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Ecological Health of Grasslands

and Sagebrush Steppe on the

Northern Yellowstone Range
By Harold E. Hunter, Peter O. Husby, Joseph Fidel, and Jeffrey C. Mosley

On the Ground

• Native plant abundances within the grasslands and
sagebrush steppe of the Northern Range decreased
substantially during the 20th century and the
degradation has continued during the 21st century.

• Forage production has declined precipitously, and
ecological processes (i.e., water cycle, energy flow,
and nutrient cycle) are impaired and degrading
further.

• Thedeclining health ofNorthernRangegrasslandsand
sagebrush steppe is primarily caused by heavy grazing
and browsing by bison and elk, not climatic changes.

• Excessive grazing and browsing is caused by modern-
day management decisions that allowed bison and elk
populations to become much larger than primeval
times.

• National Park Service policy requires human interven-
tion (i.e., active management) when human actions
have impaired natural ecological processes or altered
natural abundances of native plants and animals.
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Introduction
Grasslands and sagebrush steppe comprise about 270,000

acres, or 71%, of the Northern Range (a.k.a., Northern
Yellowstone Range).1 About one-half of Northern Range
grasslands and sagebrush steppe are located inside Yellow-
stone National Park (YNP), and the other half are located

outside YNP on private and public lands in Montana.
Grasslands and sagebrush steppe on the Northern Range
provide almost all of the foraging habitat for Northern Range
ungulates (i.e., four-hooved mammals), one of the largest and
richest assemblages of wild ungulates in the western
hemisphere.2p271

Grazing and browsing by wild ungulates fundamentally
affects the ecological health of their foraging habitat. When
grazing or browsing is excessive, ecosystem degradation
occurs, including accelerated soil erosion, invasions of non-
native plant species, and reductions in the density and
productivity of native plants.3–6 In this paper, we review
historical assessments of the ecological health of Northern
Range grasslands and sagebrush steppe, and we present new
data from field assessments that we conducted during 2013 to
2016. We examine whether the ecological integrity of
Northern Range grasslands and sagebrush steppe has declined
and, if so, whether the degradation is continuing under
current management. We also address whether changes to the
ecosystem have resulted from natural causes (e.g., climatic
changes) or modern-day management decisions that have
altered natural intensities of ungulate grazing and browsing.
We conclude by discussing the implications of our findings
upon future management of Northern Range grasslands and
sagebrush steppe.

Grasslands and Sagebrush Steppe of the
Northern Range

NorthernRange grasslands and sagebrush steppe include both
xeric and mesic plant communities. The natural, primeval plant
communities of the xeric areas were dominated by bluebunch
wheatgrass (Pseudoroegneria spicata), Sandberg bluegrass (Poa
sandbergii), andWyoming big sagebrush (Artemisia tridentata ssp.
wyomingensis). Dominant species of the natural, primeval mesic
plant communities include Idaho fescue (Festuca idahoensis),
Columbia needlegrass (Stipa nelsonii), and mountain big
sagebrush (Artemisia tridentata ssp. vaseyana).7,8
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Northern Range Health 1911–2002
People have voiced concerns about the health of Northern

Range grasslands and sagebrush steppe for more than 100
years. The first assessment began in 1911 and yielded the
Graves–Nelson Report of 1919, named for its authors Henry
Graves, Chief of the US Forest Service (USFS), and Edward
Nelson, Chief of the US Biological Survey.9 At that time,
their primary concern was that there were too few Rocky
Mountain elk (Cervus elaphus nelsonii; hereafter elk), and they
wanted to ensure that wild elk would not go “the way of the
buffalo” (Bison bison) and be extirpated from the United
States.9p3 Graves and Nelson recognized that elk conserva-
tion was dependent on sustaining healthy habitat, and one of
their recommendations was that the National Park Service
(NPS) conduct a detailed study of vegetation conditions on
the Northern Range. YNP Superintendent Horace Albright
subsequently commissioned William Rush, a biologist with
the Montana Fish and Game Department (currently
Montana Fish, Wildlife & Parks), and Rush spent 4 years
evaluating the Northern Range from 1928 to 1932.10 Elk
numbers had increased significantly from when the Graves–
Nelson assessment began in 1911 to when William Rush
began his habitat evaluation in 1928. Rush documented
accelerated soil erosion and badly depleted vegetation owing
to heavy grazing and browsing by large numbers of elk and
pronghorns (Antilocapra americana).9p3

One year after William Rush began his study of the
Northern Range, YNP Superintendent Albright was promot-
ed to Director of the NPS. One of Director Albright’s first
actions was to approve a proposal by NPS biologist George
Melendez Wright to conduct a nationwide survey of wildlife
management issues in the national parks. Upon surveying
YNP, Wright and his team reported that the Northern Range
was in “deplorable condition” caused by heavy elk grazing of
grasses and heavy elk browsing of sagebrush.11 ,12

The observations reported by Rush and by Wright and his
colleagues prompted the NPS to begin limiting Northern
Range elk numbers. The strategy combined regulated hunting
outside YNP, live-trapping and removing elk from inside
YNP, and shooting elk inside YNP by NPS personnel. This
policy was implemented from 1934 to 1968, and its need was
buttressed by several reports documenting that the health of
the Northern Range continued to decline from the 1930s
through the 1960s. For example, YNP biologist Rudolf
Grimm collected quantitative measurements from 1934 to
1938 to build upon the observational assessments completed
earlier by William Rush and by George Wright’s team.
Grimm quantified several impacts resulting from heavy
grazing and browsing by elk, including heavy browsing of
sagebrush.13 In areas heavily grazed by elk, Grimm measured
the increase of less productive and less palatable plants such as
fringed sagewort (Artemisia frigida) and rabbitbrush (Chry-
sothamnus spp.). In 1940, renowned NPS research biologist
Adolf Murie reported that the loss of sagebrush owing to elk
browsing had caused the extirpation of the greater sage-grouse
(Centrocercus urophasianus) from the Northern Range inside
YNP.14 YNP biologist Walter Kittams in the 1940s and

1950s reported heavy grazing and browsing by Northern Range
elk, and to a lesser extent by bison, that caused sheet erosion and
gullies to form.11p429–431 He also observed that pronghorns
were continuing to overbrowse sagebrush in Gardiner Basin.
Kittams established vegetation monitoring plots in 1949 and
vegetation monitoring transects in 1957 and 1962 inside and
outside 10 5-acre high-fenced exclosures where vegetation was
protected from ungulate grazing and browsing.

Weather was severe during the 1961 to 1962 winter, and
more than 1,000 elk died from malnutrition and starvation.
Another 4,000 elk were shot by NPS personnel to bring elk
numbers in better balance with available forage. YNP
Superintendent Lemuel (Lon) Garrison was deeply concerned
about these events and, like Superintendent Albright had
done before him in the late 1920s, Superintendent Garrison
requested help from outside the NPS to objectively assess the
health of the Northern Range inside YNP. A five-person team
of experienced rangeland ecologists from the US Department
of Agriculture-Soil Conservation Service (USDA-SCS,
currently the Natural Resources Conservation Service,
USDA-NRCS) conducted the assessment in June 1963.
Team leader Bob Ross was joined by Burt Thatcher, James
Bell, Sterle Dale, and Joe Zacek. Harold Cooper, Assistant
State Conservationist for USDA-SCS in Montana coordi-
nated the survey, and Gene Payne, professor of range science
at Montana State College (currently Montana State
University–Bozeman), served as technical advisor. The
USDA-SCS team reported that 55% of the grassland and
sagebrush steppe of the Northern Range inside YNP was
relatively similar to its natural, primeval plant communities
(i.e., similarity index N50%), but 45% of the grassland and
sagebrush steppe was degraded, exhibiting accelerated soil
erosion and impaired native plant productivity.15 The team
also reported heavy browsing of big sagebrush in Gardiner
Basin and on slopes near Hellroaring Creek, and the team
reported infestations of non-native, noxious weeds in
Gardiner Basin and near Mammoth, including Dalmation
toadflax (Linaria genistifolia ssp. dalmatica), whitetop (Car-
daria draba), field bindweed (Convolvulus arvensis), and
Canada thistle (Cirsium arvense).15

In 1967, YNP biologist William Barmore remeasured
some of Walter Kittams’ monitoring locations inside YNP in
the lower elevation range near Mammoth and in Gardiner
Basin. These locations were unprotected from grazing and
browsing. Barmore documented that grass basal cover
decreased 37% from 1949 to 1967, and the amount of plant
litter (i.e., dead plant material lying on the ground surface that
protects the soil from erosion) decreased 47% from 1958 to
1967.16p262–264&280–281

The reports authored by William Rush, George Wright,
Rudolf Grimm, Adolf Murie, Walter Kittams, Harold
Cooper, William Barmore, and others spanned four decades
and universally concluded that the ecological health of the
Northern Range was deteriorating because of heavy grazing
and browsing by elk and to a lesser extent because of heavy
grazing and browsing by bison and pronghorns. Nonetheless,
NPS efforts to lethally control the elk population inside YNP
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were increasingly unpopular among the general public in the
1960s. Opposition culminated in a Congressional field
hearing convened by US Senator Gale McGee of Wyoming
in Casper, Wyoming on 11 March 1967. Senator McGee
began the hearing with this declaration, “As a result of a
conference that I just had with the Secretary of the Interior,
Mr. Udall, and Director of the Park Service, Mr. Hartzog, as
of today the direct kill of elk in the park is stopped.”17p1 Ever
since, the Northern Range elk population has not been
controlled by capture or shooting inside YNP, relying instead
on regulated hunting outside YNP and predation, malnutri-
tion, and starvation inside YNP to limit the elk population.

Elk numbers increased rapidly after the NPS discontinued
its 35-year program of elk removals from inside YNP,18 and
concerns from the public about heavy elk grazing and
browsing resurfaced soon thereafter. In 1986, the US
Congress mandated the NPS to initiate research studies to
determine whether elk grazing or browsing was harming the
Northern Range. Results from these studies were summarized
in the 1997 publication, “Yellowstone’s Northern Range”,
where the NPS concluded that elk grazing and browsing did
not cause Northern Range vegetation to degrade from 1968 to
1990.19 However, one of these research studies documented
some signs of rangeland degradation outside the lower
elevation exclosures erected by Kittams. Colorado State
University researcher Michael Coughenour and his coauthors,
YNP research biologists Francis Singer and James Reardon,
measured a 24% decrease in total grass abundance from 1958

to 1989, and bluebunch wheatgrass, the dominant primeval
grass species, declined 67% in abundance. Similar declines did
not occur inside the exclosures; in fact, total grass abundance
increased 26% inside the exclosures from 1958 to 1989.20 Five
years later in 1994, Carl Wambolt and Harrie Sherwood from
Montana State University–Bozeman recorded 1% canopy
cover of Wyoming big sagebrush outside the same lower
elevation exclosures in Gardiner Basin, and Wambolt and
Sherwood recorded 8% canopy cover of mountain big
sagebrush outside the two upper elevation exclosures erected
by Walter Kittams in the Lamar Valley.21 In comparison, the
natural, primeval plant communities at these locations have
much more sagebrush, averaging 15% canopy cover of
Wyoming big sagebrush at the lower elevations and 23%
canopy cover of mountain big sagebrush at the upper
elevations.8 These comparisons indicate that heavy elk
browsing decreased sagebrush canopy cover appreciably at
both lower and upper elevations of the Northern Range inside
YNP. Another report from the late 1990s, authored by NPS
biologist Mary Meagher, recognized heightened habitat
degradation by bison in the form of increased numbers of
wallows, trails, and rubbed trees.22

Public concerns about the health of the Northern Range
continued in the 1990s. In 1998, the US Congress requested
the National Research Council (NRC) to review “all available
science related to management of ungulates and the ecological
effects of ungulates on the range land of Yellowstone National
Park.”23p19 The NRC committee concluded that degraded

Table 1. Similarity index and rangeland health assessment of grasslands and sagebrush steppe on the

Northern Range inside Yellowstone National Park, 2013–2016

Similarity index (%) Rangeland health assessment
*

Elevation† No. of

locations

Mean Range No. of

locations

Soil/Site

stability

Hydrologic

function

Biotic

integrity

Lower 12 9 0–23 9 S-M M M-E

Upper 23 16 7–27 15 S-M S-M M

Note: Similarity index at all 35 locations was N50% in 1963.
* Departure from natural capability: None to Slight (N-S); Slight to Moderate (S-M); Moderate (M); Moderate to Extreme (M-E); Extreme to

Total (E-T). Ecosystem functioning is compromised where departure from natural capability is M, M-E, or E-T.
† Elevation: Lower (b6,000 ft); Upper (≥6,000 ft).

Table 2. Comparison of primeval vs. contemporary (2013–2015) forage abundance in grasslands and sagebrush

steppe on the Northern Range inside Yellowstone National Park

Elevation
*

No. of

locations

Mean

similarity

index

(2013–2015)

Annual forage production (pounds/acre) Decrease from

primeval to

contemporary

(%)

Primeval Contemporary

Mean Range Mean Range

Lower 4 12% 1,050 1,000–2,000 264 55–450 75

Upper 7 17% 2,043 1,000–3,500 614 75–2,000 70

Note: Similarity index at all 11 locations was N50% in 1963.
* Elevation: Lower (b6,000 ft); Upper (≥6,000 ft).
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rangelands did exist inside YNP because of heavy grazing and
browsing by wild ungulates,23p122&129&133 but the degrada-
tion was not considered severe enough to prevent natural
ecological processes from functioning acceptably.23p131 NRC
committee members were optimistic that the increasing wolf
population (reintroduced in 1995–1996) would eventually
reduce ungulate populations sufficiently inside YNP to allow
the degraded rangelands to recover.23p8&126–127 The NRC
report also recommended that rangeland conditions on the
Northern Range inside YNP be reassessed every 10 to 15
years, and the report recommended that ecosystem attributes
be monitored that might indicate unacceptable change in the
functioning of natural ecosystem processes.23p127–128&136

Northern Range Health 2013–2016
We evaluated Northern Range health during 2013 to 2016,

11 to 14 years after the NRC report was published in 2002.
Our evaluation sampled the lower and upper elevations of the
Northern Range. We conducted two separate assessments to
examine our hypothesis that the ecological health of grasslands
and sagebrush steppe on the Northern Range had continued
to degrade during the latter 20th century and early 21st
century.

In each of our assessments we used two standard metrics:
similarity index and rangeland health. We also compared
current and primeval forage production. Similarity index and
rangeland health are metrics endorsed by the NPS, US

Figure 1. Lamar River view west to Junction Butte: Plate 75.31 A, Plant community in swale at right of photograph was dominated by sedges (Carex spp.),
willows (Salix spp.), and shrubby cinquefoil (Dasiphora fruticosa) in 1972, whereas the grassland at left was dominated by Idaho fescue. B, By 2015, less
productive Sandberg bluegrass had replaced Idaho fescue, and mountain big sagebrush had increased. Similarity index was 16% in 2015. Also by 2015,
willows had been eliminated from the swales, and Douglas-fir trees had increased on Junction Butte in the background.
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Department of Interior-US Geological Survey, US Department
of Interior-Bureau of Land Management, USDA-Agricultural
Research Service, USFS, and USDA-NRCS.24–26

Similarity index compared the species composition of the
existing plant community with the composition of the natural,
primeval plant community (also known as the historic climax
plant community, or the plant community that existed when
Euro-Americans arrived).27 We obtained quantitative de-
scriptions of the Northern Range primeval plant communities
(i.e., ecological site descriptions) from the USDA-NRCS. At
each of the locations where we sampled, we recorded the
weight of each plant species’ current year’s aboveground
growth. Next, using standard procedures, we normalized the
weight data to account for local conditions at the time of
sampling such as plant growth stage, current year’s grazing

use, if any, and current year’s growing conditions (e.g.,
precipitation, wind, soil, and air temperatures). Finally, we
compared the normalized weight data from the existing plant
community with the weight data in the ecological site
description. Similarity index was expressed as the percentage
of the primeval plant community that was present.

Rangeland health assessed how well ecological processes
were functioning. We assessed the following three primary
ecological processes: 1) the water cycle (the capture, storage,
and release of precipitation), 2) energy flow (the conversion of
sunlight to plant and then animal matter), and 3) the nutrient
cycle (the cycle of nutrients through the physical and biotic
components of the environment).25 Ecological processes are
compromised and not functioning well wherever any one of
the three rangeland health attributes exhibits moderate or

Figure 2. Lamar River near confluence with Crystal Creek, view west to Prospect Peak: Plate 80.31 A, Plant community was dominated by mountain big
sagebrush and Idaho fescue in 1973 with clumps of basin wildrye (Leymus cinereus) grass at left.B, By 2015, mountain big sagebrush had decreased, less
productive prairie junegrass and Sandberg bluegrass had replaced Idaho fescue, and the clumps of basin wildrye grass had been eliminated. Similarity index
was 11% in 2015. Riparian shrubs along the riverbank had been eliminated by 2015. Note bison grazing in the background.
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greater departure from its natural capability.26 ,28 Moderate or
greater degradation of rangeland health is typically character-
ized by accelerated soil erosion, increased water evaporation
and runoff, reduced photosynthesis, and plant communities
dominated by less productive and less palatable plants.
Rangeland health assessment uses a checklist of qualitative
indicators to index complex ecological processes that are
difficult to observe or measure in the field.25

Similarity index and rangeland health evaluated the
Northern Range from different perspectives, and the two
metrics were not necessarily correlated.29 However, similarity
index provided indirect evidence about the three primary

ecological processes because ecosystem processes are funda-
mentally affected by the composition and abundance of the
plant species that drive them.30

Assessment 1
In Assessment 1 we examined 35 locations distributed

throughout the Northern Range inside YNP where Douglas
Houston, former YNP research biologist, used repeat
photography to assess vegetation status in the 1970s.31

Houston photographed 57 locations on the Northern Range
inside YNP. We limited our assessment to the 35 locations
sampled by Houston where the plant communities were either

Figure 3. Lamar River Valley looking south to Specimen Ridge: Plate 82.31 A, Plant community was dominated by mountain big sagebrush and Idaho
fescue in 1970. B, By 2013, mountain big sagebrush and Idaho fescue were nearly gone in the foreground and the plant community was dominated by less
productive, non-native Kentucky bluegrass (Poa pratensis). Similarity index was 10% in 2013. The dark line from left to right through the middle of the
photo is the Lamar River. Note how much more sharply defined (devoid of vegetation) the riverbank is in 2013 compared with 1970.
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grassland or sagebrush steppe and where the USDA-SCS
team in 1963 had determined that the existing plant
community was relatively similar to the natural, primeval
plant community (i.e., similarity index N50%). Since the
1970s, elk and bison have been the principal herbivores on all
of the areas we sampled, with elk dominant during the 1980s
and 1990s and elk and bison codominant during the past 10 to
18 years.

In summer 2013 to 2016 we calculated the similarity index
of the existing plant community at all 35 locations. To
determine similarity index, we followed standard procedures
to estimate the species composition of the existing plant
community and quantitatively compare it with the composi-

tion of the natural, primeval plant community.27 In addition,
we assessed rangeland health at 24 of the 35 locations, and we
compared primeval and contemporary forage production at 11
of the 35 locations. We obtained primeval forage production
estimates from the ecological site descriptions that were
provided by USDA-NRCS, and we quantified contemporary
forage production using ocular estimates. To calibrate our
ocular estimates, we handclipped and weighed forage at seven
locations immediately before ocular inventories began.27

Results from Assessment 1 are provided in Table 1.
Although similarity index at all of the locations had been
N50% in 1963, the similarity index did not exceed 27% at any
of the 35 locations in 2013 to 2016. Similarity index averaged

Figure 4. Gardiner Cemetery view west to Electric Peak: Plate 91.31 Primeval plant community was dominated by Wyoming big sagebrush and bluebunch
wheatgrass. A, By 1971, spiny hopsage (Grayia spinosa) and fourwing saltbush (Atriplex canescens) were replacing Wyoming big sagebrush, and the less
productive Sandberg bluegrass and prairie junegrass were displacing bluebunch wheatgrass. B, By 2013, Wyoming big sagebrush and bluebunch
wheatgrass were nearly eliminated, and Sandberg bluegrass and prairie junegrass had been replaced by desert madwort (Alyssum desertorum), a non-
native, invasive annual forb. Similarity index was 8% in 2013.
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9% at lower elevation locations (b6,000 ft) and 16% at upper
elevations (≥6,000 ft). Overall, similarity index averaged only
14% across the 35 locations. These data document that
vegetation across much of the Northern Range deteriorated
dramatically from 1963 to present day, and current Northern
Range vegetation differs profoundly from the natural,
primeval vegetation.

Rangeland health ratings (Table 1) indicated that three
of the six elevation × attribute combinations had moderate
or greater departure from natural capability, and at least
one attribute in each elevation class (lower or upper
elevation) exhibited moderate or greater departure from
natural capability. These rangeland health ratings document
that ecological processes are impaired across much of the
Northern Range inside YNP, especially in the lower elevation

areas that provide the most critical habitat for wintering
ungulates.

Our comparisons of annual forage production also indicated
that Northern Range vegetation had deteriorated at our sample
locations (Table 2). Contemporary forage production averaged
70% to 75% less than primeval forage production.

Comparative photographs in Figures 1 through 6 illustrate
rangeland degradation that has occurred since the 1970s on
the Northern Range inside YNP. From the 35 locations we
sampled, we have included three representative locations in
the upper elevation Lamar River Valley (Figs. 1, 2, and 3) and
three representative locations in the lower elevation
Mammoth-Gardiner area (Figs. 4, 5, and 6). All six locations
were photographed by NPS biologist Douglas Houston in
1970–1973 (Plates 75, 80, 82, 91, 93, and 95)31 and

Figure 5. View north along the old Mammoth-Gardiner Road: Plate 93.31 A, In 1972, bluebunch wheatgrass and Idaho fescue were the dominant grasses.
B, By 2015, less productive prairie junegrass and Sandberg bluegrass had become the dominant grasses. Similarity index was 15% in 2015. Douglas-fir
tree density increased from 1972 to 2015.
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rephotographed by the senior author in summer 2013 or
2015.

Assessment 2
In Assessment 2 we examined four plant communities that

USDA-NRCS staff had sampled in the mid-1990s when
refining ecological site descriptions for the area. At that time
these four plant communities were some of the best remaining
examples of the natural, primeval grassland and sagebrush
steppe on the Northern Range. All four locations were outside

YNP in areas where neither bison nor domestic livestock are
allowed to graze. Elk are the principal herbivore on these
areas. In 2014 to 2015, we calculated the similarity index and
assessed rangeland health at all four locations. We also clipped
and weighed forage production and compared it with the
clipping data that had been collected from the same locations
by the USDA-NRCS in the mid-1990s.27

Results from Assessment 2 are provided in Tables 3 and 4.
Similarity index declined at all four locations during the past 20
years. Overall, similarity index averaged 75% in the mid-1990s

Figure 6. View northeast across the old Mammoth-Gardiner Road, near Gardiner: Plate 95.31 Primeval plant community was dominated by Wyoming big
sagebrush and bluebunch wheatgrass. By 1973, rubber rabbitbrush had displaced most of the Wyoming big sagebrush. A, Bluebunch wheatgrass was the
dominant grass in 1973, but the non-native invasive annual cheatgrass was present in clumps. B, By 2013, greasewood (Sarcobatus vermiculatus) had
become the dominant shrub, and the non-native annual forbs desert madwort and Russian thistle (Salsola kali) had invaded and nearly eliminated
bluebunch wheatgrass. Similarity index was 15% in 2013.
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versus 54% in 2014 to 2015 (Table 3), thereby documenting that
Northern Range vegetation at these locations outside YNP
changed notably from the mid-1990s to present day, departing
further from natural, primeval conditions. Annual forage
production deteriorated as well, averaging 19% less in 2014 to
2015 than in the mid-1990s (Table 4).

Rangeland health ratings (Table 3) indicated that ecolog-
ical processes were functioning well at three of the four
locations in 2014 to 2015. However, rangeland health was
degraded at one location where all three attributes (i.e., soil/
site stability, hydrologic function, and biotic integrity)
exhibited moderate departure from natural capability. This
location also received the most elk grazing pressure of all four
locations in Assessment 2.

Summary and Conclusions
Degradation of Northern Range grasslands and sagebrush

steppe because of heavy grazing and browsing by wild
ungulates has been reported repeatedly for nearly 100 years.
Most of these reports were authored or coauthored by NPS

biologists. Additional evaluations were written by university
scientists and ecologists from state and federal agencies, many
working at the request of the NPS to provide objective
assessments from outside the NPS. The NRC reviewed the
impacts from ungulate grazing on the Northern Range and
published a report in 2002 which confirmed that heavy
grazing and browsing by wild ungulates had caused, and was
continuing to cause, degradation of Northern Range grass-
lands and sagebrush steppe.23p122&129&133 However, in 2002
the degradation was not deemed severe enough to prevent
natural ecological processes from functioning acceptably, and
there was optimism that increased predation by the recently
reintroduced wolf population might reduce ungulate numbers
sufficiently to allow degraded grasslands and sagebrush steppe
ecosystems to recover.23p8&126–127&131 The NRC recom-
mended reassessment in 10 to 15 years.23p127–128&136

We conducted two separate field evaluations of the health and
trend of Northern Range grasslands and sagebrush steppe from
2013 to 2016, 11 to 14 years after theNRC report was published.
We examined 39 locationswhere the existing plant community in
the 1960s, 1970s, or 1990s was relatively similar to the natural,

Table 3. Similarity index and rangeland health assessment of four lower elevation (<6,000 ft) rangeland

locations on the Northern Range outside Yellowstone National Park*

Similarity index (%) Rangeland health assessment (2014–2015)*

Location Mid-1990s 2014–2015 Soil/Site

stability

Hydrologic

function

Biotic

integrity

Devil’s Slide 53 39 M M M

Carbella 88 49 N-S N-S N-S

Corwin Springs 87 78 N-S N-S N-S

Dome Mountain 71 51 N-S N-S M

Mean 75 54

Note: Similarity index was quantified at all four locations in the mid-1990s by USDA-NRCS personnel. Similarity index and rangeland health
were assessed in summer 2014–2015.

* Departure from natural capability: None to Slight (N-S); Slight to Moderate (S-M); Moderate (M); Moderate to Extreme (M-E); Extreme to
Total (E-T). Ecosystem functioning is compromised where departure from natural capability is M, M-E, or E-T.

Table 4. Comparison of mid-1990s vs. contemporary (2014–2015) forage abundance at four lower elevation

(<6,000 ft) rangeland locations on the Northern Range outside Yellowstone National Park

Annual forage production

(pounds/acre)

Decrease from 1990s

to 2014–2015 (%)

Location Mid-1990s 2014-2015

Devil’s Slide 1,063 841 21

Carbella 1,265 1,258 0

Corwin Springs 1,078 949 12

Dome Mountain 1,508 841 44

Mean 1,228 996 19

Note. All four locations were originally sampled by USDA-NRCS personnel in the mid-1990s.
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primeval plant community. Our assessments indicated that the
native plant abundances present today in the areas we sampled
differ substantially from natural, primeval conditions, and the
plant communities at our sample locations are continuing to
become more dissimilar from primeval conditions. Forage
production has declined precipitously, and ecological processes
(i.e., water cycle, energy flow, and nutrient cycle) are greatly
impaired and degrading further, despite substantial elk
predation by thriving populations of wolves, bears, and mountain
lions since 1995.32

Our assessments also indicate that the ecological changes
we documented on the Northern Range resulted from
modern-day management decisions that have altered the
natural intensities of ungulate grazing and browsing.18 ,33 If
the ecological health of Northern Range grasslands and
sagebrush steppe was declining because of natural causes (e.g.,
climatic changes) rather than from unnaturally heavy ungulate
grazing and browsing, it is likely that declines in ecological
integrity would have been similar inside and outside of YNP.
However, a comparison of results from Assessments 1 and 2
indicates that the ecological health of the Northern Range
grasslands and sagebrush steppe where we sampled declined
less outside the park than inside the park where ungulate
grazing and browsing intensity has been greater.

The original proponent of natural regulation, former NPS
biologist Douglas Houston recommended that ungulate
reductions inside YNP would be needed if ecosystem
monitoring data from the Northern Range documented
“progressive declines in the absolute abundance of food for
[ungulates]” caused by “retrogressive succession on major
grasslands.”34p198–199 The ecosystem monitoring data that we
have presented from 2013 to 2016 clearly demonstrate that
retrogressive succession and declines in forage abundance have
indeed occurred. Current NPS policy mirrors Houston’s
recommendations and directs the NPS to intervene with
active management when ecosystem degradation is human-
caused.35p37&44 The unnaturally high numbers of bison and
elk on the Northern Range today are caused by modern-day
management decisions.18 ,33 Active management is needed
immediately to reduce the negative impacts caused by
excessive grazing and browsing by wild ungulates, and to
restore the ecological health of Northern Range grasslands
and sagebrush steppe.
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