of annual precipitation, may be
low and is likely to occur only in years with above-average precipitation [325]. Wet weather [188,510,645] (see
Moisture availability), low cover of other vegetation [230,403,514,563,645,665,750,822] (see Interference and
competition), and minimal browsing [557] increase Wyoming big sagebrush seedling establishment after seeding and
outplanting. Using direct-placed topsoil with arbuscular mycorrhizal inoculum [645] and adding mycorrhizal fungi
spores to the root zone of transplants [214,509] may help seedlings establish on dry sites (see Vesicular-arbuscular
mycorrhizal fungi).

Seeding methods that distribute big sagebrush seeds on or near the soil surface result in the highest germination
[437,514,789]. Seeding is recommended in fall and winter, at about the same time that seeds naturally disperse
[410,482,690,789]. Seeding big sagebrush onto snow over disturbed soil has been successful at some sites [514,690];
however, on warm, dry sites snow cover may be inadequate to ensure successful Wyoming big sagebrush establishment
and emergence [437,552], especially in large burns where soil surfaces dry rapidly [690]. Methods that entrap snow on
the site until the time of seed germination in spring may increase seedling establishment [519,690].

Big sagebrush seeds are adapted to their climates of origin. Nonadapted seeds may germinate at inappropriate times, and
seedlings may fail to emerge or persist [93,483] (see Germination). Thus, it is important to match seeds and plant
collections to sites similar to where they were collected [93,484,514,789]. Mahalovich and McArthur [441] stated that
when determining a seed mix, it is more important to match a species to its native environment than to choose a
subspecies or cultivar based on wildlife or livestock preference. They recommended that seeds or plants not be moved
farther than 300 miles (480 km) from the place of origin to the planting site [441].

Recommendations for planting and seeding Wyoming big sagebrush and other big sagebrush subspecies, including rates,
timing, and seed bed preparation, are available (e.g., [80,358,410,437,514,519,552,652,690,789]).

OTHER USES:

Sagebrush is valued for its antifungal, antimicrobial, analgesic, and anesthetic properties in traditional herbal medicine
[664,752]. American Indians use big sagebrush for many purposes. They use big sagebrush leaves and branches for
medicinal teas [343,556] and as a "smudge" plant in cleansing rituals [664]. The seeds can be eaten [296,527]; the bark
woven into ropes, mats, baskets, bags, and clothing [343,556]; and the plants used for fuel [346,664], bedding, and
shelter [343,784].

Big sagebrush was little used by European-American settlers. They occasionally used the branches for thatching [751].
The wood produces a very hot fire, and was used in mine smelters [527]. Big sagebrush has little current commercial
use. It is sometimes used for xeriscaping [321,527].

OTHER MANAGEMENT CONSIDERATIONS:

o Changes in Land Cover

o Nonnative Invasive Plants
» Woodland Expansion

o Climate Change

Changes in Land Cover: The land area historically occupied by sagebrush communities has been reduced and
altered by the cumulative and interacting effects of altered fire regimes; livestock grazing and associated land
management; proliferation of nonnative plants, particularly annual grasses; woodland expansion; climate changes;
development for agriculture and energy; urbanization and infrastructure development, such as roads and powerlines;
water extraction; and reservoir development [67,98,160,306,398,496,503,518,787]; however, few studies have compared
historical and contemporary Wyoming big sagebrush distributions quantitatively. Miller et al. [496] estimated that only
55% of the area delineated on Kuchler's [406] maps as potentially dominated by sagebrush was occupied by sagebrush in
2011. In an assessment of the area encompassing the Interior Columbia Basin and portions of the Klamath Basin and
Great Basin, Hann et al. [306] estimated that dry shrub communities, which included big sagebrush (Wyoming big
sagebrush and basin big sagebrush), low sagebrush, threetip sagebrush, antelope bitterbrush, and salt desert shrub




communities, occupied about 30% of the area from 1850 to 1900 and about 21% of the area from 1900 to 1997—a
reduction of about 30%. Changes in area occupied by big sagebrush communities varied among the Ecological
Reporting Units, and ranged from a 0.2% increase in the Central Idaho Mountains to a 41.8% reduction in the Upper
Snake (table 7). Reductions were greatest at elevations below 3,900 feet (1,200 m), largely due to conversion to
croplands, haylands, or pastures [306]. Bunting et al. [119] considered warm, dry Wyoming big sagebrush sites in the
Columbia Basin the most highly altered of 17 rangeland vegetation types due to past livestock grazing, nonnative
invasive species, and increased occurrence of fire [119].

Table 7—Comparison of the distribution of Wyoming big sagebrush and basin big
sagebrush communities in the Interior Columbia Basin and portions of the
Klamath Basin and Great Basin between two time periods. Asterisks indicate a
significant difference in mean cover between time periods (P < 0.05) [306].
Ecological ||Area occupied from 1850-1900 .. ||Change in
g %) Mean area occupied .
Reporting  [|(% o, |[area occupied
i — - from 1900-1997 (%)|[ 4

Unit |M1n1mum HMax1mum||Mean (%)
sue oo lsss fgss 69 1.77%

ountains
Central
Idaho 4.51 5.15 4.51 4.72 0.20
Mountains
Columbia 57 43 |30.6 39.6  [21.30 -18.30%
Plateau
Northern 5 5 3.61 338 [0.68 -2.70%
Cascades
Northern
Glaciated 2.99 3.34 3.34 0.06 -3.28*
Mountains
gorthem . |37.57  |l61.04  [61.04 |[58.71 -2.32%

reat Basin
Owyhee i31 03 |ls2.03  [52.03 |l41.20 -10.83
Uplands
Snake *
Headwaters 6.89 7.72 7.72 0.08 -7.64
Southern ), < 4.67 467 135 -3.32%
Cascades
Upper Clark 1o 05 Jlo14 [0.02 0.0 <0.01
Fork
Upper
Klamath 1.05 1.39 1.39 1.39 0
[Upper Snake |[47.47  |[72.81  [[72.81 [j31.0 |-41.81* |
| Total [1636  [24.54  [24.54 |[16.43 |-8.11% |

Much of the area occupied by Wyoming big sagebrush communities is at risk of conversion to nonnative annual
grassland or conifer woodland. About a third of the land formerly occupied by sagebrush communities has converted to
other land cover types, including nonnative grasslands, nonsagebrush shrublands, and juniper woodlands [496].
Additional areas of big sagebrush are under threat of conversion. Of the 20.4 million acres (8.3 million ha) of sagebrush
in the Central Basin and Range ecoregion present in 2005, 58% was estimated to be at moderate or high risk of
displacement by cheatgrass by 2035. In 12.0 million acres (4.8 million ha) of sagebrush in the eastern Central Basin and
Range, 41% was estimated at moderate or high risk of pinyon-juniper expansion by 2035. Wyoming big sagebrush-basin
big sagebrush communities comprised 63% of the total sagebrush area in the Central Basin and Range and 72% was at
moderate to high risk of displacement by cheatgrass. They comprised 59% of the total sagebrush area in the eastern
Central Basin and Range, and 35% of this area was at moderate to high risk of pinyon-juniper expansion. When both



threats are considered together, almost 90% of the total area occupied by sagebrush communities in the eastern Central
Basin and Range, including 95% of the area occupied by Wyoming big sagebrush-basin big sagebrush communities, was
estimated to be at moderate or high risk of displacement by cheatgrass or pinyon-juniper expansion by 2035 [702].
Climate change scenarios predict that Wyoming big sagebrush communities may decrease in extent if such changes
result in either a grass/fire cycle that prevents sagebrush populations from reestablishing [243,712] or in conifer
expansion [243] (see Climate Change).

Nonnative Invasive Plants: Because Wyoming big sagebrush communities occur on warm, dry sites, they are highly
susceptible to nonnative plant invasions [142,143] (table 6, fig. 8). While many nonnative plant species have replaced
native species in Wyoming big sagebrush communities, invasive annual grasses—particularly cheatgrass, but also
medusahead and ventenata—are considered the most problematic in sagebrush ecosystems because they alter fuel
characteristics on invaded sites and can lengthen the fire season and increase the frequency, size, spread rate, and
duration of wildfires [9,22,158,397,428,496,559] (see Considerations for Nonnative Invasive Plants). Large areas of big
sagebrush—especially Wyoming big sagebrush and basin big sagebrush—have converted to cheatgrass grasslands as a
consequence of frequent wildfires [22,180,400,702]. Nonnative forbs are also a concern in many sagebrush
communities. As of 2015, nonnative perennial forbs such as Russian knapweed, squarrose knapweed, Dalmatian
toadflax, and Canada thistle were becoming increasingly harmful to sagebrush communities [9]. Analyses in 2011 (table
8) [496] and 1997 [306] considered Wyoming big sagebrush and basin big sagebrush communities highly susceptible to
cheatgrass, Dyer's woad, and Mediterranean sage invasion. In 2015, cheatgrass cover was high (>15%) across 31% of
the Great Basin, and was particularly prevalent in the Snake River Plain and eastern Washington (fig. 17) [96].
Nonnative annual forbs, such as tall tumblemustard, may also be harmful to sagebrush communities by displacing native
perennials [495,861].

Table 8—Susceptibility of upland community types to nonnative plant establishment and spread.
Susceptibility is ranked as H=high, M=moderate, L=low, and U=unknown (compiled by [496]).
Community types with Wyoming big sagebrush, basin big sagebrush, and threetip sagebrush are
highlighted in yellow as are nonnative plant species ranked as high in these communities. For more
information on fire effects on these nonnative plant species, see the FEIS Species Reviews and Miller
et al. [493].

N . Wyoming big sagebrush, Mountain ||[Low sagebrush ||Salt ||Crested

lonf[la ve basin big sagebrush, and big and black desert ||wheatgrass and
prant species threetip sagebrush sagebrush ||sagebrush shrub |lother bunchgrasses
bull thistle  |[M M M M |H |
|Canada thistle ||M ||M HM HM HH ‘
|cheatgrass ||H ||M HM HM HH ‘
common L M L L M
crupina
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toadflax M H M L H
diffuse
knapweed M M M L H
|Dyer's woad ||H ||L HH HL HH ‘
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heart-podded M M M M M
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Figure 17—Cheatgrass presence in parts of the Great Basin and Columbia
Plateau as of 2015. Image courtesy of Bethany Bradley.

Woodland Expansion: Even prior to European-American settlement in the mid- to late 1800s, juniper and pinyon-
juniper communities were dynamic, expanding and contracting throughout the Holocene (last ~10,000 years) due largely
to changing climate and fire patterns [228,490,506]. Historically, junipers and pinyons spread into nearby big sagebrush
communities (primarily on cool to warm, relatively moist sagebrush sites [142,493]) when climate was suitable and the
interval between fires was long enough for seedlings to establish and trees to mature [496]. All pinyons and most
junipers are killed by fire. Pinyons are intolerant of fire at all life stages, while the probability of western juniper trees
being killed by fire decreases for trees >50 years old on high-productivity sites and >90 years old on low-productivity
sites [117,125,496,499].

Since European-American settlement, density of junipers and pinyons has increased in many sagebrush and woodland
communities [493,505,623,857], while it has not changed or has declined in others [623]. A study that compared
LANDFIRE Biophysical Settings and Existing Vegetation Type data for five subregions found that the area covered by
pinyon-juniper communities has increased the most in the Great Basin and Semi Desert subregions, minimally in the
Southern Greater Yellowstone subregion, and not at all in the Middle Rockies subregion. Pinyon-juniper communities
have also increased, but to a lesser extent, in the Plateaus and the Uinta and Wasatch Front subregions [305]. Other
sources suggest that juniper expansion is not common in the Middle Rockies and Wyoming Basin ecoregions (Williams

2014, personal communication in [413,414]).

The greatest proportion of conifer expansion has occurred on cool to warm, relatively moist sagebrush sites (table 6).
These sites include mountain big sagebrush communities and low sagebrush communities on moderately deep soils as
well as Wyoming big sagebrush and black sagebrush communities at the moister ends of their distribution [142,493].
Hann et al. [306] ranked plant communities from most to least susceptible to western juniper expansion as follows:
mountain big sagebrush, basin big sagebrush, low sagebrush, quaking aspen, antelope bitterbrush, mountain-mahogany,



Idaho fescue, ponderosa pine, bluebunch wheatgrass, stiff sagebrush, Wyoming big sagebrush, basin wildrye, and
threetip sagebrush. Since the late 1800s, western juniper expansion has primarily been into mountain big sagebrush
communities rather than into drier Wyoming big sagebrush communities [228,506].

The probability of woodlands replacing sagebrush communities increases on productive sites with fire-free intervals >50
years and nearby conifer seed sources [496]. Because of the availability of conifer seed sources, most expansion occurs
close to pinyon-juniper-sagebrush ecotones [10]. In southern and central Utah, the pinyon-juniper-sagebrush ecotone
occurred in a zone of 9 to 15 inches (240-370 mm) average annual precipitation, where communities with Wyoming big
sagebrush, mountain big sagebrush, and/or their hybrids overlap with Utah juniper, twoneedle pinyon, and singleleaf
pinyon communities [288].

In areas where conifer expansion into big sagebrush communities has occurred, the peak rate of expansion occurred in
the late 1800s and early 1900s (e.g., [490,505,857]). For example, in northeastern California the oldest western juniper
tree in a Wyoming big sagebrush site established in 1855, and 90% of western junipers established from 1890 to 1920
[857]. In seven study areas in Idaho, Oregon, Nevada, and Utah, the area occupied by singleleaf pinyon, western juniper,
or Utah juniper increased by 125% to 625% from 1860 to 2001. Woodland expansion was not synchronous; it began at a
similar time in Oregon, Utah, and Nevada, but 20 to 30 years earlier in Idaho [505].

Some authors attribute pinyon-juniper expansion since European-American settlement to the effects of a wet, mild
climate in the late 1800s coincident with less frequent fire (e.g., [124,125,504]), while other authors debate the role of
less frequent fire in explaining conifer expansion (e.g., [116,228]). Miller et al. [504] suggested that postsettlement
western juniper expansion during the late 1880s and early 1900s was driven by mild temperatures and above-average
precipitation that promoted conifer establishment and growth and decreased fire frequency, which allowed western
junipers to mature and dominate a site. Decreased fire frequency was attributed to the reduction in burning by American
Indians and the removal of fine fuels by heavy livestock grazing [504]. Burkhardt and Tisdale [124,125] examined
several possible causes of and contributing factors to succession of sagebrush-grasslands to western juniper woodlands,
and concluded that expansion was directly related to the combined effects of changes in climate and reduced fire
frequency and spread due to fire exclusion, reduced fine fuels due to livestock grazing, and fragmentation of sagebrush
communities due to development. Bukowski and Baker [116] stated that fire regimes in sagebrush communities are
primarily controlled by weather or climate, and concluded that estimated fire rotations in Wyoming big sagebrush and
mountain big sagebrush communities in four areas of Idaho, Nevada, Oregon, and Wyoming were generally too long for
fire to be the only factor preventing conifers from establishing. In a review, Eddleman et al. [228] stated that the effects
of fire suppression were insufficient to explain western juniper expansion until after World War II, when suppression
efforts became more effective. Other interacting factors, including recovery from past disturbances, carbon dioxide
fertilization, and overgrazing by livestock may have also contributed [228,623].

Pinyon-juniper density and cover have not changed or have declined in many areas of the West (e.g., [10,101,446,623]).
Romme et al. [623] cautioned that "one cannot necessarily assume that pinyon and juniper are increasing in density in
any particular portion of their range without local data". At Dinosaur National Monument and the surrounding area, a
comparison of historical vegetation reconstructed using General Land Office survey records from 1910 and
contemporary records (1981-2000) showed a net decline in pinyon-juniper woodlands and mixed montane shrublands
and an increase in sagebrush ecosystems (Wyoming big sagebrush-basin big sagebrush steppe and shrubland and
mountain big sagebrush steppe). However, some pinyon-juniper expansion was evident near historical pinyon-juniper-
sagebrush ecotones, particularly at 6,600 to 7,900 feet (2,000-2,400 m) and on 10% to 30% slopes [10].

Potential consequences of increasing tree dominance in sagebrush communities include:

1. increases in the size of tree crowns and continuity of tree crown fuels and decreases in surface fuel abundance,
density, and continuity that increase the potential for crown fires burning under severe fire weather;

2. changes in plant community composition and structure, including reduced cover of sagebrush, native grasses, and
forbs;

3. an increase in aboveground carbon and nutrient pools; and

4. a reduction in water infiltration and an increase in soil erosion [44,187,297,493,504,581,584,803].

These changes result in plant communities that are less resilient to fire and other disturbances and less resistant to
nonnative annual grass establishment and spread after fire [493].


https://www.fs.fed.us/database/feis/glossary2.html#FireRotation

Climate Change: Climate change models for the sagebrush biome predict increasing temperatures, increasing
atmospheric carbon dioxide, more frequent severe weather (droughts and storms), and variable changes in the timing,
frequency, and intensity of precipitation events [34,137,496,535,598]. Uncertainty in predictions for precipitation and in
the physiological response of sagebrush to the effects of climate changes make projecting the effect of climate change on
sagebrush distribution difficult [598].

A review of paleobotanical studies showed that big sagebrush communities have been resilient to historical climate
changes in many locations throughout the West [787]. This suggests that these communities may be resilient to future
climate changes, in the absence of changes not present historically (e.g., nonnative plant invasions). However, projected
impacts of climate change on sagebrush are varied. Many projections predict widespread shifts in sagebrush by the end
of the century, with some locations becoming less suitable for sagebrush and others becoming more suitable (e.g.,
[95,175,496,535,598,608,637,638,692]). Many studies indicate that the distribution of big sagebrush is likely to recede
in the south and from low elevations and move northward and higher in elevation in response to warmer winter
temperatures and summer drought associated with climate change (e.g., [95,243,395,535,608,637,692,712]). In addition,
sagebrush communities are expected to become increasingly fragmented and threatened by nonnative grasses (e.g.,
[175,269,445,555,608,629,637,868]). Predicted climate changes are likely to favor the establishment and spread of
cheatgrass [91,479,496,629] and thus contribute to the grass/fire cycle, which includes more frequent fire. A warming
climate also has the potential to increase the frequency of insect outbreaks and alter population dynamics of diseases and
pathogens, which could alter vegetation composition in sagebrush communities [255,629].

Alteration of precipitation patterns, especially in total precipitation and in precipitation timing, may cause major
distributional shifts in Wyoming big sagebrush communities in the future [34,243,521,712]. Big sagebrush is most
extensive in portions of the West where winter precipitation equals or exceeds summer precipitation (Dahl et al. 1976,
cited in [751]) because winter precipitation favors deep-rooted species such as big sagebrush over more shallow-rooted
grasses and forbs by enhancing water recharge in the lower part of the soil profile [34]. Big sagebrush is less extensive
where winter precipitation is less than summer precipitation [372,401] (see Climate). Thus, changes in the relative
amount of winter and summer precipitation may have a large impact on the long-term stability of Wyoming big
sagebrush communities. In the future, warmer and drier summers may result in increased area covered by Wyoming big
sagebrush communities, while warmer and wetter summers may result in decreased area covered by these communities
[243,642,712], but model results depend on the amount of precipitation decrease and the resultant ratio of summer
relative to winter precipitation [692]. For example, one study suggested that Wyoming big sagebrush and basin big
sagebrush are predicted to expand their range primarily to the north and in higher elevations (increasing their range
~13%-22% of their current range) by the end of the 21st century under modeled climates that included warmer winter
temperatures and slightly drier summers. Range increases are projected under all modeled future climate conditions—
despite range contraction occurring along the southern extent of their current range—largely because Wyoming big
sagebrush and basin big sagebrush can retreat into upper foothills and montane zones. The author stated that while
Wyoming big sagebrush ecosystems "may be potentially robust to future climate change", they demonstrate a greater
risk to cheatgrass invasion, which "could challenge long-term stability of sagebrush ecosystems" if it results in a
grass/fire cycle that prevents sagebrush populations from reestablishing [712].

Models of three potential future climate scenarios in southeastern Oregon, predicted either increases or decreases in area
occupied by Wyoming big sagebrush communities. The first model had warmer and drier conditions year-round with
slightly more precipitation falling in spring and summer. The second model had a warmer and wetter conditions in
winter and most precipitation falling in winter and spring. The third model had warmer and wetter conditions in summer
with most precipitation falling in spring and summer. The first two models predicted an increase in the area covered by
warm, dry Wyoming big sagebrush communities and an upward shift in elevation by these communities into mountain
big sagebrush communities. Under these scenarios, suitability of climate to cheatgrass would increase, making Wyoming
big sagebrush communities more vulnerable to displacement by cheatgrass if fires became frequent enough to prevent
Wyoming big sagebrush establishment. The third model predicted that warm, dry Wyoming big sagebrush communities
would contract and western junipers expand. Under this scenario, climate would disfavor cheatgrass, resulting in
contraction in the area covered by cheatgrass and reduced vulnerability of sagebrush communities to cheatgrass invasion
but increased vulnerability to juniper expansion [243]. A study that modeled climates with warmer and drier conditions
year-round and a higher ratio of summer relative to winter precipitation predicted a 39% reduction in the area covered by
Wyoming big sagebrush communities in 9 ecoregions of the western United States by 2050. Regions predicted to
decrease in areas covered by Wyoming big sagebrush communities included the southern periphery of the subspecies'
range, the western Great Plains, and low elevations of the Columbia Basin and Great Basin. Regions predicted to
maintain or increase in area covered by Wyoming big sagebrush communities included western Wyoming, eastern Idaho,
and high elevations in the Great Basin and the northern Great Plains [692].



Changes in shrub overstory composition, which are predicted by climate change models that include changes in
precipitation patterns, may take decades to materialize [445]. A field experiment near Burns, Oregon, investigated the
effects of altered timing of precipitation on a Wyoming big sagebrush-bunchgrass community in the northern Great
Basin over 7 years. It showed that untreated plots where seasonal precipitation was winter-dominated (i.e., 60% of the
total water came during October to April, 30% came from May to July, and the remaining 10% came from August to
September) had less bare ground and more herbaceous biomass, cover, and density than treated plots where seasonal
precipitation was spring/summer-dominated (i.e., 22% of the total water was applied from October to April, and 78%
applied from May to July). However, cover and density of Wyoming big sagebrush was not affected by the short-term
treatment. Because the changes in herbaceous plant productivity did not begin until the fourth posttreatment year and
Wyoming big sagebrush productivity was not affected, the authors concluded that these communities were resilient to
short-term shifts in precipitation timing [34].

Wyoming big sagebrush seedling survival and growth may be reduced by predicted climate warming. An experimental
warming study at the Morley Nelson Snake River Birds of Prey National Conservation Area found lower Wyoming big
sagebrush seedling survival and shorter seedlings on warmed plots than on untreated plots, indicating that warmer
winters in the future could result in lower Wyoming big sagebrush survival and slower growth rates [92].

Several authors stated that polyploidy and inter- and intraspecific hybridization in big sagebrush is likely to help big
sagebrush taxa adapt to climate changes [92,458,465]. Incorporation of hybridization into bioclimatic models where
subspecies occur along ecotones could affect modeling results [692]. However, hybridization had not been included in
such models as of 2019.
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Table A1: Plant species mentioned in this review

For further information on fire ecology of these taxa, follow the highlighted links to FEIS Species Reviews. Nonnative
species are indicated with an asterisk (*).

|C0mm0n name HScientiﬁc name |
|Cacti |
|plains pricklypear Hquntia polyacantha |
|F0rbs |
|arrowleaf balsamroot “Balsamorhiza sagittata |
|bu11 thistle* “Cirsium vulgare |
|Canada thistle* HCirsium arvense |
|common crupina* HCrupina vulgaris |
|Dalmatian toadflax* HLinaria dalmatica |
| [ |



https://www.fs.fed.us/database/feis/plants/shrub/arttriw/TableA3.pdf
https://www.fs.fed.us/database/feis/plants/shrub/arttriw/FigureA1.pdf
https://www.fs.fed.us/database/feis/plants/cactus/opupol/all.html
https://www.fs.fed.us/database/feis/plants/forb/balsag/all.html
https://www.fs.fed.us/database/feis/plants/forb/cirvul/all.html
https://www.fs.fed.us/database/feis/plants/forb/cirarv/all.html
https://www.fs.fed.us/database/feis/plants/forb/linspp/all.html

|diffuse knapweed* |Centaurea diffisa

|Columbia needlegrass

“Achnatherum nelsonii

|crested wheatgrass*

“Agr_opyron cristatum

|desert needlegrass

HAchnatherum speciosum

|desert wheatgrass*

HA gropyron desertorum

|Idah0 fescue

HF estuca idahoensis

|
|Dyer's woad* “Isatis tinctoria |
|ﬂeabane “Erigeron spp. |
| globemallow “Sphaeralcea spp. |
|ha10geton* “Mgeton glomeratus |
|hawksbeard HCrepis spp. |
|heart-p0dded hoary cress* HCardaria draba |
|leafy spurge* H@phorbia esula |
|lupine HLupinus spp. |
|meadow hawkweed* HHieracium caespitosum |
|Mediterranean sage* HSalvia aethiopis |
|mi1kvetch HAstragalus spp- |
|musk thistle™® “Carduus nutans |
|orange hawkweed* “Hieracium aurantiacum |
|0xeye daisy* “Leucanthemum vulgare |
|perennia1 pepperweed* “L_epidium latifolium |
|phlox HPhlox sSpp. |
|p0ison hemlock* “Conium maculatum |
|purp1e loosestrife* H_Lythrum salicaria |
|pussytoes HAntennaria spp. |
|rush skeletonweed* HChondrilla juncea |
|Russian knapweed* HALroptilon repens |
IRussian-thistle* |Salsola kali |
|Scotch cottonthistle* “Onopom’um acanthium |
|slender phlox “Microsteris gracilis |
|sowthistle “Sonchus spp- |
|spotted knapweed* “Centaurea stoebe subsp. micranthos |
|squarrose knapweed* “Centaurea virgata |
|su1fur cinquefoil* “Potentilla recta |
|tansy ragwort* HSenecio Jjacobaea |
|ta11 tumblemustard* HS_isymbrium altissimum |
|ye110w starthistle* HCentaurea solstitialis |
|yellow toadflax* HLinaria vulgaris |
|Gramin0ids |
|basin wildrye HL_eymus cinereus |
|b1uebunch wheatgrass “Pseudoroegneria spicata |
|b1ue grama “Bouteloua gracilis |
|cheatgrass* “Bromus tectorum |

|

|

|

|

|

|



https://www.fs.fed.us/database/feis/plants/forb/cendif/all.html
https://www.fs.fed.us/database/feis/plants/forb/isatin/all.html
https://www.fs.fed.us/database/feis/plants/forb/halglo/all.html
https://www.fs.fed.us/database/feis/plants/forb/carspp3/all.html
https://www.fs.fed.us/database/feis/plants/forb/eupesu/all.html
https://www.fs.fed.us/database/feis/plants/forb/hiecae/all.html
https://www.fs.fed.us/database/feis/plants/forb/carnut/all.html
https://www.fs.fed.us/database/feis/plants/forb/hieaur/all.html
https://www.fs.fed.us/database/feis/plants/forb/leplat/all.html
https://www.fs.fed.us/database/feis/plants/forb/lytsal/all.html
https://www.fs.fed.us/database/feis/plants/forb/chojun/all.html
https://www.fs.fed.us/database/feis/plants/forb/acrrep/all.html
https://www.fs.fed.us/database/feis/plants/forb/salkal/all.html
https://www.fs.fed.us/database/feis/plants/forb/censtom/all.html
https://www.fs.fed.us/database/feis/plants/forb/potrec/all.html
https://www.fs.fed.us/database/feis/plants/forb/sisalt/all.html
https://www.fs.fed.us/database/feis/plants/forb/censol/all.html
https://www.fs.fed.us/database/feis/plants/forb/linspp/all.html
https://www.fs.fed.us/database/feis/plants/graminoid/leycin/all.html
https://www.fs.fed.us/database/feis/plants/graminoid/psespi/all.html
https://www.fs.fed.us/database/feis/plants/graminoid/bougra/all.html
https://www.fs.fed.us/database/feis/plants/graminoid/brotec/all.html
https://www.fs.fed.us/database/feis/plants/graminoid/achnel/all.html
https://www.fs.fed.us/database/feis/plants/graminoid/agrcri/all.html
https://www.fs.fed.us/database/feis/plants/graminoid/achspe/all.html
https://www.fs.fed.us/database/feis/plants/graminoid/agrdes/all.html
https://www.fs.fed.us/database/feis/plants/graminoid/fesida/all.html

|Indian ricegrass

“Achnatherum hymenoides

|J ames' galleta

“Pleumphis Jamesii

|medusahead* “Taeniathemm caput-medusae
|need1e and thread “&vpemstipa comata
|Sandberg bluegrass ||P0a secunda

|squirreltail HEZymus elymoides

|thickspike wheatgrass Hljlymus lanceolatus

|Thurber needlegrass HAchnatherum thurberianum
|Ventenata* H Ventenata dubia

|Westem wheatgrass

HPascopyrum smithii

[Shrubs
|antelope bitterbrush HPurshia tridentata
big sagebrush Artemisia tridentata
Bonneville big sagebrush Artemisia tridentata subsp. x bonnevillensis
Mojave big sagebrush Artemisia tridentata subsp. parishii
snowfield big sagebrush Artemisia tridentata subsp. spiciformis
basin big sagebrush Artemisia tridentata subsp. tridentata
mountain big sagebrush Artemisia tridentata subsp. vaseyana
Wyoming big sagebrush Artemisia tridentata subsp. wyomingensis, this review

xeric big sagebrush

Artemisia tridentata subsp. xericensis

|b1ack greasewood

“Sarcobatus vermiculatus

|black sagebrush

“Artemisia nova

|broom snakeweed

“Gutierrezia sarothrae

|forage kochia*

“Bassia prostrata

|f0urwing saltbush

HALriplex canescens

|fringed sagebrush HArtemisia frigida
|Gardner's saltbush HMplﬁ gardneri
| green rabbitbrush HEricameria teretifolia

low sagebrush
alkali sagebrush
gray low sagebrush
Lahontan sagebrush

Artemisia arbuscula
Artemisia arbuscula subsp. longiloba

Artemisia arbuscula subsp. arbuscula
Artemisia arbuscula subsp. longicaulis

|rubber rabbitbrush HEricameria nauseosa |
|sagebrush HArtemisia spp. |
|serviceberry HAmelanchier spp. |

|

|shadscale saltbush

HM’plex confertifolia

silver sagebrush
plains silver sagebrush

Artemisia cana
Artemisia cana subsp. cana

|sn0wberry HSymphoricarpos Spp. |
|spiny hopsage H Grayia spinosa |
|stiff sagebrush HArtemisia rigida |

threetip sagebrush

Artemisia tripartita

tall threetip sagebrush Artemisia tripartita subsp. tripartita
|Winterfat HKrascheninnikovia lanata
|yellow rabbitbrush H Chrysothamnus viscidiflorus

|Trees



https://www.fs.fed.us/database/feis/plants/graminoid/achhym/all.html
https://www.fs.fed.us/database/feis/plants/graminoid/plejam/all.html
https://www.fs.fed.us/database/feis/plants/graminoid/taecap/all.html
https://www.fs.fed.us/database/feis/plants/graminoid/hescom/all.html
https://www.fs.fed.us/database/feis/plants/graminoid/poasec/all.html
https://www.fs.fed.us/database/feis/plants/graminoid/elyely/all.html
https://www.fs.fed.us/database/feis/plants/graminoid/elylan/all.html
https://www.fs.fed.us/database/feis/plants/graminoid/achthu/all.html
https://www.fs.fed.us/database/feis/plants/graminoid/vendub/all.html
https://www.fs.fed.us/database/feis/plants/graminoid/passmi/all.html
https://www.fs.fed.us/database/feis/plants/shrub/purtri/all.html
https://www.fs.fed.us/database/feis/plants/shrub/arttrit/all.html
https://www.fs.fed.us/database/feis/plants/shrub/arttriv/all.html
https://www.fs.fed.us/database/feis/plants/shrub/sarver/all.html
https://www.fs.fed.us/database/feis/plants/shrub/artnov/all.html
https://www.fs.fed.us/database/feis/plants/shrub/gutsar/all.html
https://www.fs.fed.us/database/feis/plants/shrub/atrcan/all.html
https://www.fs.fed.us/database/feis/plants/shrub/artfri/all.html
https://www.fs.fed.us/database/feis/plants/shrub/atrgar/all.html
https://www.fs.fed.us/database/feis/plants/shrub/artarb/all.html
https://www.fs.fed.us/database/feis/plants/shrub/erinau/all.html
https://www.fs.fed.us/database/feis/plants/shrub/atrcon/all.html
https://www.fs.fed.us/database/feis/plants/shrub/artcan/all.html
https://www.fs.fed.us/database/feis/plants/shrub/graspi/all.html
https://www.fs.fed.us/database/feis/plants/shrub/artrig/all.html
https://www.fs.fed.us/database/feis/plants/shrub/arttrp/all.html
https://www.fs.fed.us/database/feis/plants/shrub/kralan/all.html
https://www.fs.fed.us/database/feis/plants/shrub/chrvis/all.html

|California juniper

“Junil)erus californica

|curlleaf mountain-mahogany

“Cercocarpus ledifolius

[juniper

“Juniperus spp.

|mountain—maho gany

“Cercocarpus spp.

Columbian ponderosa pine
Rocky Mountain ponderosa pine

|0neseed Jjuniper HJuniperus monosperma
|pinyon HPz’nus spp.
ponderosa pine Pinus ponderosa

Pinus ponderosa var. ponderosa
Pinus ponderosa var. scopulorum

|quaking aspen

HP_opulus tremuloides

|R0cky Mountain juniper

HJuniperus scopulorum

|singleleaf pinyon

HPinus monophylla

|twoneedle pinyon

HPinus edulis

|Utah juniper

“Junil)erus osteosperma

|western Jjuniper

“Junil)erus occidentalis

Table A2: Links to available FEIS Species Reviews on animals mentioned in

this review

For further information on fire ecology of these species, follow the highlighted links to FEIS Species Reviews.

|Amphibians

|Great Basin spadefoot

HSDea intermontana

Birds

|ferruginous hawk

“Buteo regalis

|golden eagle

“4quila chrysaetos

|greater sage-grouse

“Centrocercus urophasianus

| great horned owl

HBubo virginianus

|Gunnison sage-grouse

HCentrocercus minimus

|piny0n jay HQymnorhinus cyanocephalus
|red—tailed hawk HButeo Jamaicensis
|Mammals

|American badger

HTaxidea taxus

|bigh0rn sheep

HOvis canadensis

[black-tailed jackrabbit

ngpus californicus

|b1ack-tailed prairie dog

Hgynomys ludovicianus

|bobcat “LyMufM
|coyote “Canis latrans
|elk “Cervus elaphus

|Great Basin pocket mouse

HPerognathus mollipilosus

|North American deermouse

HPeromyscus maniculatus

|pr0nghorn HAntilocaDm americana
|pygmy rabbit HBrachyngus idahoensis
|red fox H&Zpes vulpes

|
|
|
|
%
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|



https://www.fs.fed.us/database/feis/plants/tree/juncal/all.html
https://www.fs.fed.us/database/feis/plants/tree/cerled/all.html
https://www.fs.fed.us/database/feis/plants/tree/junmon/all.html
https://www.fs.fed.us/database/feis/plants/tree/pinponp/all.html
https://www.fs.fed.us/database/feis/plants/tree/pinpons/all.html
https://www.fs.fed.us/database/feis/plants/tree/poptre/all.html
https://www.fs.fed.us/database/feis/plants/tree/junsco/all.html
https://www.fs.fed.us/database/feis/plants/tree/pinmon/all.html
https://www.fs.fed.us/database/feis/plants/tree/pinedu/all.html
https://www.fs.fed.us/database/feis/plants/tree/junost/all.html
https://www.fs.fed.us/database/feis/plants/tree/junocc/all.html
https://www.fs.fed.us/database/feis/animals/amphibian/spin/all.html
https://www.fs.fed.us/database/feis/animals/bird/bure/all.html
https://www.fs.fed.us/database/feis/animals/bird/aqch/all.html
https://www.fs.fed.us/database/feis/animals/bird/cent/all.html
https://www.fs.fed.us/database/feis/animals/bird/buvi/all.html
https://www.fs.fed.us/database/feis/animals/bird/cent/all.html
https://www.fs.fed.us/database/feis/animals/bird/gycy/all.html
https://www.fs.fed.us/database/feis/animals/bird/buja/all.html
https://www.fs.fed.us/database/feis/animals/mammal/tata/all.html
https://www.fs.fed.us/database/feis/animals/mammal/ovca/all.html
https://www.fs.fed.us/database/feis/animals/mammal/leca/all.html
https://www.fs.fed.us/database/feis/animals/mammal/cylu/all.html
https://www.fs.fed.us/database/feis/animals/mammal/lyru/all.html
https://www.fs.fed.us/database/feis/animals/mammal/cala/all.html
https://www.fs.fed.us/database/feis/animals/mammal/ceel/all.html
https://www.fs.fed.us/database/feis/animals/mammal/pemo/all.html
https://www.fs.fed.us/database/feis/animals/mammal/pema/all.html
https://www.fs.fed.us/database/feis/animals/mammal/anam/all.html
https://www.fs.fed.us/database/feis/animals/mammal/brid/all.html
https://www.fs.fed.us/database/feis/animals/mammal/vuvu/all.html

“Townsend's ground squirrel HUrocitellus townsendii H
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