
More than 54 million ha in western North
America are dominated by big sagebrush (Arte-
misia tridentata Nutt.; Whitson and Alley 1984).
Late seral or climax sagebrush stands are often
dense and monotypic with limited species rich-
ness, diversity, and herbaceous cover in the
understory (Johnson et al. 1996, West 1999), a
condition due in large part to fire suppression
activities and/or poor grazing management. In
either case decadent, late seral sagebrush com-
munities are left in a stable ecological state that
requires energy input to shift the stand from a
shrub- to a grass-dominated domain (Archer
1989, Laycock 1991). Brush control measures
in decadent sagebrush stands foster intra-com-
munity (α-scale) species richness and diversity
(Olson et al. 1994, Johnson et al. 1996) as well
as landscape patch richness and diversity.

Anecdotal accounts by early residents of the
Dinosaur National Monument, Colorado, area
suggest large areas of the monument were
dominated at that time by native perennial
grasslands. Domestic livestock began grazing
the monument area in the late 1800s, increased
beginning in the 1920s, reached a peak autho-

rized level of 35–40,000 AUMs on 56,000 ha in
the 1940s, and, based on rangeland surveys,
reduced to 5000 AUMs by 1973. Resource
managers believe that intensive grazing pres-
sure during those 2 decades, in coincidence
with the drought of the 1930s and the initiation
of effective fire suppression activities circa
1940, all contributed to a shift from grassland
to big sagebrush–dominated communities.
Under a 1916 Congressional mandate to con-
serve and protect the natural resources of
National Park Service lands, resource man-
agers initiated a complex fire management
program in the early 1980s. The program in-
cludes both strategic prescription burns and
prescribed natural fires. Prescribed natural
fires are defined as natural ignitions allowed
to burn within strict constraints of location,
proximity to monument boundaries, and threats
to life and property. Both ignition sources re-
introduced fire into stable, decadent Wyoming
sagebrush (Artemisia tridentata ssp. wyoming-
ensis Beetle and Young) stands. The goal is 
to shift community composition from brush 
to perennial grassland dominance and foster
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α-scale and landscape diversity in these plant
communities. A post-fire monitoring program
was implemented in 1984 after the 1st pre-
scribed burn with follow-up sampling in suc-
ceeding years. In 1998 the National Park Ser-
vice decided to analyze the post-fire monitor-
ing data collection.

The specific objectives of this project were
to (1) assess plant cover trends in paired burn
and control areas, (2) assess intra-community
(α-scale) plant species richness and diversity
between paired burn and control areas, and
(3) assess species richness similarity between
burned and control species suites.

STUDY AREA

Study sites are within the boundary of Dino-
saur National Monument, Colorado/Utah, on
the east end of the Uinta Mountains in the
northwest corner of Colorado with a small por-
tion in northeastern Utah. The monument is
centered on the confluence of the Green and
Yampa rivers and best described as bench and
canyon topography. Elevations range from
1700 to 2740 m. Annual precipitation ranges
from 20 to 38 cm.

Predominant vegetation type varies by ele-
vation. At lower elevations near springs and
water courses, riparian tree and shrub com-
munities are represented by willows (Salix
sp.), boxelder (Acer negundo L.), narrowleaf
cottonwood (Populus angustifolia James), water
birch (Betula occidentalis Hook.), and Wood’s
rose (Rosa woodsii Lindl.). On drier sites pre-
dominant plant species are basin big sage-
brush, Wyoming big sagebrush, rubber rabbit-
brush (Chrysothamnus nauseosus [Pallus ex
Pursh] Britt.), serviceberry (Amelanchier alni-
folia Nutt.), black greasewood (Sarcobatus ver-
miculatus [Hook.] Torrey), plains prickly pear
(Opuntia polyacantha Haw.), winterfat (Cera-
toides lanata Pursh), sand verbena (Verbena
stricta Vent.), and buckwheat (Eriogonum sp.).
Rocky canyon slopes are characterized as a
pinyon pine (Pinus edulis Engelm.) / juniper
( Juniperus osteosperma [Torrey] Little) wood-
land with mountain mahogany (Cercocarpus
montanus Raf.) and Mormon tea (Ephedra viri-
dis Coville). High-elevation areas are typically
dominated by ponderosa pine (Pinus ponder-
osa Dougl. ex Laws.) and Douglas-fir (Pseudo-
tsuga menziesii [Mirb.] Franco), with scattered
pockets of aspen (Populus tremuloides Michx.). 

Six sites (East Cactus, West Cactus I, West
Cactus II, Success, Iron Springs Bench, and
Dry Woman) having similar elevation, annual
precipitation amounts, soils, and vegetation
were selected for study. Elevation at these
sites is approximately 1950 m with mean annual
precipitation of 20–25 cm. Soils are primarily
Mollisols, formed under grasslands, with a
dominant Wyoming big sagebrush and mixed-
grass community. Forward rates of fire spread
on all 6 sites ranged between 60 and 100 chains
hour–1, with residence time over perennial
grass root crowns less than 20–30 seconds and
surface temperatures less than 120°C. All burns
were initiated during the late growing season
when fine fuel loads were at annual maximum.

METHODS

Accumulated monitoring data sets from the
6 prescribed/natural burn sites in Dinosaur
National Monument were analyzed to deter-
mine fire effects on plant foliar cover and
diversity. Sites and sample years included in
the analysis are listed in Table 1. Percent cover
categories include total vegetation, herbaceous
(combined grass and forb cover), shrub, grass,
forb, litter, and bare ground. For each site
paired burn and control sites were compared
using a paired t test. Cover data were collected
during the peak of the growing season by the
National Park Service and generated from
both Daubenmire quadrat (Daubenmire 1959)
prior to 1992 and optical projection point mea-
surements beginning in 1992 (Winkworth and
Goodall 1962; single or 1st hits were recorded
with the optical device). Percent values were
conditioned for analyses using the arcsine trans-
formation procedure to achieve normal distri-
bution (Zar 1999). Arcsine values were used in
all statistical analyses, but cover is reported as
percent values. Differences were determined
at P ≤ 0.1 on all cover analyses.

Species richness (number of species) was
analyzed with paired t tests and by determin-
ing percent of similarity ([number of shared
species/total species] × 100) between paired
areas on each site by year and all years com-
bined. Diversity (species richness and even-
ness) assessments were performed using cover
data for each identified species in each set of
paired plots by year. A Shannon-Weiner index
value (Shannon and Weaver 1949) was calcu-
lated for each site pair by year and a modified
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t test performed for each paired set of index
values (Zar 1999). When differences in paired
index values occurred, a Bray-Curtis polar
ordination (Gauch 1982) was performed to
assess similarity/dissimilarity of the paired spe-
cies assemblages. Diversity differences were
determined at P < 0.05.

Statistical analyses were performed on all
sites (and years) where data existed for more
than 1 transect. Where only 1 transect was sam-
pled, exact values were recorded and summa-
rized.

RESULTS

Vegetation Cover

Across the monitoring period, mean total
vegetation cover of all combined sites was
44% (control) and 42% (burn). Total vegetation
cover in burn areas was higher than or equal
to paired control areas on all sites within 2–3
years post-burn. The greatest species compo-
sition shifts occurred between shrub and per-
ennial grass components. Shrubs were essen-
tially eliminated in burn areas, but perennial
grass cover was 10%–35% higher compared to
paired control plots. Overall shrub cover was
21% in control areas and zero in burn areas,
while mean grass cover was 32% in burn areas
and 15% in control areas. Foliar cover results
by site and year are shown in Table 1.

EAST CACTUS.—In 1988 (1st post-fire grow-
ing season), the only differences in cover by
vegetation class between paired sites were
bare ground and shrub. In 1989 forb and
shrub cover were both greater in control than
burn areas; no other class comparisons were
significant. Results for 1991 indicate that total
vegetation cover was higher in control than
burn areas, while shrub cover was again greater
in the control area. However, herbaceous cover
was higher in burn areas. By 1992 total vege-
tation cover was higher in the burn area than
control. Herbaceous, forb, and grass cover were
also higher in burn areas than control. The
large increase of herbaceous cover in the burn
area from the previous year (16% to 60%) was
a response to April 1992 precipitation (9.5
cm), 6.5 cm above normal. Shrubs were still
more prevalent in control areas. Results for
1994 show continued trends from 1992. There
was no difference in total vegetation cover;
however, herbaceous and grass cover were
higher in burn areas. Litter was also more

abundant in burn areas due to increased grass
production from the previous 2 years.

WEST CACTUS I.—The 1987 analysis (1st
post-burn growing season) indicated that the
burn was effective in reducing shrub cover and
that the litter component was reduced on the
burn area. There were no differences between
the other classes. In 1988 shrub cover was still
lower in the burn area; however, burn area
grass cover increased over that in the control
area. There was no difference in litter cover,
unlike the previous year. The same trend was
apparent in the 1990 results. Shrub cover was
lower in the burn area and grass cover was
higher. In 1993 shrub cover was again higher
in control areas, and both grass and total
herbaceous cover were higher in burn areas.
The greater herbaceous cover was largely due
to an increase in the grass component.

WEST CACTUS II.—In 1989 and 1990 (1st
and 2nd years post-burn), the only cover dif-
ferences were in the shrub class. However, by
1995 herbaceous and litter cover were higher
in burn than control areas. Bare ground and
shrub cover were greater in the control areas.

SUCCESS.—There were no differences be-
tween cover classes in 1988 (1st year post-
burn). However, variability of mean values and
only 1 degree of freedom probably reduced
the power of the statistical analyses. A visual
comparison of paired means shows that total
vegetation, herbaceous, grass, and litter cover
means are substantially higher in burn areas
while shrub cover is higher in the control area
(Table 1). In 1993 variability was lower (4 df)
and statistical analyses show differences in all
classes except forbs.

IRON SPRINGS BENCH.—In the 1st post-burn
year (1996), analyses indicated differences in all
cover classes. Total vegetation, shrub, and litter
cover were greater in the control area. All other
classes were higher in the burn area. In 1997
herbaceous, grass, forb cover, and bare ground
were higher in the burn area. Shrub cover was
greater in the control area.

DRY WOMAN.—In 1984, 1987, and 1990,
only 1 transect was sampled in each paired area,
making it impossible to perform a statistical
analysis since the lack of replication precluded
calculating a measure of variance. Actual tran-
sect values of each paired area are listed in
Table 1. The burn treatment was successful in
reducing shrub cover, and trends for other
cover classes were similar to the other 5 sites.
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In 1995 we sampled 5 transects in each paired
site, making analyses possible. Results indicated
that total vegetation, herbaceous, grass, and forb
cover were higher in the burn area. Shrub cover
was higher in the control area.

Diversity

Mean numbers of species on combined
control and burn areas were 17 and 18, respec-
tively. Statistical comparisons (t tests) of species
numbers (richness) are displayed in Table 2.
Dry Woman 1995 was the only site where a
difference in species number occurred (P <
0.001) between the control (15) and burn (9)
area.

A summary of percent species similarity
(percent of species shared) between paired
areas by site and year is shown in Table 3.
Actual shared species fluctuated over time at
each site. East Cactus similarity ranged from a
high of 67% in 1988 to a low of 43% in 1992;
West Cactus I ranged from 40% in 1990 to 59%
in 1987; and West Cactus II ranged from 59%
similarity in 1989 to 78% in 1995. Success 1988
and 1993 were 50% and 47% similar, respective-
ly. Iron Springs 1996 was 55% similar, while
Iron Springs 1997 was 71% similar. The Dry
Woman site ranged from 22% similarity in 1984
to 57% in 1990. Combining all years on each of
the 6 sites, East Cactus was 62% similar; West
Cactus I, 44%; West Cactus II, 72%; Success,
44%; Iron Springs, 75%; and Dry Woman, 62%.

Differences in Shannon-Weiner index values
(P < 0.05) occurred in 6 of 20 paired analyses
(Table 4: West Cactus I, 1997; Success 1993;
Iron Springs 1996 and 1997; Dry Woman 1984
and 1995). A Bray-Curtis ordination of these 6
sites is displayed in Figure 1. Even though
these 6 sites have different diversity index val-
ues between paired burn and control areas,
they do ordinate along shrub (x)- and grass (y)-
dominated axes. In all but a single instance
(Dry Woman 1995), control sites ordinate to
the right of each paired burn site, indicating
similar community composition. Dry Woman
1995 again was the only pair exhibiting differ-
ent species richness values (Table 2).

Further investigation of the raw data indi-
cated that community differences fell into 2
general categories. In 5 instances there was a
major component of annual grass species, cheat-
grass (Bromus tectorum L.) and/or six weeks
fescue (Vulpia octoflora [Walt.] Rydb.) measured
in the burn areas at the time of sampling (Dry
Woman 1984, Dry Woman 1995, West Cactus I,
1987, and Iron Springs 1996, 1997). The Dry
Woman site has a continuing history of heavy
spring/summer grazing by domestic animals;
the Iron Springs Bench site also had a spring/
summer grazing history prior to removal in
1985. These grazing histories may have been
partially responsible for the initial invasion and
could have exacerbated proliferation of the
annual brome. The other site, Success 1993,
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TABLE 2. Species richness (mean number of species) and standard errors of paired sites for all areas and sample years.

Site Control Burn df P-value

West Cactus I, 1987 12 (±1) 15 (±0) 1 0.09
West Cactus I, 1988 13 (±0) 16 (±1) 1 0.126
West Cactus I, 1990 18 (±1) 16 (±1) 1 0.295
West Cactus I, 1993 12 (±7) 8 (±0) 4 0.018
East Cactus, 1988 11 (±0) 10 (±1) 1 0.5
East Cactus, 1989 9 (±1) 8 (±1) 1 0.705
East Cactus, 1991 15 (±0) 16 (±1) 1 0.05
East Cactus, 1992 10 (±1) 13 (±1) 2 0.015
East Cactus, 1994 9 (±1) 9 (±0) 2 0.184
Iron Springs, 1996 10 (±1) 11 (±1) 3 0.297
Iron Springs, 1997 16 (±1) 15 (±1) 3 0.613
Success, 1988 8 (±1) 7 (±1) 1 0.5
Success, 1993 9 (±1) 7 (±1) 3 0.103
Dry Woman, 1984 18 12 n/a n/a
Dry Woman, 1987 16 15 n/a n/a
Dry Woman, 1990 24 23 n/a n/a
Dry Woman, 1995 15 (±1) 9 (±1) 4 0.001a

West Cactus II, 1989 13 (±1) 12 (±0) 1 0.5
West Cactus II, 1990 23 (±2) 23 (±2) 1 0.5
West Cactus II, 1995 19 (±1) 18 (±1) 4 0.587

aSignificant at α = 0.05.



exhibited a very large difference in the amount
of cover from needle-and-thread grass (Stipa
comata Trin. & Rupr.) in the burn area.

DISCUSSION

Prescribed burning caused a shift from late
successional, sagebrush-dominated communities
to earlier successional, grassland communities.

This occurred without reducing total vegeta-
tion cover, while improving forage quantity for
large grass-preference ungulates such as elk
(Cervus elaphus) that occur in the monument.
Intra-community (α-scale) diversity has been
maintained. Overall species richness in burn
and control plots was not different, and only a
single instance (Dry Woman 1995) had different
species richness. However, the proportionality
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TABLE 3. Summary of percent plant species similarity ([# shared species / # total species] × 100) between burn and
control areas by site and sample year.

Site Total species Species shared Percent similarity

West Cactus I, 1987 17 10 59
West Cactus I, 1988 22 10 45
West Cactus I, 1990 25 10 40
West Cactus I, 1993 19 11 58
East Cactus, 1988 15 10 67
East Cactus, 1989 14 9 64
East Cactus, 1991 20 12 60
East Cactus, 1992 21 9 43
East Cactus, 1994 19 9 47
Iron Springs, 1996 18 10 56
Iron Springs, 1997 24 17 71
Success, 1988 16 8 50
Success, 1993 19 9 47
Dry Woman, 1984 18 4 22
Dry Woman, 1987 20 10 50
Dry Woman, 1990 23 13 57
Dry Woman, 1995 23 12 52
West Cactus II, 1989 17 10 59
West Cactus II, 1990 33 20 61
West Cactus II, 1995 36 28 78

TABLE 4. Shannon-Weiner diversity index (H′) and t-test summary between all paired sites and sample years.

Site Control H′ Burn H′ df P-value

West Cactus I, 1987 0.72 0.94 80 0.008a

West Cactus I, 1988 0.52 0.72 49 0.09
West Cactus I, 1990 0.66 0.72 54 0.579
West Cactus I, 1993 0.63 0.59 42 0.669
East Cactus, 1988 0.68 0.60 28 0.439
East Cactus, 1989 0.55 0.36 27 0.084
East Cactus, 1991 0.05 0.44 23 0.667
East Cactus, 1992 0.71 0.77 55 0.408
East Cactus, 1994 0.55 0.71 48 0.098
Iron Springs, 1996 0.41 0.85 37 <0.001a

Iron Springs, 1997 0.95 0.76 65 0.024a

Success, 1988 0.52 0.52 33 0.988
Success, 1993 0.63 0.38 40 0.033a

Dry Woman, 1984 0.94 0.71 45 0.01a

Dry Woman, 1987 0.90 0.77 70 0.06
Dry Woman, 1990 0.88 0.86 43 0.841
Dry Woman, 1995 0.81 0.58 64 0.012a

West Cactus II, 1989 0.55 0.39 30 0.205
West Cactus II, 1990 0.90 0.83 39 0.384
West Cactus II, 1995 0.89 0.90 48 0.899

aSignificant at α = 0.05.



of vegetation class has changed from shrub- to
perennial grass–dominated communities. Per-
cent similarity of species richness between
paired areas is somewhat variable by year, but
expected. Similarity should fall within a natural
range of variation since most plant communi-
ties are dynamically affected by amount and
timing of precipitation events that differen-
tially favor selected species (Sharp et al. 1990).
Consequently, a species presence can shift to
absence within and between burn and control
areas across years. Differences in Shannon-
Weiner index values where species numbers
are greater in the burn areas than control are
exceptions to the general trend. A few species
difference may not indicate a difference at all,
but may be an artifact of observer bias, differ-
ent cover assessment methods, and species
area curve influences.

The National Park Service is intervening with
fire before these sagebrush/grass communities
cross a threshold into a very late, decadent,
successional stage with characteristic depau-
perate understories (Laycock 1991, West 1999).
Otherwise, the immediate post-burn response
of the herbaceous component would not be
observed. Landscape diversity has also been
improved by creating an alternating, patchy
sequence of communities rather than the orig-
inal, continuous sagebrush matrix. National Park
Service goals of maintaining fire as an active
ecological process and fostering diversity while

protecting soil and vegetation resources have
been achieved, and implementation of periodic
prescribed burns in these shrub/grassland
communities should be continued. Without
this intervention in the successional process,
these sagebrush/grassland communities will
eventually cross a threshold into a stable state
dominated by shrubs to the near exclusion of
understory vegetation. If wildfire or prescribed
fire is introduced into this community stage,
additional inputs such as reseeding along with
other cultural practices will be necessary. The
Park Service should continue this aggressive,
proactive management approach.
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