
Procedures

The effects from long-term nongrazing after
75 years was compared to the effects from seasonlong
grazing by large graminivores on four major plant
communities of the mixed grass prairie at the two-
way rangeland reference areas established by Dr.
Warren C. Whitman in 1936.  Vegetation changes in
aboveground herbage biomass, grass basal cover,
forb density, shrub density, belowground plant root
biomass, rhizosphere biomass, and available soil
mineral nitrogen were evaluated with data collected
during the growing season from late June through mid
September, 2011.

Aboveground herbage biomass was
collected by the standard clipping method (Cook and
Stubbendieck 1986).  Vegetation on the grazed areas
outside of the exclosures was protected from grazing
during the growing season of 2011 by steel wire
quonset type cages measuring 3 X 7 foot placed on
the reference areas prior to livestock turnout.  The
herbage material from five 0.25 m2 quadrats (frames)
at each sample site both inside (ungrazed) and outside
(grazed) each exclosure was hand clipped to ground
level and sorted in the field by biotype categories:
domesticated grasses, cool-season grasses, warm-
season grasses, sedges, forbs, standing dead, and
litter.  The herbage of each biotype category from
each frame was placed in labeled paper bags of
known weight, oven dried at 140E F (60E C), and
weighed.  Herbage biomass in pounds per acre for
each category were determined from the clipping
data.  Relative composition of herbage biomass
biotype categories were determined.

Plant species basal cover was determined by
the ten-pin point frame method (Cook and
Stubbendieck 1986), with 2000 points collected in the
near vicinity of long-term transect lines both inside
(ungrazed) and outside (grazed) each exclosure.  The
major transect lines were parallel to each other on
opposite sides of the exclosure fence.  The minor
transect lines were perpendicular to the major transect
lines and were parallel to each other.  Basal cover
plant species data were sorted into biotype categories:
domesticated grasses, native grasses, sedges, forbs,
woody species, and litter.  Native grass species were
categorized by three methods for analysis: 1) cool-
season grasses, and warm-season grasses, 2) tall
grasses, mid grasses, and short grasses, and 3) grasses
with short shoots and basal leaves, and grasses with
long shoots and stem leaves.  Basal cover, relative
basal cover, percent frequency, relative percent
frequency, and importance value were determined
from the ten-pin point frame data.  Relative

composition of basal cover biotype categories were
determined.

Density of forbs were determined by
counting individual stems of each forb species rooted
inside twenty five 0.1 m2 quadrats placed in the near
vicinity of long-term transect lines both inside
(ungrazed) and outside (grazed) each exclosure.  The
major transect lines were parallel to each other on
opposite sides of the exclosure fence.  The minor
transect lines were perpendicular to the major transect
lines and were parallel to each other.  Forb species
were categorized for analysis as: late succession
forbs, mid succession forbs, and early succession
forbs.  Density per 0.1 m2 quadrat, relatively density,
percent frequency, relative percent frequency, and
importance value were determined from the forb
density data.  Relative composition of forb categories
were determined.

Density of shrubs were collected by counting
individual plants of each shrub species rooted inside
twenty five 1.0 m2 quadrats placed in the near vicinity
of long-term transect lines both inside (ungrazed) and
outside (grazed) each exclosure.  The major transect
lines were parallel to each other on opposite sides of
the exclosure fence.  The minor transect lines were
perpendicular to the major transect lines and were
parallel to each other.  Density per 1.0 m2 quadrat,
relatively density, percent frequency, relative percent
frequency, and importance value were determined
from the shrub density data.  Relative composition of
shrub species were determined.  This procedure
adequately represented the shrub component of the
plant community at the sample sites outside (grazed)
each exclosure, however, because of the great extent
and high number of woody species growing inside the
exclosures, this method greatly undersampled the
woody plants located within each exclosure.  A
species present list of shrubs, cacti, and trees was
compiled for inside and outside each exclosure.

Digital plant community maps of the four
exclosures were developed.  Shrub and tree infested
plant communities were separated from grass plant
communities into distinct map units on the long-term
exclosure areas by ocular assessment of USDA
National Agriculture Imagery Program 2009
orthoimages as displayed by Google Earth.  Surface
area of the woody shrub and tree infested map units
and the nonwoody grass map units were determined
in acres as digital data in ArcGIS.  Technical
mapping procedures were completed by student
ArcGIS technicians, with direction from Tobias L.
Stroh, Assistant Professor, Department of Agriculture 
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and Technical Studies, Dickinson State University,
Dickinson, North Dakota.

Belowground plant root biomass was
collected inside (ungrazed) and outside (grazed) each
exclosure by two replicated soil cores 3 inches (7.6
cm) in diameter and 4 inches (10.2 cm) in depth.  The
proportion of live and dead roots in the total
belowground plant biomass was not known because
root material requires considerable time, one to four
or more years, to decompose.  Root material was
separated from soil in a water bath assisted with
gentle manual agitation, placed in labeled paper bags
of known weight, oven dried at 140E F (60E C), and
weighed.  Root biomass per volume of soil at a one
half foot depth was determined from the soil core root
weight data and reported as pounds per acre and
kilograms per cubic meter.

Rhizosphere biomass was collected inside
(ungrazed) and outside (grazed) each exclosure by
three replicated soil cores 3 inches (7.6 cm) in
diameter and 4 inches (10.2 cm) in depth using a
humane soil beastie catcher (Manske and Urban
2012).  The fresh rhizosphere material, which
included the rhizosphere organisms, the active plant
roots, and the adhered soil particles, was separated
from matrix soil by meticulous excavation with fine
hand tools.  Both wet and dry rhizosphere weights
were collected.  Rhizosphere biomass per volume of
soil at a one half foot depth was determined from the
soil core rhizosphere weight data and reported as
pounds per acre and kilograms per cubic meter.

Soil mineral nitrogen, nitrate and
ammonium, was sampled inside (ungrazed) and
outside (grazed) each exclosure by three replicated
soil cores with 6 inch (15.2 cm) increments to a 12
inch (30.5 cm) depth collected using a Veihmeyer soil
tube with 1 inch (2.5 cm) diameter.  Soil cores were
placed on ice immediately and were frozen within 4
to 6 hours of collection.  Analysis of soil core
samples for available mineral nitrogen (NO3-NH4)
was conducted by the North Dakota State University
Soil Testing Laboratory.  Total available mineral
nitrogen at a one foot depth was determined from the
soil core data and reported as pounds per acre and
milligrams per kilogram.

Early exclosure studies were typically
established without replication.  Interpretation of
treatment effects on plant community characteristics
assumes only minor differences in the vegetation of
the grazed area and ungrazed area at the time of
exclosure constuction on each reference area.

Mathematical comparison of plant
community vegetation between the grazed area and
the ungrazed area of each reference area was
determined by the index of similarity method
(Mueller-Dombois and Ellenberg 1974).  Similarity
index of herbage biomass compared percent
composition of biotype categories in common
between the grazed area and the ungrazed area as
related to the total percent composition of all biotype
categories on both areas.  Similarity index of basal
cover compared importance value of grass species in
common between the grazed area and the ungrazed
area as related to the total importance value of all
grass species on both areas.  Similarity index of forb
density compared importance value of forb species in
common between the grazed area and the ungrazed
area as related to the total importance value of all
forb species on both areas.  Similarity index of woody
shrubs and trees compared the number of shrub and
tree species present in common between the grazed
area and the ungrazed area as related to the total
shrub and tree species present on both areas. 
Similarity index of range condition compared percent
herbage dry weight of plant species in the current
plant community on the grazed area and on the
ungrazed area as a percentage of the hypothetical
historic ecological site plant community.  Index
values of 80% and greater are considered to be
similar.  Index values greater than 50% are degrees of
similarity.  Index values of less than 50% are degrees
of dissimilarity.  And index values of 20% and less
are considered to be dissimilar.

A standard t-test was used to analyze
differences among means (Mosteller and Rourke
1973).  Nomenclature of plant species on the long-
term rangeland reference areas follows Flora of the
Great Plains (1986)

Results    

Sandy Ecological Site

The Sandy Ecological Site (figures 2, 3, and
4) was classified by Hanson and Whitman (1938) as
the Sandgrass Grassland Type with prairie sandreed,
upland sedges, blue grama, needle and thread, and
prairie Junegrass as the major vegetation.  The loamy
fine sand soil was the Blanchard series, mixed, frigid
Typic Ustipsamments.  The plant community and
belowground characteristics data after 75 years of
treatment are on tables 2 to 10 and figures 5 and 6.

Herbage biomass of native grasses was
1777.58 lbs/ac on the grazed area and 545.19 lbs/ac 
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on the ungrazed area, with a 69.3% decrease on the
ungrazed area.  Herbage biomass of cool season
grasses, warm season grasses, and sedges decreased
70.2%, 78.2%, and 59.8%, respectively, on the
ungrazed area.  Herbage biomass of domesticated
grasses was 0.0 lbs/ac on the grazed area and 1158.89
lbs/ac on the ungrazed area, with a 100.0% increase
on the ungrazed area.  Herbage biomass of forbs was
147.72 lbs/ac on the grazed area and 156.99 lbs/ac on
the ungrazed area, with a 6.3% increase on the
ungrazed area.  Native cool season grasses had the
greatest herbage biomass on the grazed area and
domesticated grasses had the greatest herbage
biomass on the ungrazed area.  Total live herbage
biomass was 1925.29 lbs/ac on the grazed area and
1861.07 lbs/ac on the ungrazed area, with a 3.3%
decrease on the ungrazed area.  Standing dead
biomass was 353.23 lbs/ac on the grazed area and
230.49 lbs/ac on the ungrazed area, with 34.8%
decrease on the ungrazed area.  Litter was 104.90
lbs/ac on the grazed area and 791.38 lbs/ac on the
ungrazed area, with a 654.4% increase on the
ungrazed area.  Total dead biomass was 458.13 lbs/ac
on the grazed area and 1021.87 lbs/ac on the
ungrazed area, with a 123.1% increase on the
ungrazed area.  The total aboveground plant biomass
was comprised of 35.5% dead biomass on the
ungrazed area (table 2). 

Relative composition of native grass
biomass was 92.3% on the grazed area and 29.3% on
the ungrazed area, with a 68.3% decrease on the
ungrazed area.  Composition of cool season grasses,
warm season grasses, and sedges decreased 69.1%,
77.5%, and 58.4%, respectively, on the ungrazed
area.  Composition of domesticated grass biomass
was 0.0 % on the grazed area and 62.3% on the
ungrazed area, with a 100.0% increase on the
ungrazed area.  Composition of forb biomass was
7.7% on the grazed area and 8.4% on the ungrazed
area, with a 10.0% increase on the ungrazed area. 
Composition of total live herbage biomass was 80.8%
on the grazed area and 64.6% on the ungrazed area,
with a 20.1% decrease on the ungrazed area. 
Composition of total dead biomass was 19.2% on the
grazed area and 35.5% on the ungrazed area, with an
84.4% increase on the ungrazed area (table 2). 
Similarity index of herbage biomass was 18.9%
indicating that the composition of biotype categories
on the grazed area and on the ungrazed area were
dissimilar (table 2).  

Basal cover of native grasses was 29.1% on
the grazed area and 10.9% on the ungrazed area, with
a 62.5% decrease on the ungrazed area.  Basal cover
of cool season grasses, warm season grasses, and

sedges decreased 49.2%, 84.6%, and 39.2%,
respectively, on the ungrazed area.  Basal cover of
domesticated grasses was 0.2% on the grazed area
and 5.7% on the ungrazed area, with a 3700.0%
increase on the ungrazed area.  Blue grama and
upland sedges had the greatest basal covers on the
grazed area and upland sedges and Kentucky
bluegrass had the greatest basal covers on the
ungrazed area.  Total live basal cover was 30.2% on
the grazed area and 17.0% on the ungrazed area, with
a 43.8% decrease on the ungrazed area (table 3). 

Basal cover of tall grasses, mid grasses,
short grasses, and upland sedges were 0.6%, 1.3%,
15.7%, and 11.6%, respectively, on the grazed area
and were 2.0%, 1.5%, 0.4%, and 7.1%, respectively,
on the ungrazed area.  Tall grass and mid grass basal
cover increased 225.0% and 20.0%, respectively, and
short grass and upland sedge basal cover decreased
97.4% and 39.2%, respectively, on the ungrazed area. 
Basal cover of short grasses and upland sedges were
greater on the grazed area and basal cover of tall
grasses, mid grasses, and domesticated grasses were
greater on the ungrazed area.

Basal cover of native grasses with short
shoots and basal leaves was 28.2% on the grazed area
and 8.1% on the ungrazed area, with 71.4% decrease
on the ungrazed area.  Basal cover of native grasses
with long shoots and stem leaves was 1.0% on the
grazed area and 2.9% on the ungrazed area, with a
200.0% increase on the ungrazed area.  Grasses with
short shoots and basal leaves protect the soil and
restrict invasion by undesirable plants.  The high
losses of grasses with short shoots and basal leaves
provided the open spaces for the great increase of
domesticated grasses on the ungrazed area.

Relative composition of native grass basal
cover was 96.5% on the grazed area and 64.3% on
the ungrazed area, with a 33.4% decrease on the
ungrazed area.  Composition of cool season grasses
and warm season grasses decreased 9.7% and 72.5%,
respectively, and composition of sedges increased
8.1% on the ungrazed area.  Composition of
domesticated grass basal cover was 0.5% on the
grazed area and 33.6% on the ungrazed area, with a
6626.0% increase on the ungrazed area (table 3). 
Similarity index of basal cover was 49.0% indicating
that the importance value of the grass species on the
grazed area and on the ungrazed area were more
dissimilar than similar (table 3).    

Total forb density was 5.8 forbs/0.10 m2 on
the grazed area and 3.5 forbs/0.10 m2 on the ungrazed
area, with a 40.4% decrease on the ungrazed area. 
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The forb component was composed mostly of native
plants, 93.8% on the grazed area and 98.8% on the
ungrazed area, and introduced forbs comprised 6.2%
on the grazed area and 1.2% on the ungrazed area. 
Density of late and early succession forbs decreased
75.8% and 88.9%, respectively, and density of mid
succession forbs increased 980.0% on the ungrazed
area (table 4).  Six late succession forbs grew only on
the grazed area and were not present on the ungrazed
area (table 42).  The ungrazed area had a 53.9%
decrease in the number of forb species present. 
Pussytoes, blazing star, and silverleaf scurfpea had
the greatest densities on the grazed area and blue wild
lettuce, blazing star, and silverleaf scurfpea had the
greatest densites on the ungrazed area.  Blue wild
lettuce had the greatest increase of the forbs on the
ungrazed area.

Relative composition of late, mid, and early
succession forb density was 89.8%, 3.4%, and 6.1%,
respectively, on the grazed area and 36.8%, 62.1%,
and 1.2%, respectively, on the ungrazed area. 
Composition of late and early succession forbs
decreased 59.0% and 81.2%, respectively, and
composition of mid succession forbs increased
1725.6% on the ungrazed area (table 4).  Relative
composition of forbs was primarily late succession
forbs on the grazed area and was mostly mid
succession forbs on the ungrazed area.  Similarity
index of forb density was 42.8% indicating that the
importance value of the forb species on the grazed
area and on the ungrazed area were more dissimilar
than similar (table 4).  

Shrub density collected by the 1.0 m2

quadrat method measured no shrubs on the grazed
and ungrazed sample transect lines (table 5).  This
quantitative method greatly undersampled the woody
plants located within the exclosure.  Compilation of
the woody species present list identified one shrub
species and two cacti species on the grazed area and
five shrub species, two cacti species, and one tree
species on the ungrazed area (table 6).  Similarity
index of woody shrubs and trees present was 37.5%
indicating that the number of woody species present
on the grazed area and on the ungrazed area were
more dissimilar than similar (table 6).  A greater
number of woody species and a greater number of
individual woody plants were present on the ungrazed
exclosure than were on the grazed area (figure 5). 
The ArcGIS mapping procedures identified 2.93
acres (46.7%) of nonwoody grass plant communities
and 3.34 acres (53.3%) of woody shrub and tree
infested plant communities on the 6.27 acre Sandy
Ecological Site exclosure (figure 6 and table 7).  The 

woody plant communities occupy a greater
proportion of the ungrazed exclosure.

After 75 years of seasonlong grazing, the
 aboveground vegetation biomass on the grazed area
consisted of 19.2% standing dead and litter and
80.8% live herbage.  The live herbage was 0.0%
domesticated grasses, 92.3% native grasses (41.7%
cool season grasses, 26.2% upland sedges, and 24.4%
warm season grasses), and 7.7% forbs.  After 75
years of nongrazing, the aboveground vegetation
biomass on the ungrazed exclosure consisted of
35.5% standing dead and litter and 64.5% live
herbage.  The live herbage was 62.3% domesticated
grasses, 29.3% native grasses (12.9% cool season
grasses, 10.9% upland sedges, and 5.5% warm season
grasses), and 8.4% forbs (table 2). 

Total belowground plant root biomass was
44,175.84 lbs/ac (32.48 kg/m3) on the grazed area
and 19,517.34 lbs/ac (14.35 kg/m3) on the ungrazed
area, with a 55.8% decrease on the ungrazed area
(table 8).  The 55.8% decrease of the total
belowground plant root biomass on the ungrazed area
coincided with the 43.8% decrease of the total
aboveground live plant basal cover on the ungrazed
area. 

Rhizosphere biomass was 232,589.59 lbs/ac
(171.01 kg/m3) on the grazed area and 141,196.10
lbs/ac (103.74 kg/m3) on the ungrazed area, with a
39.3% decrease on the ungrazed area (table 8).  Basal
cover of native grasses was 29.1% on the grazed area
and 10.9% on the ungrazed area.  Basal cover of
domesticated grasses was 0.2% on the grazed area
and 5.7% on the ungrazed area.  The 39.3% decrease
of rhizosphere biomass on the ungrazed area
preceded the 62.5% decrease in native grass basal
cover, that was followed by the large increase in
domesticated grass basal cover on the ungrazed area.

The total available soil mineral nitrogen of
nitrate and ammonium was 31.52 lbs/ac on the grazed
area and 23.52 lbs/ac on the exclosure, with a
decrease of 25.4% on the exclosure.  The quantity of
total mineral nitrogen was greater on the grazed area
than on the ungrazed exclosure.  The quantities of
mineral nitrogen were not significantly different on
the grazed area and the exclosure.  The quantity of
nitrate was 6.33 lbs/ac on the grazed area and 7.33
lbs/ac on the exclosure, with an increase of 15.8% on
the ungrazed exclosure.  The quantity of ammonium
was 25.19 lbs/ac on the grazed area and 16.19 lbs/ac
on the exclosure, with a decrease of 35.7% on the
ungrazed exclosure (table 9).  The exclosure had 
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greater nitrate and lower ammonium and the grazed
area had lower nitrate and greater ammonium.  The
greater quantities of nitrate appear to be related to the
greater quantities of easily decomposed labile roots of
domesticated grasses.  The greater quantities of
ammonium appear to be related to the greater
quantities of native grass roots and greater
rhizosphere biomass.

Similarity index of range condition on the
grazed area was 59.8%, low good condition,
indicating that the relative percent herbage dry weight
of plant species of the current plant community was a
little more similar than dissimilar to the relative
percent herbage dry weight of plant species of the
hypothetical historical plant community (table 10). 
Similarity index of range condition on the ungrazed
area was 36.8%, low fair condition, indicating that the
relative percent herbage dry weight of plant species
of the current plant community was more dissimilar
than similar to the relative percent herbage dry weight
of plant species of the hypothetical historical plant
community (table 10).  The current plant community
of the ungrazed area had degraded from the
hypothetical historical sandy ecological site plant
community 38.4% greater than the degradation of the
current plant community on the grazed area after 75
years (table 10).

The effects from long-term nongrazing on
the sandy ecological site were great after 75 years. 
Native grass herbage biomass decreased 69.3% and
basal cover decreased 62.5% on the ungrazed area. 
Cool season grass, warm season grass, and sedge
herbage biomass decreased 70.2%, 78.2%, and
59.8%, respectively, and basal cover decreased 

49.2%, 84.6%, and 39.2%, respectively, on the
ungrazed area.  Domesticated grass herbage biomass
increased 100.0% and basal cover increased 3700.0%
on the ungrazed area.  Forb herbage biomass
increased 6.3%, forb density decreased 40.8%, and
the number of forb species present decreased 53.9%
on the ungrazed area.  The number of shrub and tree
species present increased 166.7% of the ungrazed
data.  Woody plants infested 53.3% of the area on the
ungrazed exclosure.  Total live plant basal cover
decreased 43.8% on the ungrazed area.  Total live
herbage biomass decreased only 3.3% because the
decrease in native grasses was a little greater than the
increase in domesticated grasses on the ungrazed
area.  Total dead biomass increased 123.1% on the
ungrazed area (tables 2, 3, 4, 5, 6, and 7). 
Belowground plant root biomass decreased 55.8% on
the ungrazed area (table 8).  Rhizosphere biomass
decreased 39.3% on the ungrazed area (table 8). 
Mineral nitrogen decreased 25.4% on the ungrazed
area (table 9).

Similarity indices of herbage biomass, basal
cover, forb density, and shrubs present were 18.9%,
49.0%, 42.8%, and 37.5%, respectively.  Similarity
index of herbage biomass indicated that the plant
communities on the grazed area and on the ungrazed
area were dissimilar.  Similarity indices of basal
cover, forb density, and shrubs present all indicated
that the plant communities on the grazed area and on
the ungrazed area were more dissimilar than similar. 
Similarity index of range condition indicated that the
current plant community on the ungrazed area had
degraded 38.4% greater than the current plant
community on the grazed area. 
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Figure 2.   Sandy Ecological Site, located in Sec. 15, T 138 N, R 102 W, exclosure of 6.27 acres, built in 1937,          

                 looking North.



Figure 3.  Sandy Ecological Site, located in Sec. 15, T 138 N, R 102 W, exclosure of 6.27 acres, built in 1937,           
                looking East.



Figure 4.  Sandy Ecological Site, located in Sec. 15, T 138 N, R 102 W, exclosure of 6.27 acres, built in 1937,           
                looking South.



Table 2.  Herbage biomass (lbs/ac) and relative composition (%) for native rangeland on the reference areas in the 
               Little Missouri River Badlands, 1936-2011.

Herbage Biomass Relative Composition

Site: Sandy lbs/ac
Grazed

lbs/ac
Exclosure

%
Difference

%
Grazed

%
Exclosure

%
Difference

Domesticated
 Cool Season 0.00 1158.89 +100.00 0.00 62.27 +100.00

Native Cool Season 803.51 239.77 -70.16 41.73 12.88 -69.13

Native Warm Season 468.84 102.04 -78.24 24.35 5.48 -77.49

Sedges 505.23 203.38 -59.75 26.24 10.93 -58.35

Native Grass 1777.58 545.19 -69.33 92.33 29.29 -68.28

Total Grass 1777.58 1704.08 -4.13 92.33 91.56 -0.83

Forbs 147.72 156.99 +6.28 7.67 8.44 +10.04

Total Live 1925.29 1861.07 -3.34 80.78 64.55 -20.09

Standing Dead 353.23 230.49 -34.75 14.82 7.99 -46.09

Litter 104.90 791.38 +654.41 4.40 27.45 +523.86

Total Dead 458.13 1021.87 +123.05 19.22 35.45 +84.44

Total Live & Dead 2383.42 2882.94 +20.96

Similarity Index of Herbage Biomass

Similarity Index 18.9% (Dissimilar)
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Table 3.  Basal cover (%) and relative composition (%) for native rangeland on the reference areas in the Little 
               Missouri River Badlands, 1936-2011.

Basal Cover Relative Composition

Site: Sandy %
Grazed

%
Exclosure

%
Difference

%
Grazed

%
Exclosure

%
Difference

Domesticated
 Cool Season 0.15 5.70 +3700.00 0.50 33.63 +6626.00

Native Cool Season 3.25 1.65 -49.23 10.78 9.73 -9.74

Native Warm Season 14.25 2.20 -84.56 47.26 12.98 -72.53

Sedges 11.60 7.05 -39.22 38.47 41.59 +8.11

Native Grass 29.10 10.90 -62.54 96.52 64.31 -33.37

Total Grass 29.25 16.60 -43.25 97.01 97.94 +0.96

Forbs 0.85 0.35 -58.82 2.82 2.06 -26.95

Woody Species 0.05 0.00 - 0.17 0.00 -

Total Live 30.15 16.95 -43.78 30.15 16.95 -43.78

Litter 69.85 83.05 +18.90 69.85 83.05 +18.90

Total Live & Dead 100.00 100.00

Similarity Index of Basal Cover

Similarity Index 49.0% (More dissimilar than similar)
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Table 4.  Forb density (#/0.10 m2) and relative composition (%) for native rangeland on the reference areas in the  
               Little Missouri River Badlands, 1936-2011.

Density Relative Composition

Site: Sandy #/0.10 m2

Grazed
#/0.10 m2

Exclosure
%

Difference
%

Grazed
%

Exclosure
%

Difference

Late Succession Forbs 5.28 1.28 -75.76 89.80 36.78 -59.04

Mid Succession Forbs 0.20 2.16 +980.00 3.40 62.07 +1725.59

Early Succession Forbs 0.36 0.04 -88.89 6.12 1.15 -81.21

Woody Species 0.04 0.00 - 0.68 0.00 -

Total Live 5.88 3.48 -40.82

Similarity Index of Forb Density

Similarity Index 42.8% (More dissimilar than similar)
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Table 5.  Shrub density (#/1.0 m2) and relative composition (%) for native rangeland on the reference areas    
               in the Little Missouri River Badlands, 1936-2011.

Density Relative Composition

Site: Sandy #/1.0 m2

Grazed
#/1.0 m2

Exclosure
%

Difference
%

Grazed
%

Exclosure
%

Difference

Artemisia cana 0.00 0.00 - 0.00 0.00 -

Rosa arkansana 0.00 0.00 - 0.00 0.00 -

Symphoricarpos
occidentalis 0.00 0.00 - 0.00 0.00 -

Total Live 0.00 0.00 -

Table 6.  Shrubs, cacti, and trees present on the reference areas in the Little Missouri River Badlands, 1936-2011.

Sandy

Grazed Exclosure

Prunus virginiana X

Rhus trilobata X

Rosa arkansana X X

Symphoricarpos occidentalis X

Yucca glauca X

Escobaria vivipara X X

Opuntia polyacantha X X

Juniperus scopulorum X

Similarity Index of Shrubs Present

Similarity Index 37.5%   (More dissimilar than similar)
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Figure 5.  Sandy Ecological Site, exclosure with increased woody vegetation



Figure 6.  Sandy Ecological Site exclosure with Woody shrub and tree infested plant communities and Nonwoody      
                grass plant communities in the Little Missouri River Badlands, 1936-2011.

Table 7.  Woody shrub and tree infested plant communities and Nonwoody grass plant communites in the Little     
               Missouri River Badlands, 1936-2011.

Major Plant Communities

Site: Sandy

Total Exclosure Area
Nonwoody

Grass
Woody

Shrub and Tree Infested

Acres 6.27 2.93 3.34

Percentage 46.67 53.33

Determined by ArcGIS mapping procedures.



Table 8.  Belowground biomass for plant root weight (lbs/ac and kg/m3) and rhizosphere weight (lbs/ac and            
               kg/m3) for native rangeland on the reference areas in the Little Missouri River Badlands, 1936-2011.

Belowground Biomass

Site: Sandy lb/ac
 Grazed

kg/m3

Grazed
lbs/ac

Exclosure
kg/m3

Exclosure
%

Difference

Root Biomass 44,175.84 32.48 19,517.34 14.35 -55.82

Rhizosphere Biomass 232,589.59 171.01 141,096.10 103.74 -39.34

Table 9.  Soil available mineral nitrogen, nitrate and ammonium, (lbs/ac and mg/kg) for native rangeland on the     
               reference areas in the Little Missouri River Badlands, 1936-2011.

Nitrate-Ammonium (NO3-NH4)

Site: Sandy lbs/ac
Grazed

mg/kg
Grazed

lbs/ac
Exclosure

mg/kg
Exclosure

%
Difference

Mineral Nitrogen 31.52 9.66 23.52 7.21 -25.38

Nitrate 6.33 1.94 7.33 2.25 15.80

Ammonium 25.19 7.72 16.19 4.96 -35.73

Table 10.  Similarity index of range condition for the grazed area and ungrazed area on the reference areas in the   
                 Little Missouri River Badlands, 1936-2011.  

Ecological 
Reference Area Similarity Index of Range Condition

Grazed Area Ungrazed Area % Difference

Sandy 59.8 36.8 -38.4

Low Good Low Fair
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Shallow Ecological Site

The Shallow Ecological Site (figures 7, 8,
and 9) was classified by Hanson and Whitman (1938)
as the Grama-Needlegrass-Sedge Grassland Type
with blue grama, needle and thread, upland sedges,
western wheatgrass, and prairie Junegrass as the
major vegetation.  The loamy fine sand soil was the
Telfer-Lihen complex, sandy, mixed, frigid Entic
Haploborolls.  The plant community and
belowground characteristics data after 75 years of
treatment are on tables 11 to 19 and figures 10 and
11.

Herbage biomass of native grasses was
1086.10 lbs/ac on the grazed area and 181.26 lbs/ac
on the ungrazed area, with an 83.3% decrease on the
ungrazed area.  Herbage biomass of cool season
grasses, warm season grasses, and sedges decreased
96.1%, 98.3%, and 46.2%, respectively, on the
ungrazed area.  Herbage biomass of domesticated
grasses was 0.0 lbs/ac on the grazed area and 1299.47
lbs/ac on the ungrazed area, with a 100.0% increase
on the ungrazed area.  Herbage biomass of forbs was
183.40 lbs/ac on the grazed area and 316.12 lbs/ac on
the ungrazed area, with a 72.4% increase on the
ungrazed area.  Native cool season grasses had the
greatest herbage biomass on the grazed area and
domesticated grasses had the greatest herbage
biomass on the ungrazed area.  Total live herbage
biomass was 1269.49 lbs/ac on the grazed area and
1796.84 lbs/ac on the ungrazed area, with a 41.5%
increase on the ungrazed area.  The total live herbage
biomass produced on the grazed area was low and
around 30% less than the quantity that would have
been expected.  The quantity of standing dead
biomass on the grazed area was almost nonexistent at
3.57 lbs/ac.  Standing dead biomass on the ungrazed
area was 376.07 lbs/ac, with a 10434.2% increase on
the ungrazed area.  Litter was 70.65 lbs/ac on the
grazed area and 643.67 lbs/ac on the ungrazed area,
with an 811.1% increase on the ungrazed area.  Total
dead biomass was 74.22 lbs/ac on the grazed area and
1019.74 lbs/ac on the ungrazed area, with a 1273.9%
increase on the ungrazed area.  The total aboveground
plant biomass was comprised of 36.2% dead biomass
on the ungrazed area (table 11). 

Relative composition of native grass
biomass was 85.6% on the grazed area and 10.1% on
the ungrazed area, with an 88.2% decrease on the
ungrazed area.  Composition of cool season grasses,
warm season grasses, and sedges decreased 97.2%,
98.8%, and 61.9%, respectively, on the ungrazed
area.  Composition of domesticated grass biomass
was 0.0 % on the grazed area and 72.3% on the

ungrazed area, with a 100.0% increase on the
ungrazed area.  Composition of forb biomass was
14.5% on the grazed area and 17.6% on the ungrazed
area, with a 21.7% increase on the ungrazed area. 
Composition of total live herbage biomass was 94.5%
on the grazed area and 63.8% on the ungrazed area,
with a 32.5% decrease on the ungrazed area. 
Composition of total dead biomass was 5.5% on the
grazed area and 36.2% on the ungrazed area, with a
555.8% increase on the ungrazed area (table 11). 
Similarity index of herbage biomass was 12.3%
indicating that the composition of biotype categories
on the grazed area and on the ungrazed area were
dissimilar (table 11).  

Basal cover of native grasses was 32.2% on
the grazed area and 11.7% on the ungrazed area, with
a 63.8% decrease on the ungrazed area.  Basal cover
of cool season grasses and warm season grasses
decreased 88.7% and 98.2%, respectively, and basal
cover of sedges increased 1.9% on the ungrazed area. 
Basal cover of domesticated grasses was 0.0% on the
grazed area and 5.8% on the ungrazed area, with a
100.0% increase on the ungrazed area.  Blue grama,
upland sedges, and prairie Junegrass had the greatest
basal covers on the grazed area and upland sedges
and Kentucky bluegrass had the greatest basal covers
on the ungrazed area.  Total live basal cover was
34.9% on the grazed area and 19.1% on the ungrazed
area, with a 45.3% decrease on the ungrazed area
(table 12). 

Basal cover of mid grasses, short grasses,
and upland sedges were 3.2%, 18.7%, and 10.3%,
respectively, on the grazed area and were 0.5%,
0.7%, and 10.5%, respectively, on the ungrazed area. 
Mid grass and short grass basal cover decreased
84.4% and 96.5%, respectively, and upland sedge
basal cover increased 1.9% on the ungrazed area. 
Basal cover of mid grasses and short grasses were
greater on the grazed area and basal cover of upland
sedges and domesticated grasses were greater on the
ungrazed area.

Basal cover of native grasses with short
shoots and basal leaves was 31.5% on the grazed area
and 11.6% on the ungrazed area, with 63.5% decrease
on the ungrazed area.  Basal cover of native grasses
with long shoots and stem leaves was 0.7% on the
grazed area and 0.1% on the ungrazed area, with a
84.6% decrease on the ungrazed area.  Grasses with
short shoots and basal leaves protect the soil and
restrict invasion by undesirable plants.  The high
losses of grasses with short shoots and basal leaves
provided the open spaces for the great increase of
domesticated grasses on the ungrazed area.
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Relative composition of native grass basal
cover was 92.3% on the grazed area and 61.2% on
the ungrazed area, with a 33.7% decrease on the
ungrazed area.  Composition of cool season grasses
and warm season grasses decreased 79.3% and
96.7%, respectively, and composition of sedges
increased 86.5% on the ungrazed area.  Composition
of domesticated grass basal cover was 0.0% on the
grazed area and 30.5% on the ungrazed area, with a
100.0% increase on the ungrazed area (table 12). 
Similarity index of basal cover was 34.2% indicating
that the importance value of the grass species on the
grazed area and on the ungrazed area were more
dissimilar than similar (table 12).  

Total forb density was 23.8 forbs/0.10 m2 on
the grazed area and 9.9 forbs/0.10 m2 on the ungrazed
area, with a 58.5% decrease on the ungrazed area. 
The total forb density on the grazed area was high
and around double the quantity that would have been
expected.  The forb component was composed mostly
of native plants, 96.3% on the grazed area and 99.2%
on the ungrazed area, and introduced forbs comprised
3.7% on the grazed area and 0.8% on the ungrazed
area.  Density of late and early succession forbs
decreased 82.6% and 90.9%, respectively, and
density of mid succession forbs increased 1533.3%
on the ungrazed area (table 13).  Nine late succession
forbs grew only on the grazed area and were not
present on the ungrazed area (table 42).  The
ungrazed area had a 50.0% decrease in the number of
forb species present.  Pussytoes, fringed sage, and
white sage had the greatest densities on the grazed
area and blue wild lettuce, blazing star, and wavy leaf
thistle had the greatest densities on the ungrazed area. 
Blue wild lettuce had the greatest increase of the
forbs on the ungrazed area.

Relative composition of late, mid, and early
succession forb density was 94.6%, 1.5%, and 3.7%,
respectively, on the grazed area and 39.7%, 59.5%,
and 0.8%, respectively, on the ungrazed area. 
Composition of late and early succession forbs
decreased 58.1% and 78.1%, respectively, and
composition of mid succession forbs increased
3841.1% on the ungrazed area (table 13).  Relative
composition of forbs was primarily late succession
forbs on the grazed area and was mostly mid
succession forbs on the ungrazed area.  Similarity
index of forb density was 10.8% indicating that the
importance value of the forb species on the grazed
area and on the ungrazed area were dissimilar (table
13).  

Shrub density was 0.24 shrubs/1.0 m2 on the
grazed area and 3.0 shrubs/1.0 m2 on the ungrazed

area, with a 1150.0% increase on the ungrazed area
(table 14).  This quantitative method greatly
undersampled the woody plants located within the
exclosure.  Compilation of the woody species present
list identified two shrub species on the grazed area
and five shrub species and two tree species on the
ungrazed area (table 15).  Similarity index of woody
shrubs and trees present was 28.6% indicating that the
number of woody species present on the grazed area
and on the ungrazed area were more dissimilar than
similar (table 15).  A greater number of woody
species and a greater number of individual woody
plants were present on the ungrazed exclosure than
were on the grazed area (figure 10).  The ArcGIS
mapping procedures identified 2.15 acres (43.9%) of
nonwoody grass plant communities and 2.75 acres
(56.1%) of woody shrub and tree infested plant
communities on the west 4.90 acre Shallow
Ecological Site exclosure (figure 11 and table 16). 
The woody plant communities occupy a greater
proportion of the ungrazed exclosure.

After 75 years of seasonlong grazing, the
aboveground vegetation biomass on the grazed area
consisted of 5.5% standing dead and litter and 94.5%
live herbage.  The live herbage was 0.0%
domesticated grasses, 85.6% native grasses (45.9%
cool season grasses, 22.7% upland sedges, and 17.0%
warm season grasses), and 14.5% forbs.  After 75
years of nongrazing, the aboveground vegetation
biomass on the ungrazed exclosure consisted of
36.2% standing dead and litter and 63.8% live
herbage.  The live herbage was 72.3% domesticated
grasses, 10.1% native grasses (8.6% upland sedges,
1.3% cool season grasses, 0.2% warm season
grasses), and 17.6% forbs (table 11). 

Total belowground plant root biomass was
46,964.03 lbs/ac (34.53 kg/m3) on the grazed area
and 36,545.71 lbs/ac (26.87 kg/m3) on the ungrazed
area, with a 22.2% decrease on the ungrazed area
(table 17).  The 22.2% decrease of the total
belowground plant root biomass on the ungrazed area
coincided with the 45.3% decrease of the total
aboveground live plant basal cover on the ungrazed
area. 

Rhizosphere biomass was 207,536.67 lbs/ac
(152.59 kg/m3) on the grazed area and 222,892.13
lbs/ac (163.88 kg/m3) on the ungrazed area, with a
7.4% increase on the ungrazed area (table 17).  Basal
cover of native grasses was 32.2% on the grazed area
and 11.7% on the ungrazed area.  Basal cover of
domesticated grasses was 0.0% on the grazed area
and 5.8% on the ungrazed area.  The rhizosphere
biomass on the ungrazed area was greater than the
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rhizosphere biomass on the grazed area which was
different than the other ecological sites that had
greater rhizosphere biomass on the grazed area.  The
decrease in rhizosphere biomass on the grazed area
had occurred at an accelerated rate in the recent past. 
The degradation of the belowground rhizosphere
community occurred before the degradation of the
aboveground plant community.  The aboveground
native plant herbage biomass had decreased below
expected quantities and forb density was greater than
expected.  However, the basal cover and relative
composition of native grasses and of domesticated
grasses, and the range condition on the grazed area
had not yet had similar unexpected changes.  In the
near future, basal cover and relative composition of
native grasses and range condition on the grazed area
will decrease greatly and basal cover and relative
composition of domesticated grasses on the grazed
area will increase greatly.  The rhizosphere biomass
on the ungrazed area will continue to decrease at the
long-term rate and precede future decreases in native
grass basal cover, that will be followed by future
increases in domesticated grass basal cover on the
ungrazed area.

The total available soil mineral nitrogen of
nitrate and ammonium was 33.12 lbs/ac on the grazed
area and 41.26 lbs/ac on the exclosure, with an
increase of 24.6% on the exclosure.  The quantity of
nitrate was 6.00 lbs/ac on both the grazed area and
the exclosure.  The quantity of ammonium was 27.12
lbs/ac on the grazed area and 35.26 lbs/ac on the
exclosure, with an increase of 30.0% on the ungrazed
exclosure (table 18).  The quantities of mineral
nitrogen were not significantly different on the grazed
area and the ungrazed exclosure.  The quantities of
nitrate were low.  The grazed area had extremely low
amounts of total mineral nitrogen and ammonium;
these values were much lower than would have been
expected.  The exclosure had slightly more total
mineral nitrogen and ammonium.  The belowground
ecosystem biogeochemical processes on the grazed
area have degraded at an accelerated rate in the recent
past.  The aboveground basal cover and relative
composition of native grasses and domesticated
grasses on the grazed area have not yet degraded, but
will soon follow the degraded belowground
processes. 

Similarity index of range condition on the
grazed area was 68.4%, good condition, indicating
that the relative percent herbage dry weight of plant
species of the current plant community was more
similar than dissimilar to the relative percent herbage
dry weight of plant species of the hypothetical
historical plant community (table 19).  Similarity

index of range condition on the ungrazed area was
20.1%, poor condition, indicating that the relative
percent herbage dry weight of plant species of the
current plant community was dissimilar to the relative
percent herbage dry weight of plant species of the
hypothetical historical plant community (table 19). 
The current plant community of the ungrazed area
had degraded from the hypothetical historical shallow
ecological site plant community 70.6% greater than
the degradation of the current plant community on the
grazed area after 75 years (table 19).

The effects from long-term nongrazing on
the shallow ecological site were great after 75 years. 
Native grass herbage biomass decreased 83.3% and
basal cover decreased 63.8% on the ungrazed area. 
Cool season grass, warm season grass, and sedge
herbage biomass decreased 96.1%, 98.3%, and
46.2%, respectively, on the ungrazed area.  Cool
season grass and warm season grass basal cover
decreased 88.7% and 98.2%, respectively, on the
ungrazed area.  Sedge basal cover increased 1.9% on
the ungrazed area.  Domesticated grass herbage
biomass increased 100.0% and basal cover increased
100.0% on the ungrazed area.  Forb herbage biomass
increased 72.4%, forb density decreased 58.5%, and
the number of forb species present decreased 50.0%
on the ungrazed area.  The number of shrub and tree
species present increased 250.0% on the ungrazed
area.  Woody plants infested 56.1% of the area on the
ungrazed exclosure.  Total live plant basal cover
decreased 45.3% on the ungrazed area.  Total live
herbage biomass increased 41.5% because the
increase in domesticated grasses was greater than the
decrease in native grasses on the ungrazed area. 
Total dead biomass increased 1273.9% on the
ungrazed area (tables 11, 12, 13, 14, 15, and 16). 
Belowground plant root biomass decreased 22.2% on
the ungrazed area (table 17).  Rhizosphere biomass
increased 7.4% on the ungrazed area because the
recent rate of decrease in rhizosphere biomass was
greatly accelerated on the grazed area (table 17). 
Mineral nitrogen increased 24.6% on the ungrazed
area because of the recent decrease of the
biogeochemical processes on the grazed area (table
18).

Similarity indices of herbage biomass, basal
cover, forb density, and shrubs present were 12.3%,
34.2%, 10.8%, and 28.6%, respectively.  Similarity
indices of herbage biomass and forb density indicated
that the plant communities on the grazed area and on
the ungrazed area were dissimilar.  Similarity indices
of basal cover and shrubs and trees present indicated
that the plant communities on the grazed area and on
the ungrazed area were more dissimilar than similar. 
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Similarity index of range condition indicated that the
current plant community on the ungrazed area had
degraded 70.6% greater than the current plant
community on the grazed area. 
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Figure 7.  Shallow Ecological Site, located in Sec. 5, T 138 N, R 101 W, exclosure of 6.50 acres, built in 1937,          
                looking North.



Figure 8.  Shallow Ecological Site, located in Sec. 5, T 138 N, R 101 W, exclosure of 6.50 acres, built in 1937,          
                looking East.



Figure 9.  Shallow Ecological Site, located in Sec. 5, T 138 N, R 101 W, exclosure of 6.50 acres, built in 1937,          
                looking South.



Table 11.  Herbage biomass (lbs/ac) and relative composition (%) for native rangeland on the reference areas in     
                 the Little Missouri River Badlands, 1936-2011.

Herbage Biomass Relative Composition

Site: Shallow lbs/ac
Grazed

lbs/ac
Exclosure

%
Difference

%
Grazed

%
Exclosure

%
Difference

Domesticated
 Cool Season 0.00 1299.47 +100.00 0.00 72.32 +100.00

Native Cool Season 583.01 22.84 -96.08 45.92 1.27 -97.23

Native Warm Season 215.51 3.57 -98.34 16.98 0.20 -98.82

Sedges 287.58 154.85 -46.15 22.65 8.62 -61.94

Native Grass 1086.10 181.26 -83.31 85.55 10.09 -88.21

Total Grass 1086.10 1480.72 +36.33 85.55 82.41 -3.67

Forbs 183.40 316.12 +72.37 14.45 17.59 +21.73

Total Live 1269.49 1796.84 +41.54 94.48 63.80 -32.47

Standing Dead 3.57 376.07 +10434.17 0.27 13.35 +4844.44

Litter 70.65 643.67 +811.07 5.26 22.85 +334.41

Total Dead 74.22 1019.74 +1273.94 5.52 36.20 +555.80

Total Live & Dead 1343.71 2816.58 +109.61

Similarity Index of Herbage Biomass

Similarity Index 12.3% (Dissimilar)
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Table 12.  Basal cover (%) and relative composition (%) for native rangeland on the reference areas in the Little    
                 Missouri River Badlands, 1936-2011.

Basal Cover Relative Composition

Site: Shallow %
Grazed

%
Exclosure

%
Difference

%
Grazed

%
Exclosure

%
Difference

Domesticated
 Cool Season 0.00 5.80 +100.00 0.00 30.45 +100.00

Native Cool Season 7.95 0.90 -88.68 22.81 4.72 -79.31

Native Warm Season 13.90 0.25 -98.20 39.89 1.31 -96.72

Sedges 10.30 10.50 +1.94 29.56 55.12 +86.47

Native Grass 32.15 11.65 -63.76 92.25 61.15 -33.71

Total Grass 32.15 17.45 -45.72 92.25 91.60 -0.70

Forbs 2.70 1.55 -42.59 7.75 8.14 +5.03

Woody Species 0.00 0.05 - 0.00 0.26 -

Total Live 34.85 19.05 -45.34 35.74 20.06 -43.87

Litter 62.65 75.90 +21.15 64.26 79.94 +24.40

Total Live & Dead 97.50 94.95

Similarity Index of Basal Cover

Similarity Index 34.2% (More dissimilar than similar)
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Table 13.  Forb density (#/0.10 m2) and relative composition (%) for native rangeland on the reference areas in      
                 the Little Missouri River Badlands, 1936-2011.

Density Relative Composition

Site: Shallow #/0.10 m2

Grazed
#/0.10 m2

Exclosure
%

Difference
%

Grazed
%

Exclosure
%

Difference

Late Succession Forbs 22.52 3.92 -82.59 94.62 39.68 -58.06

Mid Succession Forbs 0.36 5.88 +1533.33 1.51 59.51 +3841.06

Early Succession Forbs 0.88 0.08 -90.91 3.70 0.81 -78.11

Woody Species 0.04 0.00 - 0.17 0.00 -

Total Live 23.80 9.88 -58.49

Similarity Index of Forb Density

Similarity Index 10.8% (Dissimilar)
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Table 14.  Shrub density (#/1.0 m2) and relative composition (%) for native rangeland on the reference areas in      
                 the Little Missouri River Badlands, 1936-2011.

Density Relative Composition

Site: Shallow #/1.0 m2

Grazed
#/1.0 m2

Exclosure
%

Difference
%

Grazed
%

Exclosure
%

Difference

Artemisia cana 0.00 0.00 - 0.00 0.00 -

Rosa arkansana 0.24 3.00 +1150.00 100.00 100.00 -

Symphoricarpos
occidentalis 0.00 0.00 - 0.00 0.00 -

Total Live 0.24 3.00 +1150.00

Table 15.  Shrubs, cacti, and trees present on the reference areas in the Little Missouri River Badlands, 1936-         
                2011.

Shallow

Grazed Exclosure

Artemisia cana X

Prunus virginiana X

Rhus trilobata X

Rosa arkansana X X

Symphoricarpos occidentalis X X

Fraxinus pennsylvanica X

Juniperus scopulorum X

Similarity Index of Shrubs Present

Similarity Index 28.6%   (More dissimilar than similiar)
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Figure 10.  Shallow Ecological Site, exclosure with increased woody vegetation.



Figure 11.  Shallow Ecological Site exclosure with Woody shrub and tree infested plant communities and Nonwoody 
                  grass plant communities in the Little Missouri River Badlands, 1936-2011.

Table 16.  Woody shrub and tree infested plant communities and Nonwoody grass plant communites in the Little   
                 Missouri River Badlands, 1936-2011.

Major Plant Communities

Site: Shallow

Total Exclosure Area
Nonwoody

Grass
Woody

Shrub and Tree Infested

Acres 4.90 2.15 2.75

Percentage 43.90 56.10

Determined by ArcGIS mapping procedures.



Table 17.  Belowground biomass for plant root weight (lbs/ac and kg/m3) and rhizosphere weight (lbs/ac and          
                 kg/m3) for native rangeland on the reference areas in the Little Missouri River Badlands, 1936-2011.

Belowground Biomass

Site: Shallow lb/ac
 Grazed

kg/m3

Grazed
lbs/ac

Exclosure
kg/m3

Exclosure
%

Difference

Root Biomass 46,964.03 34.53 36,545.71 26.87 -22.18

Rhizosphere Biomass 207,536.67 152.59 222,892.13 163.88 7.40

Table 18.  Soil available mineral nitrogen, nitrate and ammonium, (lbs/ac and mg/kg) for native rangeland on the   
                 reference areas in the Little Missouri River Badlands, 1936-2011.

Nitrate-Ammonium (NO3-NH4)

Site: Shallow lbs/ac
Grazed

mg/kg
Grazed

lbs/ac
Exclosure

mg/kg
Exclosure

%
Difference

Mineral Nitrogen 33.12 10.15 41.26 12.64 24.58

Nitrate 6.00 1.84 6.00 1.84 0.0

Ammonium 27.12 8.31 35.26 10.80 30.01

Table 19.  Similarity index of range condition for the grazed area and ungrazed area on the reference areas in the   
                 Little Missouri River Badlands, 1936-2011.  

Ecological 
Reference Area Similarity Index of Range Condition

Grazed Area Ungrazed Area % Difference

Shallow 68.4 20.1 -70.6

Good Poor
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Silty Ecological Site

The Silty Ecological Site (figures 12, 13,
and 14) was classified by Hanson and Whitman
(1938) as the Wheatgrass-Grama-Sedge Grassland
Type with western wheatgrass, blue grama, upland
sedge, needle and thread, and prairie Junegrass as the
major vegetation.  The silt loam soil was a Farland-
like series, fine-silty, mixed, superactive, Typic
Argiborolls.  The plant community and belowground
characteristics data after 75 years of treatment are on
tables 20 to 28 and figures 15 and 16.

Herbage biomass of native grasses was
857.04 lbs/ac on the grazed area and 215.50 lbs/ac on
the ungrazed area, with a 74.9% decrease on the
ungrazed area.  Herbage biomass of cool season
grasses, warm season grasses, and sedges decreased
80.0%, 99.7%, and 23.9%, respectively, on the
ungrazed area.  Herbage biomass of domesticated
grasses was 692.91 lbs/ac on the grazed area and
1427.91 lbs/ac on the ungrazed area, with a 106.1%
increase on the ungrazed area.  Herbage biomass of
forbs was 124.88 lbs/ac on the grazed area and
149.86 lbs/ac on the ungrazed area, with a 20.0%
increase on the ungrazed area.  Domesticated grasses
had the greatest herbage biomass on both the grazed
area and the ungrazed area.  Total live herbage
biomass was 1674.82 lbs/ac on the grazed area and
1793.28 lbs/ac on the ungrazed area, with a 7.1%
increase on the ungrazed area.  Standing dead
biomass was 112.04 lbs/ac on the grazed area and
494.52 lbs/ac on the ungrazed area, with a 341.4%
increase on the ungrazed area.  Litter was 563.03
lbs/ac on the grazed area and 2162.21 lbs/ac on the
ungrazed area, with a 284.0% increase on the
ungrazed area.  Total dead biomass was 675.07 lbs/ac
on the grazed area and 2656.73 lbs/ac on the
ungrazed area, with a 293.6% increase on the
ungrazed area (table 20).  The total aboveground
plant biomass was comprised of 59.7% dead biomass
on the ungrazed area.  The ungrazed area had 48.2%
greater total dead biomass than total live herbage
biomass. 

Relative composition of native grass
biomass was 51.2% on the grazed area and 12.0% on
the ungrazed area, with a 76.5% decrease on the
ungrazed area.  Composition of cool season grasses,
warm season grasses, and sedges decreased 81.3%,
99.7%, and 28.9%, respectively, on the ungrazed
area.  Composition of domesticated grass biomass
was 41.4% on the grazed area and 79.6% on the
ungrazed area, with a 92.5% increase on the ungrazed
area.  Composition of forb biomass was 7.5% on the
grazed area and 8.4% on the ungrazed area, with a

12.1% increase on the ungrazed area.  Composition
of total live herbage biomass was 71.3% on the
grazed area and 40.3% on the ungrazed area, with a
43.5% decrease on the ungrazed area.  Composition
of total dead biomass was 28.7% on the grazed area
and 59.7% on the ungrazed area, with a 107.8%
increase on the ungrazed area (table 20).  Similarity
index of herbage biomass was 30.4% indicating that
the composition of biotype categories on the grazed
area and on the ungrazed area were more dissimilar
than similar (table 20).  

Basal cover of native grasses was 11.7% on
the grazed area and 1.2% on the ungrazed area, with a
90.2% decrease on the ungrazed area.  Basal cover of
cool season grasses, warm season grasses, and sedges
decreased 100.0%, 100.0%, and 79.8%, respectively,
on the ungrazed area.  Basal cover of domesticated
grasses was 17.5% on the grazed area and 11.7% on
the ungrazed area, with a 33.2% decrease on the
ungrazed area.  The domesticated grass basal cover
on the grazed area was 49.6% greater than the basal
cover on the ungrazed area, however, the
domesticated grass herbage biomass on the grazed
area was 51.5% less than the herbage biomass on the
ungrazed area, indicating that the domesticated grass
tillers on the grazed area were numerous but small
compared to the large and robust domesticated grass
tillers on the ungrazed area.  Kentucky bluegrass and
upland sedges had the greatest basal covers on both
the grazed area and the ungrazed area.  Total live
basal cover was 30.1% on the grazed area and 15.2%
on the ungrazed area, with a 49.4% decrease on the
ungrazed area (table 21).  The decrease in basal cover
of the native grasses and the increase in basal cover
of domesticated grasses on both the grazed area and
ungrazed area on the silty ecological site was greater
than the respective changes in basal cover on the
sandy, shallow, and overflow ecological sites.

Basal cover of mid grasses, short grasses,
and upland sedges were 2.3%, 3.8%, and 5.7%,
respectively, on the grazed area and were 0.0%,
0.0%, and 1.2%, respectively, on the ungrazed area. 
Mid grass, short grass, and upland sedge basal cover
decreased 100.0%, 100.0%, and 79.8%, respectively,
on the ungrazed area.  Basal cover of mid grasses,
short grasses, upland sedges, and domesticated
grasses were greater on the grazed area.

Basal cover of native grasses with short
shoots and basal leaves was 10.7% on the grazed area
and 1.2% on the ungrazed area, with 89.2% decrease
on the ungrazed area.  Basal cover of native grasses
with long shoots and stem leaves was 1.1% on the
grazed area and 0.0% on the ungrazed area, with a
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100.0% decrease on the ungrazed area.  Grasses with
short shoots and basal leaves protect the soil and
restrict invasion by undesirable plants.  The high
losses of grasses with short shoots and basal leaves
provided the open spaces for the great increase of
domesticated grasses on the ungrazed area.

Relative composition of native grass basal
cover was 38.9% on the grazed area and 7.6% on the
ungrazed area, with an 80.6% decrease on the
ungrazed area.  Composition of cool season grasses,
warm season grasses and sedges decreased 100.0%,
100.0%, and 60.1%, respectively, on the ungrazed
area.  Composition of domesticated grass basal cover
was 58.1% on the grazed area and 76.6% on the
ungrazed area, with a 32.0% increase on the ungrazed
area (table 21).  Similarity index of basal cover was
59.7% indicating that the importance value of the
grass species on the grazed area and on the ungrazed
area were more similar than dissimilar (table 21). 
The high similarity index of basal cover of the plant
communities on the silty ecological site was a result
of the similar high relative composition of
domesticated grasses on both the grazed area and the
ungrazed area.    

Total forb density was 10.5 forbs/0.10 m2 on
the grazed area and 12.8 forbs/0.10 m2 on the
ungrazed area, with a 22.1% increase on the ungrazed
area.  The forb component was composed mostly of
native plants, 77.5% on the grazed area and 100.0%
on the ungrazed area, and introduced forbs comprised
22.5% on the grazed area and 0.0% on the ungrazed
area.  However, the ungrazed area had a large patch
of leafy spurge that did not extend to the sample site
and a small patch of leafy spurge was present on the
grazed area that extended into the sample site. 
Density of late succession forbs increased 145.3%
and density of mid and early succession forbs
decreased 92.5% and 100.0%, respectively, on the
ungrazed area (table 22).  Five late succession forbs
grew only on the grazed area and were not present on
the ungrazed area (table 42).  The ungrazed area had
a 56.3% decrease in the number of forb species
present.  The density of late succession forbs was less
than expected, the density of mid and early
succession forbs was greater than expected, and the
composition of introduced forbs was greater than
expected on the grazed area.  Blue wild lettuce, white
sage, and dandelion had the greatest densities on the
grazed area and white sage, wavy leaf thistle, and
blue wild lettuce had the greatest densities on the
ungrazed area.  White sage and wavy leaf thistle had
the greatest increases of the forbs on the ungrazed
area.

Relative composition of late, mid, and early
succession forb density was 48.9%, 30.5%, and
20.6%, respectively, on the grazed area and 98.1%,
1.9%, and 0.0%, respectively, on the ungrazed area. 
Composition of late succession forbs increased
100.9% and composition of mid and early succession
forbs decreased 93.8% and 100.1%, respectively, on
the ungrazed area (table 22).  Relative composition of
forbs was mostly late and mid succession forbs on the
grazed area and was primarily late succession forbs
on the ungrazed area.  Similarity index of forb density
was 31.8% indicating that the importance value of the
forb species on the grazed area and on the ungrazed
area were more dissimilar than similar (table 22).  

Shrub density collected by the 1.0 m2

quadrat method measured no shrubs on the grazed
and ungrazed sample transect lines (table 23).  This
quantitative method greatly undersampled the woody
plants located within the exclosure.  Compilation of
the woody species present list identified two shrub
species on the grazed area and nine shrub species,
one cactus species, and two tree species on the
ungrazed area (table 24).  Similarity index of woody
shrubs and trees present was 16.7% indicating that the
number of woody species present on the grazed area
and on the ungrazed area were dissimilar (table 24). 
A greater number of woody species and a greater
number of individual woody plants were present on
the ungrazed exclosure than were on the grazed area
(figure 15).  The ArcGIS mapping procedures
identified 6.52 acres (46.2%) of nonwoody grass
plant communities and 7.58 acres (53.8%) of woody
shrub and tree infested plant communities on the
14.10 acre Silty Ecological Site exclosure (figure 16
and table 25).  The woody plant communities occupy
a greater proportion of the ungrazed exclosure. 

After 75 years of seasonlong grazing, the
aboveground vegetation biomass on the grazed area
consisted of 28.7% standing dead and litter and
71.3% live herbage.  The live herbage was 41.4%
domesticated grasses, 51.2% native grasses (30.3%
cool season grasses, 12.0% warm season grasses, and
8.9% upland sedges), and 7.5% forbs.  After 75 years
of nongrazing, the aboveground vegetation biomass
on the ungrazed exclosure consisted of 59.7%
standing dead and litter and 40.3% live herbage.  The
live herbage was 79.6% domesticated grasses, 12.0%
native grasses (6.3% upland sedges, 5.7% cool season
grasses, and less than 0.1% warm season grasses),
and 8.4% forbs (table 20). 

Total belowground plant root biomass was
33,757.52 lbs/ac (24.82 kg/m3) on the grazed area
and 22,754.37 lbs/ac (16.73 kg/m3) on the ungrazed
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area, with a 32.6% decrease on the ungrazed area
(table 26).  The 32.6% decrease of the total
belowground plant root biomass on the ungrazed area
coincided with the 49.4% decrease of the total
aboveground live plant basal cover on the ungrazed
area.  

Rhizosphere biomass was 188,549.76 lbs/ac
(138.63 kg/m3) on the grazed area and 179,641.15
lbs/ac (132.08 kg/m3) on the ungrazed area, with a
4.7% decrease on the ungrazed area (table 26). 
Composition of native grasses was 38.9% on the
grazed area and 7.6% on the ungrazed area. 
Composition of domesticated grasses was 58.1% on
the grazed area and 76.6% on the ungrazed area.  The
rhizosphere biomass on the ungrazed area was only
slightly less than the rhizosphere biomass on the
grazed area.  The greater than expected decrease in
rhizosphere biomass on the grazed area had occurred
over a long period of time.  The degradation of the
belowground rhizosphere community occurred before
the degradation of the aboveground plant community. 
The rhizosphere biomass on the grazed area of the
silty ecological site was less than the rhizosphere
biomass on the grazed areas of the sandy, shallow,
and overflow ecological sites.  The aboveground
native grass herbage biomass and basal cover had
decreased below expected quantities on the grazed
area.  The density of late succession forbs had
decreased below expected quantities on the grazed
area.  The domesticated grass herbage biomass and
basal cover had increased well above expected
quantities on the grazed area.  Both the belowground
rhizosphere community and the aboveground plant
community had deteriorated on the grazed area over a
long time period.  The decrease in rhizosphere
biomass on both the grazed area and ungrazed area
preceded the decrease in native grass composition on
both the grazed area and ungrazed area, that was
followed by the increase in domesticated grass
composition on both the grazed area and ungrazed
area.  The degradation of the belowground
rhizosphere community and the aboveground plant
community on the ungrazed area was greater than that
of the belowground and aboveground communities on
the grazed area.      

The total available soil mineral nitrogen of
nitrate and ammonium was 46.62 lbs/ac on the grazed
area and 42.02 lbs/ac on the exclosure, with a
decrease of 9.9% on the ungrazed exclosure.  The
quantity of total mineral nitrogen was greater on the
grazed area than on the exclosure.  The quantities of
mineral nitrogen were not significantly different on
the grazed area and the exclosure.  The quantity of
nitrate was 11.00 lbs/ac on the grazed area and 10.00

lbs/ac on the exclosure, with a decrease of 9.1% on
the ungrazed exclosure.  The quantity of ammonium
was 35.62 lbs/ac on the grazed area and 32.02 lbs/ac
on the exclosure, with a decrease of 10.1% on the
ungrazed exclosure (table 27).  The amount of nitrate
was slightly elevated on both the grazed area and the
exclosure.  The greater quantities of nitrate appear to
be related to the greater quantities of easily
decomposed labile roots of domesticated grasses. 
Both the grazed area and the exclosure had high
domesticated grass basal cover.  The grazed area had
greater ammonium.  The greater quantities of
ammonium appear to be related to the greater
quantities of native grass roots and greater
rhizosphere biomass.

Similarity index of range condition on the
grazed area was 53.6%, low good condition,
indicating that the relative percent herbage dry weight
of plant species of the current plant community was
slightly more similar than dissimilar to the relative
percent herbage dry weight of plant species of the
hypothetical historical plant community (table 28). 
Similarity index of range condition on the ungrazed
area was 19.1%, poor condition, indicating that the
relative percent herbage dry weight of plant species
of the current plant community was dissimilar to the
relative percent herbage dry weight of plant species
of the hypothetical historical plant community (table
28).  The current plant community of the ungrazed
area had degraded from the hypothetical historical
silty ecological site plant community 64.4% greater
than the degradation of the current plant community
on the grazed area after 75 years (table 28).

The effects from long-term nongrazing on
the silty ecological site were great after 75 years. 
Native grass herbage biomass decreased 74.9% and
basal cover decreased 90.2% on the ungrazed area. 
Cool season grass, warm season grass, and sedge
herbage biomass decreased 80.0%, 99.7%, and
23.9%, respectively, and basal cover decreased
100.0%, 100.0%, and 79.8%, respectively, on the
ungrazed area.  Domesticated grass herbage biomass
increased 106.1% and basal cover decreased 33.2%
on the ungrazed area.  The silty ecological site had
the greatest domesticated grass basal cover on both
the grazed area and the ungrazed area.  Forb herbage
biomass increased 20.0%, forb density increased
22.1%, and the number of forb species present
decreased 56.3% on the ungrazed area.  The number
of shrub and tree species present increased 500.0%
on the ungrazed area.  Woody plants infested 53.8%
of the area on the ungrazed exclosure.  Total live
plant basal cover decreased 49.4% on the ungrazed
area.  Total live herbage biomass increased 7.1%

37



because the increase in domesticated grasses was
greater than the decrease in native grasses on the
ungrazed area.  Total dead biomass increased 293.6%
on the ungrazed area (tables 20, 21, 22, 23, 24, and
25).  Belowground plant root biomass decreased
32.6% on the ungrazed area (table 26).  Rhizosphere
biomass decreased 4.7% on the ungrazed area
because the rate of rhizosphere biomass decrease on
the ungrazed area was only slightly greater than the
rate of rhizosphere biomass decrease on the grazed
area (table 26).  Mineral nitrogen decreased 9.9% on
the ungrazed area (table 27).

Similarity indices of herbage biomass, basal
cover, forb density, and shrubs present were 30.4%,
59.7%, 31.8%, and 16.7%, respectively.  Similarity
indices of shrubs and trees present indicated that the
plant communities on the grazed area and on the
ungrazed area were dissimilar.  Similarity indices of
herbage biomass and forb density indicated that the
plant communities on the grazed area and on the
ungrazed area were more dissimilar than similar. 
Similarity index of basal cover indicated that the
plant comminities on the grazed area and on the
ungrazed area were more similar than dissimilar
because both the grazed area and ungrazed area had
greatly decreased native grass basal cover and had
greatly increased domesticated grass basal cover. 
Similarity index of range condition indicated that the
current plant community on the ungrazed area had
degraded 64.4% greater than the current plant
community on the grazed area. 
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Figure 12.  Silty Ecological Site, located in Sec. 3, T 138 N, R 101 W, exclosure of 14.10 acres, built in 1938,            
                  looking North.



Figure 13.  Silty Ecological Site, located in Sec. 3, T 138 N, R 101 W, exclosure of 14.10 acres, built in 1938,            
                  looking East.



Figure 14.  Silty Ecological Site, located in Sec. 3, T 138 N, R 101 W, exclosure of 14.10 acres, built in 1938,                   
                  looking South.



Table 20.  Herbage biomass (lbs/ac) and relative composition (%) for native rangeland on the reference areas in the       
                 Little Missouri River Badlands, 1936-2011.

Herbage Biomass Relative Composition

Site: Silty lbs/ac
Grazed

lbs/ac
Exclosure

%
Difference

%
Grazed

%
Exclosure

%
Difference

Domesticated
 Cool Season 692.91 1427.91 +106.07 41.37 79.63 +92.48

Native Cool Season 506.66 101.33 -80.00 30.25 5.65 -81.32

Native Warm Season 201.24
    0

.71 -99.65 12.02 0.04 -99.67

Sedges 149.14 113.46 -23.93 8.90 6.33 -28.88

Native Grass 857.04 215.50 -74.86 51.17 12.02 -76.51

Total Grass 1549.94 1643.42 +6.03 92.54 91.64 -0.97

Forbs 124.88 149.86 +20.00 7.46 8.36 +12.06

Total Live 1674.82 1793.28 +7.07 71.27 40.30 -43.45

Standing Dead 112.04 494.52 +341.38 4.77 11.11 +132.91

Litter 563.03 2162.21 +284.03 23.96 48.59 +102.80

Total Dead 675.07 2656.73 +293.55 28.73 59.70 +107.80

Total Live & Dead 2349.89 4450.01 +89.37

Similarity Index of Herbage Biomass

Similarity Index 30.4% (More dissimilar than similar)
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Table 21.  Basal cover (%) and relative composition (%) for native rangeland on the reference areas in the Little    
                 Missouri River Badlands, 1936-2011.

Basal Cover Relative Composition

Site: Silty %
Grazed

%
Exclosure

%
Difference

%
Grazed

%
Exclosure

%
Difference

Domesticated
 Cool Season 17.45 11.65 -33.24 58.07 76.64 +31.98

Native Cool Season 3.25 0.00 -100.00 10.82 0.00 -100.00

Native Warm Season 2.75 0.00 -100.00 9.15 0.00 -100.00

Sedges 5.70 1.15 -79.82 18.97 7.57 -60.09

Native Grass 11.70 1.15 -90.17 38.94 7.57 -80.56

Total Grass 29.15 12.80 -56.09 97.00 84.21 -13.19

Forbs 0.90 2.40 +166.67 2.99 15.79 +428.09

Woody Species 0.00 0.00 - 0.00 0.00 -

Total Live 30.05 15.20 -49.42 31.87 15.20 -52.31

Litter 64.25 84.80 +31.98 68.13 84.80 +24.47

Total Live & Dead 94.30 100.00

Similarity Index of Basal Cover

Similarity Index 59.7% (More similar than dissimilar)
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Table 22.  Forb density (#/0.10 m2) and relative composition (%) for native rangeland on the reference areas in      
                 the Little Missouri River Badlands, 1936-2011.

Density Relative Composition

Site: Silty #/0.10 m2

Grazed
#/0.10 m2

Exclosure
%

Difference
%

Grazed
%

Exclosure
%

Difference

Late Succession Forbs 5.12 12.56 +145.31 48.85 98.13 +100.88

Mid Succession Forbs 3.20 0.24 -92.50 30.53 1.88 -93.84

Early Succession Forbs 2.16 0.00 -100.00 20.61 0.00 -100.00

Woody Species 0.00 0.00 - 0.00 0.00 -

Total Live 10.48 12.80 +22.14

Similarity Index of Forb Density

Similarity Index 31.8% (More dissimilar than similar)
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Table 23.  Shrub density (#/1.0 m2) and relative composition (%) for native rangeland on the reference areas in the        
                 Little Missouri River Badlands, 1936-2011.

Density Relative Composition

Site: Silty #/1.0 m2

Grazed
#/1.0 m2

Exclosure
%

Difference
%

Grazed
%

Exclosure
%

Difference

Artemisia cana 0.00 0.00 - 0.00 0.00 -

Rosa arkansana 0.00 0.00 - 0.00 0.00 -

Symphoricarpos
occidentalis 0.00 0.00 - 0.00 0.00 -

Total Live 0.00 0.00 -

Table 24.  Shrubs, cacti, and trees present on the reference areas in the Little Missouri River Badlands, 1936-                
                 2011.

Silty

Grazed Exclosure

Artemisia cana X

Juniperus communis X

Juniperus horizontalis X

Prunus virginiana X

Rhus trilobata X

Rosa arkansana X X

Shepherdia argentea X

Symphoricarpos
occidentalis

X X

Yucca glauca X

Opuntia polyacantha X

Fraxinus pennsylvanica X

Juniperus scopulorum X

Similarity Index of Shrubs Present

Similarity Index 16.7%   (Dissimilar)
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Figure 15.  Silty Ecological Site, exclosure with increased woody vegetation.



Figure 16.  Silty Ecological Site exclosure with Woody shrub and tree infested plant communities and Nonwoody              
                  grass plant communities in the Little Missouri River Badlands, 1936-2011.

Table 25.  Woody shrub and tree infested plant communities and Nonwoody grass plant communites in the Little          
                 Missouri River Badlands, 1936-2011.

Major Plant Communities

Site: Silty

Total Exclosure Area
Nonwoody

Grass
Woody

Shrub and Tree Infested

Acres 14.10 6.52 7.58

Percentage 46.23 53.77

Determined by ArcGIS mapping procedures.



Table 26.  Belowground biomass for plant root weight (lbs/ac and kg/m3) and rhizosphere weight (lbs/ac and kg/m3)     
                 for native rangeland on the reference areas in the Little Missouri River Badlands, 1936-2011.

Belowground Biomass

Site: Silty lb/ac
 Grazed

kg/m3

Grazed
lbs/ac

Exclosure
kg/m3

Exclosure
%

Difference

Root Biomass 33,757.52 24.82 22,754.37 16.73 -32.59

Rhizosphere Biomass 188,549.76 138.63 179,641.15 132.08 -4.72

Table 27.  Soil available mineral nitrogen, nitrate and ammonium, (lbs/ac and mg/kg) for native rangeland on the          
                 reference areas in the Little Missouri River Badlands, 1936-2011.

Nitrate-Ammonium (NO3-NH4)

Site: Silty lbs/ac
Grazed

mg/kg
Grazed

lbs/ac
Exclosure

mg/kg
Exclosure

%
Difference

Mineral Nitrogen 46.62 14.29 42.02 12.88 -9.87

Nitrate 11.00 3.37 10.00 3.07 -9.09

Ammonium 35.62 10.92 32.02 9.81 -10.11

Table 28.  Similarity index of range condition for the grazed area and ungrazed area on the reference areas in the          
                 Little Missouri River Badlands, 1936-2011.  

Ecological 
Reference Area Similarity Index of Range Condition

Grazed Area Ungrazed Area % Difference

Silty 53.6 19.1 -64.4

Low Good Poor
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Overflow Ecological Site

The Overflow Ecological Site (figures 17,
18, and 19) was classified by Hanson and Whitman
(1938) as the Sagebrush Type with silver sage,
western wheatgrass, blue grama, needle and thread,
and green needlegrass as the major vegetation.  The
silt loam soil was the Havrelon series, fine-loamy,
mixed (calcareous), frigid Typic Ustifluvents.  The
plant community and belowground characteristics
data after 75 years of treatment are on tables 29 to 37
and figures 20 and 21.

Herbage biomass of native grasses was
1753.31 lbs/ac on the grazed area and 1090.39 lbs/ac
on the ungrazed area, with a 37.8% decrease on the
ungrazed area.  Herbage biomass of cool season
grasses, warm season grasses, and sedges decreased
31.9%, 63.0%, and 94.7%, respectively, on the
ungrazed area.  Herbage biomass of domesticated
grasses was 12.13 lbs/ac on the grazed area and
211.94 lbs/ac on the ungrazed area, with a 1647.2%
increase on the ungrazed area.  Herbage biomass of
forbs was 239.06 lbs/ac on the grazed area and 99.90
lbs/ac on the ungrazed area, with a 58.2% decrease on
the ungrazed area.  Native cool season grasses had the
greatest herbage biomass on both the grazed area and
the ungrazed area.  Total live herbage biomass was
2004.50 lbs/ac on the grazed area and 1402.22 lbs/ac
on the ungrazed area, with a 30.1% decrease on the
ungrazed area.  Standing dead biomass was 300.43
lbs/ac on the grazed area and 1351.56 lbs/ac on the
ungrazed area, with a 349.9% increase on the
ungrazed area.  Litter was 648.66 lbs/ac on the grazed
area and 1497.85 lbs/ac on the ungrazed area, with a
130.9% increase on the ungrazed area.  Total dead
biomass was 949.09 lbs/ac on the grazed area and
2849.41 lbs/ac on the ungrazed area, with a 200.2%
increase on the ungrazed area (table 29).  The total
aboveground plant biomass was comprised of 67.0%
dead biomass on the ungrazed area.  The ungrazed
area has 103.2% greater total dead biomass than total
live herbage biomass.   

Relative composition of native grass
biomass was 87.5% on the grazed area and 77.8% on
the ungrazed area, with an 11.1% decrease on the
ungrazed area.  Composition of cool season grasses,
warm season grasses, and sedges decreased 2.7%,
46.9%, and 92.5%, respectively, on the ungrazed
area.  Composition of domesticated grass biomass
was 0.6 % on the grazed area and 15.1% on the
ungrazed area, with a 2377.1% increase on the
ungrazed area.  Composition of forb biomass was
11.9% on the grazed area and 7.1% on the ungrazed
area, with a 40.3% decrease on the ungrazed area. 

Composition of total live herbage biomass was 67.9%
on the grazed area and 33.0% on the ungrazed area,
with a 51.4% decrease on the ungrazed area. 
Composition of total dead biomass was 32.1% on the
grazed area and 67.0% on the ungrazed area, with a
108.6% increase on the ungrazed area (table 29). 
Similarity index of herbage biomass was 42.8%
indicating that the composition of biotype categories
on the grazed area and on the ungrazed area were
more dissimilar than similar (table 29).  

Basal cover of native grasses was 23.7% on
the grazed area and 4.2% on the ungrazed area, with
an 82.3% decrease on the ungrazed area.  Basal cover
of cool season grasses, warm season grasses, and
sedges decreased 78.5%, 96.7%, and 91.7%,
respectively, on the ungrazed area.  Basal cover of
domesticated grasses was 0.2% on the grazed area
and 4.7% on the ungrazed area, with a 2225.0%
increase on the ungrazed area.  Western wheatgrass,
needle and thread, and blue grama had the greatest
basal covers on the grazed area and Kentucky
bluegrass and western wheatgrass had the greatest
basal covers on the ungrazed area.  Total live basal
cover was 25.1% on the grazed area and 9.5% on the
ungrazed area, with a 62.2% decrease on the
ungrazed area (table 30). 

Basal cover of mid grasses, short grasses,
and upland sedges were 18.4%, 4.7%, and 0.6%,
respectively, on the grazed area and were 4.0%,
0.2%, and 0.1%, respectively, on the ungrazed area. 
Mid grass, short grass, and upland sedge basal cover
decreased 78.3%, 96.8%, and 91.7%, respectively, on
the ungrazed area.  Basal cover of mid grasses, short
grasses, and upland sedges were greater on the grazed
area and basal cover of domesticated grasses was
greater on the ungrazed area.

Basal cover of native grasses with short
shoots and basal leaves was 11.8% on the grazed area
and 0.3% on the ungrazed area, with 97.5% decrease
on the ungrazed area.  Basal cover of native grasses
with long shoots and stem leaves was 12.0% on the
grazed area and 3.9% on the ungrazed area, with a
67.4% decrease on the ungrazed area.  Grasses with
short shoots and basal leaves protect the soil and
restrict invasion by undesirable plants.  The high
losses of grasses with short shoots and basal leaves
provided the open spaces for the great increase of
domesticated grasses on the ungrazed area.

Relative composition of native grass basal
cover was 94.4% on the grazed area and 44.2% on
the ungrazed area, with a 53.2% decrease on the
ungrazed area.  Composition of cool season grasses,
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warm season grasses, and sedges decreased 43.2%,
91.2%, and 77.8%,  respectively, on the ungrazed
area.  Composition of domesticated grass basal cover
was 0.8% on the grazed area and 49.0% on the
ungrazed area, with a 6018.8% increase on the
ungrazed area (table 30).  Similarity index of basal
cover was 46.2% indicating that the importance value
of the grass species on the grazed area and on the
ungrazed area were more dissimilar than similar
(table 30).   

Total forb density was 11.9 forbs/0.10 m2 on
the grazed area and 5.2 forbs/0.10 m2 on the ungrazed
area, with a 56.7% decrease on the ungrazed area. 
The forb component was composed mostly of native
plants, 87.2% on the grazed area and 64.3% on the
ungrazed area, and introduced forbs comprised 12.8%
on the grazed area and 35.7% on the ungrazed area. 
Leafy spurge comprised 5.4% of the forb component
on the ungrazed area.  Density of late and mid
succession forbs decreased 82.1% and 44.9%,
respectively, and density of early succession forbs
increased 21.1% on the ungrazed area (table 31). 
Eight late succession forbs grew only on the grazed
area and were not present on the ungrazed area (table
42).  The ungrazed area had a 52.9% decrease in the
number of forb species present.  Black medic,
american vetch, and dandelion had the greatest
densities on the grazed area and blue wild lettuce,
collomia, and western yarrow had the greatest
densities on the ungrazed area.  Blue wild lettuce had
the greatest increase of the forbs on the ungrazed
area.

Relative composition of late, mid, and early
succession forb density was 54.4%, 32.9%, and
12.8%, respectively, on the grazed area and 22.5%,
41.9%, and 35.7%, respectively, on the ungrazed
area.  Composition of late succession forbs decreased
58.7% and composition of mid and early succession
forbs increased 27.3% and 179.7%, respectively, on
the ungrazed area (table 31).  Relative composition of
forbs was mostly late succession forbs on the grazed
area and was mostly mid and early succession forbs
on the ungrazed area.  Similarity index of forb density
was 23.8% indicating that the importance value of the
forb species on the grazed area and on the ungrazed
area were nearly dissimilar (table 31).  

Shrub density was 0.16 shrubs/1.0 m2 on the
grazed area and 3.16 shrubs/1.0 m2 on the ungrazed
area, with a 1875.0% increase on the ungrazed area
(table 32).  This quantitative method greatly
undersampled the woody plants located within the
exclosure and on the grazed area.  Compilation of the
woody species present list identified two shrub

species on the grazed area and two shrub species and
two tree species on the ungrazed area (table 33). 
Similarity index of woody shrubs and trees present
was 50.0% indicating that the number of woody
species present on the grazed area and on the
ungrazed area were half similar (table 33).  A greater
number of woody species and a vastly greater number
of individual woody plants were present on the
ungrazed exclosure than were on the grazed area
(figure 20).  The ArcGIS mapping procedures
identified 0.40 acres (13.8%) of nonwoody grass
plant communities and 2.50 acres (86.2%) of woody
shrub and tree infested plant communities on the 2.90
acre Overflow Ecological Site exclosure (figure 21
and table 34).  The woody plant communities occupy
a greater proportion of the ungrazed exclosure.

After 75 years of seasonlong grazing, the
aboveground vegetation biomass on the grazed area
consisted of 32.1% standing dead and litter and
67.9% live herbage.  The live herbage was 0.6%
domesticated grasses, 87.5% native grasses (77.8%
cool season grasses, 6.8% upland sedges, and 2.9%
warm season grasses), and 11.9% forbs.  After 75
years of nongrazing, the aboveground vegetation
biomass on the ungrazed exclosure consisted of
67.0% standing dead and litter and 33.0% live
herbage.  The live herbage was 15.1% domesticated
grasses, 77.8% native grasses (75.7% cool season
grasses, 1.5% warm season grasses, and 0.5% upland
sedges), and 7.1% forbs (table 29). 

Total belowground plant root biomass was
19,517.34 lbs/ac (14.35 kg/m3) on the grazed area
and 15,124.24 lbs/ac (11.12 kg/m3) on the ungrazed
area, with a 22.5% decrease on the ungrazed area
(table 35).  The 22.5% decrease of the total
belowground plant root biomass on the ungrazed area
coincided with the 62.2% decrease of the total
aboveground live plant basal cover on the ungrazed
area. 

Rhizosphere biomass was 212,922.64 lbs/ac
(156.55 kg/m3) on the grazed area and 148,535.81
lbs/ac (109.21 kg/m3) on the ungrazed area, with a
30.2% decrease on the ungrazed area (table 35). 
Basal cover of native grasses was 23.7% on the
grazed area and 4.2% on the ungrazed area.  Basal
cover of domesticated grasses was 0.2% on the
grazed area and 4.7% on the ungrazed area.  The
30.2% decrease of rhizosphere biomass on the
ungrazed area preceded the 82.3% decrease in native
grass basal cover, that was followed by the large
increase in domesticated grass basal cover on the
ungrazed area.
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The total available soil mineral nitrogen of
nitrate and ammonium was 58.23 lbs/ac on the grazed
area and 51.03 lbs/ac on the exclosure, with a
decrease of 12.4% on the ungrazed exclosure.  The
quantity of total mineral nitrogen was greater on the
grazed area than on the exclosure.  The quantities of
mineral nitrogen were not significantly different on
the grazed area and the exclosure.  The quantity of
nitrate was 9.67 lbs/ac on the grazed area and 14.33
lbs/ac on the exclosure, with an increase of 48.2% on
the ungrazed exclosure.  The quantity of ammonium
was 48.56 lbs/ac on the grazed area and 36.70 lbs/ac
on the exclosure, with a decrease of 24.4% on the
ungrazed exclosure (table 36).  The exclosure had
greater nitrate and lower ammonium and the grazed
area had lower nitrate and greater ammonium.  The
greater quantities of nitrate appear to be related to the
greater quantities of easily decomposed labile roots of
domesticated grasses.  The exclosure had greater
domesticated grass basal cover.  The greater
quantities of ammonium appear to be related to the
greater quantities of native grass roots and greater
rhizosphere biomass.

Similarity index of range condition on the
grazed area was 52.7%, low good condition,
indicating that the relative percent herbage dry weight
of plant species of the current plant community was
slightly more similar than dissimilar to the relative
percent herbage dry weight of plant species of the
hypothetical historical plant community (table 37). 
Similarity index of range condition on the ungrazed
area was 36.1%, low fair condition, indicating that the
relative percent herbage dry weight of plant species
of the current plant community was more dissimilar
than similar to the relative percent herbage dry weight
of plant species of the hypothetical historical plant
community (table 37).  The current plant community
of the ungrazed area had degraded from the
hypothetical historical overflow ecological site plant
community 31.6% greater than the degradation of the
current plant community on the grazed area after 75
years (table 37).

The effects from long-term nongrazing on
the overflow ecological site were great after 75 years. 

Native grass herbage biomass decreased 37.8% and
basal cover decreased 82.3% on the ungrazed area. 
Cool season grass, warm season grass, and sedge
herbage biomass decreased 31.9%, 63.0%, and
94.7%, respectively, and basal cover decreased
78.5%, 96.70%, and 91.7%, respectively, on the
ungrazed area.  Domesticated grass herbage biomass
increased 1647.2% and basal cover increased
2225.0% on the ungrazed area.  Forb herbage
biomass decreased 58.2%, forb density decreased
56.7%, and the number of forb species present
decreased 52.9% on the ungrazed area.  The number
of shrub and tree species present increased 100.0%
on the ungrazed area.  Woody plants infested 86.2%
of the area on the ungrazed exclosure.  Total live
plant basal cover decreased 62.2% on the ungrazed
area.  Total live herbage biomass decreased 30.1%
because the decrease in native grasses was greater
than the increase in domesticated grasses on the
ungrazed area.  Total dead biomass increased 200.2%
on the ungrazed area (tables 29, 30, 31, 32, 33, and
34).  Belowground plant root biomass decreased
22.5% on the ungrazed area (table 35).  Rhizosphere
biomass decreased 30.2% on the ungrazed area (table
35).  Mineral nitrogen decreased 12.4% on the
ungrazed area (table 36).

Similarity indices of herbage biomass, basal
cover, forb density, and shrubs present were 42.8%,
46.2%, 23.8%, and 50.0%, respectively.  Similarity
index of forb density indicated that the plant
communities on the grazed area and on the ungrazed
area were nearly dissimilar.  Similarity indices of
herbage biomass and basal cover indicated that the
plant communities on the grazed area and on the
ungrazed area were more dissimilar than similar. 
Similarity index of woody shrubs and trees present
indicated that the plant communities on the grazed
area and on the ungrazed area were half similar. 
Similarity index of range condition indicated that the
current plant community on the ungrazed area had
degraded 31.6% greater than the current plant
community on the grazed area. 

51



Figure 17.  Overflow Ecological Site, located in Sec. 11, T 138 N, R 101 W, exclosure of 2.90 acres, built in 1937,    
                  looking North.



Figure 18.  Overflow Ecological Site, located in Sec. 11, T 138 N, R 101 W, exclosure of 2.90 acres, built in 1937,    
                  looking East.



Figure 19.  Overflow Ecological Site, located in Sec. 11, T 138 N, R 101 W, exclosure of 2.90 acres, built in 1937,    
                  looking South.



Table 29.  Herbage biomass (lbs/ac) and relative composition (%) for native rangeland on the reference areas in     
                 the Little Missouri River Badlands, 1936-2011.

Herbage Biomass Relative Composition

Site: Overflow lbs/ac
Grazed

lbs/ac
Exclosure

%
Difference

%
Grazed

%
Exclosure

%
Difference

Domesticated
 Cool Season 12.13 211.94 +1647.24 0.61 15.11 +2377.05

Native Cool Season 1559.93 1061.84 -31.93 77.82 75.73 -2.69

Native Warm Season 57.80 21.41 -62.96 2.88 1.53 -46.88

Sedges 135.58 7.14 -94.73 6.76 0.51 -92.46

Native Grass 1753.31 1090.39 -37.81 87.47 77.76 -11.10

Total Grass 1765.45 1302.32 -26.23 88.07 92.88 +5.46

Forbs 239.06 99.90 -58.21 11.93 7.12 -40.32

Total Live 2004.50 1402.22 -30.05 67.87 32.98 -51.41

Standing Dead 300.43 1351.56 +349.88 10.17 31.79 +212.59

Litter 648.66 1497.85 +130.91 21.96 35.23 +60.43

Total Dead 949.09 2849.41 +200.23 32.13 67.02 +108.59

Total Live & Dead 2953.59 4251.63 +43.95

Similarity Index of Herbage Biomass

Similarity Index 42.8% (More dissimilar than similar)
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Table 30.  Basal cover (%) and relative composition (%) for native rangeland on the reference areas in the Little    
                 Missouri River Badlands, 1936-2011.

Basal Cover Relative Composition

Site: Overflow %
Grazed

%
Exclosure

%
Difference

%
Grazed

%
Exclosure

%
Difference

Domesticated
 Cool Season 0.20 4.65 +2225.00 0.80 48.95 +6018.75

Native Cool Season 18.60 4.00 -78.49 74.10 42.11 -43.17

Native Warm Season 4.50 0.15 -96.67 17.93 1.58 -91.19

Sedges 0.60 0.05 -91.67 2.39 0.53 -77.82

Native Grass 23.70 4.20 -82.28 94.42 44.21 -53.18

Total Grass 23.90 8.85 -62.97 95.22 93.16 -2.16

Forbs 1.20 0.65 -45.83 4.78 6.84 +43.10

Woody Species 0.00 0.00 - 0.00 0.00 -

Total Live 25.10 9.50 -62.15 25.10 9.50 -62.15

Litter 74.90 90.50 +20.83 74.90 90.50 +20.83

Total Live & Dead 100.00 100.00

Similarity Index of Basal Cover

Similarity Index 46.2% (More dissimilar than similar)
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Table 31.  Forb density (#/0.10 m2) and relative composition (%) for native rangeland on the reference areas in      
                 the Little Missouri River Badlands, 1936-2011.

Density Relative Composition

Site: Overflow #/0.10 m2

Grazed
#/0.10 m2

Exclosure
%

Difference
%

Grazed
%

Exclosure
%

Difference

Late Succession Forbs 6.48 1.16 -82.10 54.36 22.48 -58.65

Mid Succession Forbs 3.92 2.16 -44.90 32.89 41.86 +27.27

Early Succession Forbs 1.52 1.84 +21.05 12.75 35.66 +179.69

Woody Species 0.00 0.00 - 0.00 0.00 -

Total Live 11.92 5.16 -56.71

Similarity Index of Forb Density

Similarity Index 23.8% (Nearly dissimilar)
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Table 32.  Shrub density (#/1.0 m2) and relative composition (%) for native rangeland on the reference areas in      
                 the Little Missouri River Badlands, 1936-2011.

Density Relative Composition

Site: Overflow #/1.0 m2

Grazed
#/1.0 m2

Exclosure
%

Difference
%

Grazed
%

Exclosure
%

Difference

Artemisia cana 0.16 3.16 +1875.00 100.00 100.00 -

Rosa arkansana 0.00 0.00 - 0.00 0.00 -

Symphoricarpos
occidentalis 0.00 0.00 - 0.00 0.00 -

Total Live 0.16 3.16 +1875.00

Table 33.  Shrubs, cacti, and trees present on the reference areas in the Little Missouri River Badlands, 1936-         
                2011.

Overflow

Grazed Exclosure

Artemisia cana X X

Symphoricarpos
occidentalis

X X

Fraxinus pennsylvanica X

Populus deltoides X

Similarity Index of Shrub Present

Similarity Index 50.0%   (Half similar)
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Figure 20.  Overflow Ecological Site, exclosure with increased woody vegetation.



Figure 21.  Overflow Ecological Site exclosure with Woody shrub and tree infested plant communities and                 
                  Nonwoody grass plant communities in the Little Missouri River Badlands, 1936-2011.

Table 34.  Woody shrub and tree infested plant communities and Nonwoody grass plant communites in the Little   
                 Missouri River Badlands, 1936-2011.

Major Plant Communities

Site: Overflow

Total Exclosure Area
Nonwoody

Grass
Woody

Shrub and Tree Infested

Acres 2.90 0.40 2.50

Percentage 13.80 86.20

Determined by ArcGIS mapping procedures.



Table 35.  Belowground biomass for plant root weight (lbs/ac and kg/m3) and rhizosphere weight (lbs/ac and          
                kg/m3) for native rangeland on the reference areas in the Little Missouri River Badlands, 1936-2011.

Belowground Biomass

Site: Overflow lb/ac
 Grazed

kg/m3

Grazed
lbs/ac

Exclosure
kg/m3

Exclosure
%

Difference

Root Biomass 19,517.34 14.35 15,124.24 11.12 -22.51

Rhizosphere Biomass 212,922.64 156.55 148,535.81 109.21 -30.24

Table 36.  Soil available mineral nitrogen, nitrate and ammonium, (lbs/ac and mg/kg) for native rangeland on the   
                 reference areas in the Little Missouri River Badlands, 1936-2011.

Nitrate-Ammonium (NO3-NH4)

Site: Overflow lbs/ac
Grazed

mg/kg
Grazed

lbs/ac
Exclosure

mg/kg
Exclosure

%
Difference

Mineral Nitrogen 58.23 17.84 51.03 15.64 -12.36

Nitrate 9.67 2.96 14.33 4.39 48.19

Ammonium 48.56 14.88 36.70 11.25 -24.42

Table 37.  Similarity index of range condition for the grazed area and ungrazed area on the reference areas in the   
                 Little Missouri  River Badlands, 1936-2011.  

Ecological 
Reference Area Similarity Index of Range Condition

Grazed Area Ungrazed Area % Difference

Overflow 52.7 36.1 -31.6

Low Good Low Fair

61



Mean of Four Ecological Sites

The mean effects from long-term nongrazing
on the mixed grass prairie plant communities of the
four reference area exclosures established by Dr.
Warren C. Whitman in 1936 were great after 75
years.  Data from the respective sample categories
were combined to determine the means of four
ecological sites.  The mean plant community and
belowground characteristics data after 75 years of
treatment are on tables 38 to 50 and figure 22. 

Mean herbage biomass of native grasses was
1368.51 lbs/ac on the grazed areas and 508.09 lbs/ac
on the ungrazed areas, with a 62.9% decrease on the
ungrazed areas.  Herbage biomass of cool season
grasses, warm season grasses, and sedges decreased
58.7%, 86.5%, and 55.6%, respectively, on the
ungrazed areas.  Herbage biomass of domesticated
grasses was 176.26 lbs/ac on the grazed areas and
1024.55 lbs/ac on the ungrazed areas, with a 481.3%
increase on the ungrazed areas.  Herbage biomass of
forbs was 173.77 lbs/ac on the grazed areas and
180.72 lbs/ac on the ungrazed areas, with a 4.0%
increase on the ungrazed areas.  Native cool season
grasses had the greatest herbage biomass on the
grazed areas and domesticated grasses had the
greatest herbage biomass on the ungrazed areas. 
Total live herbage biomass was 1718.53 lbs/ac on the
grazed areas and 1713.35 lbs/ac on the ungrazed
areas, with a 0.3% decrease on the ungrazed areas. 
The mean decrease in native grasses and the mean
increase in domesticated grasses were about the same
on the ungrazed areas.  Standing dead biomass was
192.32 lbs/ac on the grazed areas and 613.16 lbs/ac
on the ungrazed areas, with a 218.8% increase on the
ungrazed areas.  Litter was 346.81 lbs/ac on the
grazed areas and 1273.78 lbs/ac on the ungrazed
areas, with a 267.3% increase on the ungrazed areas. 
Total dead biomass was 539.13 lbs/ac on the grazed
areas and 1886.94 lbs/ac on the ungrazed areas, with
a 250.0% increase on the ungrazed areas.  The total
aboveground plant biomass was comprised of 52.4%
dead biomass on the ungrazed areas (table 38).

Mean relative composition of native grass
biomass was 79.6% on the grazed areas and 29.7% on
the ungrazed areas, with a 62.8% decrease on the
ungrazed areas.  Composition of cool season grasses,
warm season grasses, and sedges decreased 58.6%,
86.4%, and 55.4%, respectively, on the ungrazed
areas.  Composition of domesticated grass biomass
was 10.3% on the grazed areas and 59.8% on the
ungrazed areas, with a 482.9% increase on the
ungrazed areas.  Composition of forb biomass was
10.1% on the grazed areas and 10.6% on the

ungrazed areas, with a 4.4% increase on the ungrazed
areas.  Composition of total live herbage biomass was
76.1% on the grazed areas and 47.6% on the
ungrazed areas, with a 37.5% decrease on the
ungrazed areas.  Composition of total dead biomass
was 23.9% on the grazed areas and 52.4% on the
ungrazed areas, with a 119.5% increase on the
ungrazed areas (table 38).  Mean similarity index of
herbage biomass was 26.1% indicating that the
composition of biotype categories on the grazed areas
and on the ungrazed areas were more dissimilar than
similar (table 38).  

Mean basal cover of native grasses was
24.2% on the grazed areas and 7.0% on the ungrazed
areas, with a 77.2% decrease on the ungrazed areas. 
Basal cover of cool season grasses, warm season
grasses, and sedges decreased 80.2%, 92.7%, and
33.5%, respectively, on the ungrazed areas.  Basal
cover of domesticated grasses was 4.5% on the
grazed areas and 7.0% on the ungrazed areas, with a
56.2% increase on the ungrazed areas.  Native warm
season grasses and cool season grasses had the
greatest basal covers on the grazed area and
domesticated grasses had the greatest basal cover on
the ungrazed area.  Total live basal cover was 30.0%
on the grazed areas and 15.2% on the ungrazed areas,
with a 49.5% decrease on the ungrazed areas (table
39).

Mean relative composition of native grass
basal cover was 80.6% on the grazed areas and
46.0% on the ungrazed areas, with a 42.9% decrease
on the ungrazed areas.  Composition of cool season
grasses and warm season grasses decreased 60.7%
and 85.5%, respectively, and composition of sedges
increased 31.7% on the ungrazed areas.  Composition
of domesticated grass basal cover was 14.8% on the
grazed areas and 45.8% on the ungrazed areas, with a
209.1% increase on the ungrazed areas (table 39). 
Mean similarity index of basal cover was 47.3%
indicating that the importance value of the grass
species on the grazed areas and on the ungrazed areas
were more dissimilar than similar (table 39). 

Mean basal cover of native grasses with
short shoots and basal leaves was 20.5% on the
grazed areas and 5.3% on the ungrazed areas, with a
74.4% decrease on the ungrazed areas.  Mean relative
composition of grasses with short shoots and basal
leaves decreased 47.3% on the ungrazed areas.  Mean
basal cover of native grasses with long shoots and
stem leaves was 3.7% on the grazed areas and 1.7%
on the ungrazed areas, with a 53.2% decrease on the
ungrazed areas.  Mean relative composition of grasses
with long shoots and stem leaves decreased 3.8% on
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the ungrazed areas.  Grasses with short shoots and
basal leaves protect the soil from erosion and high
levels of solar radiation and maintain a closed
community that restricts invasion by undesirable
plants.  High losses of grasses with short shoots and
basal leaves on the ungrazed areas created large areas
of open spaces available for invasion by domesticated
cool season grasses.  Mean basal cover and mean
relative composition of domesticated grasses
increased 56.2% and 221.1%, respectively, on the
ungrazed areas (table 40).

Mean total forb density was 13.0 forbs/0.10
m2 on the grazed areas and 7.8 forbs/0.10 m2 on the
ungrazed areas, with a 39.8% decrease on the
ungrazed areas.  The forb component was composed
mostly of native plants, 90.5% on the grazed area and
93.7% on the ungrazed area, and introduced forbs
composed 9.5% on the grazed area and 6.3% on the
ungrazed area.  Density of late and early succession
forbs decreased 52.0% and 60.2%, respectively, and
density of mid succession forbs increased 35.9% on
the ungrazed areas (table 41).  Twenty late succession
forbs grew only on the grazed areas and were not
present on the ungrazed areas (table 42).  The
ungrazed areas had a 53.1% decrease in the number
of forb species present.

Mean relative composition of late, mid, and
early succession forb density was 75.7%, 14.8%, and
9.5%, respectively, on the grazed areas and 60.4%,
33.3%, and 6.3%, respectively, on the ungrazed areas. 
Composition of late and early succession forbs
decreased 20.2% and 33.8%, respectively, and
composition of mid succession forbs increased
126.0% on the ungrazed areas (table 41).  Relative
composition of forbs was mostly late succession forbs
on the grazed area and mostly late and mid succession
forbs on the ungrazed areas.  Mean similarity index of
forb density was 27.3% indicating that the importance
value of the forb species on the grazed areas and on
the ungrazed areas were more dissimilar than similar
(table 41).  

Shrub density was greatly undersampled by
the 1.0 m2 quadrat method within the four exclosures. 
Compilation of the woody species present list
identified three shrub species and two cacti species on
the four grazed areas and nine shrub species, two
cacti species, and three tree species on the four
ungrazed areas (table 43).  Mean similarity index of
woody shrubs and trees present was 33.2% indicating
that the number of woody species present on the
grazed areas and on the ungrazed areas were more
dissimilar than similar (table 43).  A greater number
of woody species and a greater number of individual

woody plants were present on the ungrazed
exclosures than were on the grazed areas.  The woody
shrub and tree infested plant communities composed
54.4% and the nonwoody grass plant communities
composed 45.6% of the sandy, shallow, and silty
ecological site exclosures.  The woody shrub and tree
infested plant communities composed 86.2% and the
nonwoody grass plant communities composed 13.8%
of the overflow ecological site exclosure.  The woody
plant communities occupy an extraordinary quantity
of the four reference area ungrazed exclosures (table
44).  

The quantity of woody shrubs and trees
growing on the Little Missouri National Grasslands in
1936 is not known.  However, the aerial photographic
record of shrub occupancy of Lostwood National
Wildlife Refuge was compiled by Smith (1988) and
reported that in the mid to late 1930's, only about 5%
of the upland landscape area was occupied by shrubs. 
Assuming a similar 5% shrub cover in 1936, the
shrub infestation on the sandy, shallow, and silty
ecological site ungrazed exclosures expanded a mean
of 988.0% during 75 years.

Mean total belowground plant root biomass
was 36,103.68 lbs/ac (26.54 kg/m3) on the grazed
areas and 23,485.42 lbs/ac (17.27 kg/m3) on the
ungrazed areas, with a 35.0% decrease on the
ungrazed areas (table 45).  The 35.0% decrease of the
total belowground plant root biomass on the ungrazed
areas coincided with the 49.5% decrease of the total
aboveground live plant basal cover on the ungrazed
areas.  The percent decrease in total live plant basal
cover was greater than the percent decrease in total
root biomass on the ungrazed areas because the root
biomass samples included an unknown proportion of
dead material that required several years to
decompose.  

Mean rhizosphere biomass was 210,399.67
lbs/ac (154.69 kg/m3) on the grazed areas and
173,041.30 lbs/ac (127.23 kg/m3) on the ungrazed
areas, with a 17.8% decrease in the ungrazed areas
(table 46).  The 17.8% decrease of rhizosphere
biomass on the ungrazed areas preceded the 77.2%
decrease in native grass basal cover, that was
followed by the 56.2% increase in domesticated grass
basal cover on the ungrazed areas.  The sandy and
overflow ecological sites showed standard responses
of rhizosphere organisms to seasonlong grazing with
mean rhizosphere biomass of 222,756.12 lbs/ac
(163.78 kg/m3) on the grazed areas and showed
antagonistic responses to nongrazing with mean
rhizosphere biomass of 144,815.96 lbs/ac (106.48
kg/m3) on the ungrazed area, with a 35.0% decrease
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on the ungrazed areas (table 46 and figure 22).  The
silty ecological site showed a long-term degradation
on the grazed area, with only a 4.7% decrease in
rhizosphere biomass on the ungrazed area.  The
shallow ecological site showed an accelerated
decrease in rhizosphere biomass due to degradation
of the grazed area in the recent past, with a 6.9%
decrease in rhizosphere biomass on the grazed area
(table 46 and figure 22).

The mean quantity of mineral nitrogen on
the four ecological sites was 42.37 lbs/ac on the
grazed areas and 39.46 lbs/ac on the ungrazed areas,
with a 6.9% decrease on the ungrazed exclosures
(table 47).  The quantity of mineral nitrogen was
greater on the grazed areas of the sandy, silty, and
overflow ecological sites.  Rangeland ecosystem
biogeochemical processes with rhizosphere organisms
that cycle nitrogen need to function at rates that
provide 100 lbs/ac to 165 lbs/ac of mineral nitrogen
to produce the potential quantity of herbage biomass
(Wight and Black 1972, 1979).  Nitrogen deficiency
exists in mix grass prairie ecosystems when quantities
of soil mineral nitrogen are available at less than 100
lbs/ac.

The effects from long-term nongrazing on
the four ecological sites were great after 75 years
(table 48).  Native grass mean herbage biomass
decreased 62.9% and mean basal cover decreased
77.2% on the ungrazed areas.  Cool season grass,
warm season grass, and sedge mean herbage biomass
decreased 58.7%, 86.5%, and 55.6%, respectively,
and mean basal cover decreased 80.2%, 92.7%, and
33.5%, respectively, on the ungrazed areas. 
Domesticated grass mean herbage biomass increased
481.3% and mean basal cover increased 56.2% on the
ungrazed areas.  Forb mean herbage biomass
increased 4.0%, forb mean total density decreased
39.8%, and the number of forb species present
decreased 53.1% on the ungrazed areas.  Late and
early succession forb mean density decreased 52.0%
and 60.2%, respectively, and mid succession forb
mean density increased 35.9% on the ungrazed areas.  

The total number of woody shrub and tree species
present increased 180.0% and the number of
individual woody plants greatly increased on the
ungrazed areas.  The woody shrub and tree infested
plant communities occupied 54.4% of the area on the
sandy, shallow, and silty ecological site exclosures
and occupied 86.2% of the area on the overflow
ecological site exclosure.  Mean total live plant basal
cover decreased 49.5% on the ungrazed areas. 
However, mean total live herbage biomass decreased
only 0.3% as a result of the mean decrease on native
grass herbage biomass and the mean increase in
domesticated grass herbage biomass were about the
same on the ungrazed areas.  Mean total dead
biomass increased 250.0% on the ungrazed areas
(table 48).  Mean belowground plant root biomass
decreased 35.0% on the ungrazed areas (table 45). 
Mean rhizosphere biomass decreased 17.8% on the
ungrazed areas (table 46).  Mean mineral nitrogen
decreased 6.9% on the ungrazed areas (table 47).

Mean similarity indices of herbage biomass,
basal cover, forb density, and shrubs present were
26.1%, 47.3%, 27.3%, and 33.2%, respectively (table
49).  All mean similarity indices indicated that the
plant communities on the grazed areas and on the
ungrazed areas were more dissimilar than similar.  

Mean similarity index of range condition on
the grazed areas was 58.6%, low good condition,
indicating that the current grazed plant communities
were slightly more similar than dissimilar to the
hypothetical historical plant communities (table 50). 
Mean similarity index of range condition on the
ungrazed areas was 28.0%, low fair condition,
indicating that the current ungrazed plant
communities were much more dissimilar than similar
to the hypothetical historical plant communities (table
50).  The current plant communities on the ungrazed
areas had degraded from the hypothetical historical
plant communities 51.3% greater than the degradation
of the current plant communities on the grazed areas
after 75 years (table 50). 
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Table 38.  Mean herbage biomass (lbs/ac) and mean relative composition (%) for native rangeland on the four       
                 reference areas in the Little Missouri River Badlands, 1936-2011.

Mean Herbage Biomass Mean Relative Composition

Site: Mean of Four lbs/ac
Grazed

lbs/ac
Exclosure

%
Difference

%
Grazed

%
Exclosure

%
Difference

Domesticated
 Cool Season 176.26 1024.55 +481.27 10.26 59.80 +482.85

Native Cool Season 863.28 356.45 -58.71 50.23 20.80 -58.59

Native Warm Season 235.85 31.93 -86.46 13.72 1.86 -86.44

Sedges 269.38 119.71 -55.56 15.68 6.99 -55.42

Native Grass 1368.51 508.09 -62.87 79.63 29.65 -62.77

Total Grass 1544.77 1532.64 -0.79 89.89 89.45 -0.49

Forbs 173.77 180.72 +4.00 10.11 10.55 +4.35

Total Live 1718.53 1713.35 -0.30 76.12 47.59 -37.48

Standing Dead 192.32 613.16 +218.82 8.52 17.03 +100.00

Litter 346.81 1273.78 +267.28 15.36 35.38 +130.34

Total Dead 539.13 1886.94 +250.00 23.88 52.41 +119.47

Total Live & Dead 2257.65 3600.29 +59.47

Mean Similarity Index of Herbage Biomass

Similarity Index 26.1% (More dissimilar than similar)
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Table 39.  Mean basal cover (%) and mean relative composition (%) for native rangeland on the four reference     
                 areas in the Little Missouri River Badlands, 1936-2011.

Mean Basal Cover Mean Relative Composition

Site: Mean of Four %
Grazed

%
Exclosure

%
Difference

%
Grazed

%
Exclosure

%
Difference

Domesticated
 Cool Season 4.45 6.95 +56.18 14.81 45.78 +209.12

Native Cool Season 8.26 1.64 -80.15 27.50 10.80 -60.73

Native Warm Season 8.85 0.65 -92.66 29.46 4.28 -85.47

Sedges 7.05 4.69 -33.48 23.47 30.90 +31.66

Native Grass 24.20 6.98 -77.16 80.56 45.98 -42.92

Total Grass 28.56 13.93 -51.23 95.07 91.77 -3.47

Forbs 1.41 1.24 -12.06 4.69 8.17 +74.20

Woody Species 0.01 0.01 - 0.03 0.07 -

Total Live 30.04 15.18 -49.47 30.67 15.37 -49.89

Litter 67.91 83.56 +23.05 69.33 84.63 +22.07

Total Live & Dead 97.95 98.74 +0.81

Mean Similarity Index of Basal Cover

Similarity Index 47.3% (More dissimilar than similar)

Table 40.  Mean basal cover (%) and mean relative composition (%) for native grasses with short shoots and        
                 long shoots on the four reference areas in the Little Missouri River Badlands, 1936-2011.

Mean Basal Cover Mean Relative Composition

Mean of Four
Ecological Sites

%
Grazed

%
Exclosure

%
Difference

%
Grazed

%
Exclosure

%
Difference

Short Shoots 
   Basal Leaves 20.51 5.26 -74.35 71.69 37.79 -47.29

Long Shoots
   Stem Leaves 3.65 1.71 -53.15 12.76 12.28 -3.76

Domesticated
Grasses 4.45 6.95 +56.18 15.55 49.93 +221.09

Total Grasses 28.61 13.92 -51.35 95.37 91.73 -3.82
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Table 41.  Mean forb density (#/0.10 m2) and mean relative composition (%) for native rangeland on the four         
                 reference areas in the Little Missouri River Badlands, 1936-2011.

Mean Density Mean Relative Composition

Site: Mean of Four #/0.10 m2

Grazed
#/0.10 m2

Exclosure
%

Difference
%

Grazed
%

Exclosure
%

Difference

Late Succession Forbs 9.85 4.73 -51.98 75.65 60.41 -20.15

Mid Succession Forbs 1.92 2.61 +35.94 14.75 33.33 +125.97

Early Succession Forbs 1.23 0.49 -60.16 9.45 6.26 -33.76

Woody Species 0.02 0.00 - 0.15 0.00 -

Total Live 13.02 7.83 -39.86

Mean Similarity Index of Forb Density

Similarity Index 27.3% (More dissimilar than similar)

67



Table 42.  Late succession forbs growing only on the grazed areas of the four reference areas on the Little Missouri 
                 River Badlands, 1936-2011.

Ecological Sites

Sandy Shallow Silty Overflow

Antennaria neglecta Pussytoes X X X

Aster ericoides White prairie aster X X

Cerastium arvense Prairie chickweed X

Chrysopsis villosa Hairy golden aster X

Erigeron strigosus Daisy fleabane X X

Haplopappus spinulosus Spiny ironweed X

Linum rigidum Yellow flax X X

Lithospermum incisum Narrow-leaved puccoon X X

Lygodesmia juncea Skeleton weed X

Oenothera serrulata Tooth-leaved evening primrose X

Penstemon albidus White beardtongue X

Phlox hoodii Hood's phlox X

Plantago patagonica Wooly plantain X

Polygala alba White milkwort X

Potentilla pensylvanica Cinquefoil X

Ratibida columnifera Long-headed coneflower X X X

Senecio plattensis Prairie ragwort X

Solidago rigida Stiff goldenrod X

Viola nuttallii Nutall's violet X

Viola pedatifida Prairie violet X
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Table 43.  Shrubs, cacti, and trees present on the four reference areas in the Little Missouri River Badlands, 1936- 
                 2011.

Four Ecological Sites

Grazed Exclosure

Artemisia cana X X

Juniperus communis X

Juniperus horizontalis X

Prunus virginiana X

Rhus trilobata X

Rosa arkansana X X

Shepherdia argentea X

Symphoricarpos occidentalis X X

Yucca glauca X

Escobaria vivipara X X

Opuntia polyacantha X X

Fraxinus pennsylvanica X

Juniperus scopulorum X

Populus deltoides X

Mean Similarity Index of Shrubs Present

Similarity Index 33.2%   (More dissimilar than similar)

Table 44.  Acres and percentages of nonwoody and woody plant communities on the four exclosure areas in the       
                 Little Missouri River Badlands, 1936-2011.

Ecological Site

Exclosure Total
Area
Acres

Nonwoody 
Acres

Woody
Acres

Nonwoody
%

Woody
%

Sandy 6.27 2.93 3.34 46.67 53.33

Shallow west 4.90 2.15 2.75 43.90 56.10

Silty 14.10 6.52 7.58 46.23 53.77

Mean of 3 8.42 3.87 4.55 45.60 54.40

Overflow 2.90 0.40 2.50 13.80 86.20
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Table 45.  Belowground plant root biomass (pounds per acre and kilograms per cubic meter) on the four reference   
                 areas in the Little Missouri River Badlands, 1936-2011.  

Ecological 
Reference Area

lbs/ac
Grazed

kg/m3

Grazed 
lbs/ac

Exclosure
kg/m3

Exclosure
%

Difference

Sandy 44,175.84 32.48 19,517.34 14.35 -55.82

Shallow 46,964.03 34.53 36,545.71 26.87 -22.18

Silty 33,757.52 24.82 22,754.37 16.73 -32.59

Overflow 19,517.34 14.35 15,124.24 11.12 -22.51

Mean of Four 36,103.68 26.54 23,485.42 17.27 -34.95

Table 46.  Rhizosphere biomass (pounds per acre and kilograms per cubic meter) on the four reference areas in the  
                 Little Missouri River Badlands, 1936-2011.  

Ecological 
Reference Area

lbs/ac
Grazed

kg/m3

Grazed
lbs/ac

Exclosure
kg/m3

Exclosure
%

Difference

Sandy 232,589.59 171.01 141,096.10 103.74 -39.34

Shallow 207,536.67 152.59 222,892.13 163.88 +7.40

Silty 188,549.76 138.63 179,641.15 132.08 -4.72

Overflow 212,922.64 156.55 148,535.81 109.21 -30.24

Mean of Four 210,399.67 154.69 173,041.30 127.23 -17.76

Table 47.  Soil available mineral nitrogen, nitrate and ammonium, (lbs/ac and mg/kg) for native rangeland on the     
                 four reference areas in the Little Missouri River Badlands, 1936-2011.

Nitrate-Ammonium (NO3-NH4)

Ecological
Reference Area

lbs/ac
Grazed

mg/kg
Grazed

lbs/ac
Exclosure

mg/kg
Exclosure

%
Difference

Sandy 31.52 9.66 23.52 7.21 -25.38

Shallow 33.12 10.15 41.26 12.64 +24.58

Silty 46.62 14.29 42.02 12.88 -9.87

Overflow 58.23 17.84 51.03 15.64 -12.36

Mean of Four 42.37 12.98 39.46 12.09 -6.87
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Table 48.  Percent difference in plant community characteristics on the ungrazed area of the four rangeland              
                 reference areas in the Little Missouri River Badlands, 1936-2011.

Plant Community
Characteristics

Sandy 
Ecological Site

Shallow 
Ecological Site

Silty 
Ecological Site

Overflow 
Ecological Site

Mean of Four
Ecological Sites

Herbage Biomass

Native Grass -69.3 -83.3 -74.9 -37.8 -62.9

Cool Season -70.2 -96.1 -80.0 -31.9 -58.7

Warm Season -78.2 -98.3 -99.7 -63.0 -86.5

Sedges -59.8 -46.2 -23.9 -94.7 -55.6

Domesticated Grass +100.0 +100.0 +106.1 +1647.2 +481.3

Forbs +6.3 +72.4 +20.0 -58.2 +4.0

Total Live -3.3 +41.5 +7.1 -30.1 -0.3

Total Dead +123.1 +1273.9 +293.6 +200.2 +250.0

Basal Cover

Native Grass -62.5 -63.8 -90.2 -82.3 -77.2

Cool Season -49.2 -88.7 -100.0 -78.5 -80.2

Warm Season -84.6 -98.2 -100.0 -96.7 -92.7

Sedges -39.2 +1.9 -79.8 -91.7 -33.5

Domesticated Grass +3700.0 +100.0 -33.2 +2225.0 +56.2

Total Live -43.8 -45.3 -49.4 -62.2 -49.5

Forb Density

Late Succession -75.8 -82.6 +145.3 -82.1 -52.0

Mid Succession +980.0 +1533.3 -92.5 -44.9 +35.9

Early Succession -88.9 -90.9 -100.0 +21.1 -60.2

Total Live -40.4 -58.4 +22.1 -56.7 -39.8

Species Present -53.9 -50.0 -56.3 -52.9 -53.1

Shrub Density

Species Present +166.7 +250.0 +500.0 +100.0 +180.0

% Woody Area 53.3 56.1 53.8 86.2
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Table 49.  Similarity indices comparing plant communities the grazed areas and the ungrazed areas on the four        
                 reference areas in the Little Missouri River Badlands, 1936-2011.  

Ecological 
Reference Area

Similarity Index of
Herbage Biomass

%

Similarity Index of
Basal Cover

%

Similarity Index of
Forb Density

%

Similarity Index of
Shrubs Present

%

Sandy 18.9 49.0 42.8 37.5

Shallow 12.3 34.2 10.8 28.6

Silty 30.4 59.7 31.8 16.7

Overflow 42.8 46.2 23.8 50.0

Mean of Four 26.1 47.3 27.3 33.2

Table 50.  Similarity index of range condition for the grazed areas and ungrazed areas on the four reference areas    
                 in the Little Missouri River Badlands, 1936-2011.  

Ecological 
Reference Area Similarity Index of Range Condition

Grazed Area Ungrazed Area % Difference

Sandy 59.8 36.8 -38.4

Low Good Low Fair

Shallow 68.4 20.1 -70.6

Good Poor

Silty 53.6 19.1 -64.4

Low Good Poor

Overflow 52.7 36.1 -31.6

Low Good Low Fair

Mean of Four 58.6 28.0 -51.3

Low Good Low Fair
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