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Plant Species Diversity, Drought,

and a Grazing System on the

Arizona Strip
By Lee E. Hughes

On the Ground

• Maintaining plant diversity under livestock graz-
ing and long droughts is a challenge in arid
rangelands.

• Maintaining the plant diversity can and has been
done through rotation grazing and movement of
cattle from pasture to pasture at a trigger point.

• The trigger point is utilization levels of between
40% and 50% of annual growth of forage
plants.
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ne of the plant ecological and range management
goals on western rangelands is to maintain a
healthy plant species composition to provide a
year-round supply of good forage for all animals

and cover for watersheds. What is good species composition?
The Ecological Site Guides1 provide guidance on the quality
and quantity of the species for a particular site. The occurrence
of cool season grasses, warm season grasses, browse, shrubs,
and a variety of forbs on rangeland site provides value. Of even
more value is a system that maintains good diversity while in a
long drought. Expected diversity is now detailed in Ecological
Site Guides to help guide field managers in setting expected
levels of plant species composition. There has been ample
research and experimental grazing research2,3 published on
how to accomplish healthy rangelands, but applying research
on the ground has been harder to put into practice for many
reasons (drought, water availability, and lack of management).
There are, however, ranches and operations that have put good
practices into their daily operations. One such allotment is the

Mt Trumbull Allotment located on the Arizona Strip District
of the Bureau of Land Management.

Location and Description of the Mt Trumbull
Allotment

The Mt Trumbull allotment is located 58 miles south of
St. George, UT, on the Arizona Strip District of the Bureau
of Land Management. The four summer pastures (Rim,
North and South Stockade, Boys) are above the Hurricane
Cliffs. The three spring/fall pastures (Whitmore, Side of the
Mountain, and 160) are below the Cliffs. The two Frog and
Cane pastures are in the inner gorge of the Grand Canyon and
are used in the winter.4

The total acreage of the allotment is about 33,000 acres,
which includes public lands, state lands, and private land.
The elevation ranges from 3,300 feet to almost 7,000 feet.5

Precipitation averages 13.1 inches per year at the Side of the
Mountain precipitation gauge (Fig. 1).6 The allotment goes
from the upper Mojave Desert shrubs to the pinyon forests.
The allotment has a large acreage that is pinyon and juniper
woodland and some of this was chained and seeded. The desert
grasslands on the allotment are in the chained areas. This can be
seen in the Side of the Mountain trend picture (Fig. 2) of the
key area where the vegetation monitoring is done.

The Rim Pasture’s key area is in the Pinyon woodland,
which was chained and seeded in the late 1960s and early
1970s. The trees are slowly returning into the key area
(Fig. 3). Sagebrush openings and meadows are scattered
through the woodlands. The desert shrub and creosote bush
country all occur at the lower elevation Frog and Cane
pasture of the allotment.

Livestock

The basic operation is 144 head of cattle yearlong and
rotating through the pastures on a seasonal basis as described.
It is a cow/calf setup. The allotment has belonged to the Orvel
Bundy family, (Fig. 4) since the 1960s, before which his father
owned the ranch.7

O
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The Grazing System
The summer/early fall grazing system is a rest rotation

system; the spring, late fall, and winter pastures are on a
deferred grazing system (Tables 1 and 2). The management of

the pastures is flexible in accordance with forage available, so
some pastures will have slightly altered periods of use in some
years. The grazing systemofmoving cattle from the low-elevation
country used in the winter to intermediate-elevation pastures in

Figure 1. Percent of average precipitation 1992 to 2014. The precipitation data are from the Side of the Mountain precipitation gauge, which is the only
gauge on the allotment. The gauge is read every 3 months for four readings a year. The average precipitation is determined by a running average from 1992
to the present and changes each year. The average is 13.15 inches. The bar graphs show the percent of average per year on the x-axis, and the overall
percent average is on the y-axis.

Figure 2. Trend photos for Side of the Mountain Pasture in 1984 and 2012.
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the spring to the high-elevation pastures in the summer was
started in the late 1960s. (The spring use pastures are also used in
the fall.) In the 1960s and 1970s, the large land treatments began
as planned in the management plan. Cross fencing for the three
upper pastures (Rim, North, and South Stockade) occurred in

the 1970s along with the other range improvements to
implement the rest rotation grazing system as planned.

The 160 pasture and Boys pasture are two small pastures
on private and state land and are used in a flexible manner
during the summer, fall, and spring.

Figure 3. Rim pasture trend photographs for 1980 and 2007.

Figure 4. The late Orvel Bundy with sons Clay and Bill on their ranch on the Arizona Strip.
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The Monitoring Studies
The trend and utilization monitoring studies on the

allotment have Pace Frequency and Dry Weight Rank8

methods. The Pace FrequencyMethod is used to track species

frequency as it changes over the years. The Dry Weight Rank
Method is used to determine species composition for Ecological
Site Seral Stage Status. The Grazed Class Method9 was used for
the utilization monitoring. See the Box on Vegetation

Table 1. The summer/fall rest rotation by pasture

Year Year 1 Year 2 Year 3

Early Summer Mid-Summer Late Summer/Fall

Rim Graze Graze Rest

North Stockade Graze Rest Graze

South Stockade Rest Graze Graze

Note. Repeat cycle every 3 years.

Table 2. The deferred rotation system

Pasture Spring Winter

Whitmore Graze Rest
Repeat every other year

Side of the Mountain Rest Graze
Repeat every other year

Early winter use Late winter use

Frog and Cane #1 Graze Rest
Repeat every other year

Frog and Cane #2 Rest Graze
Repeat every other year

Box: Vegetation Measurement

The two methods we used to measure vegetation were Pace Frequency and Dry Weight Rank.8 The Pace Frequency
transects are done over about a 1-acre area using four 50-plot transects. The center line is marked by two steel fence posts,
and two transects are conducted on each side of the center line. The plot used is 39 × 39 cm and has a point in the frame to
tally ground cover (live vegetation, litter, bare ground, and rock). The plot counts herbaceous vegetation if rooted within
the plot boundaries. Woody vegetation is counted if it is rooted in or overhangs into the plot.
Dry Weight Rank is used to get weight estimates by rank. It measures the three heaviest plants in the plot. The heaviest
plant is given the rank of 70%, the second heaviest is ranked at 20%, and the third is ranked as 10%. If there is only one
plant in the plot, it is given all three rankings for a total of 100%. The composition data from the dry weight rank is then
compared with the Ecological Site Guides in the USDA Natural Resource Conservations Service publication of the Soil
Survey of Mojave County, Arizona. The composition data gathered are compared to the Potential Natural Community
data table for the site. The pasture site is scored. If the species composition data gathered added up to less than 25% of
expected species it falls in to early seral stage, 25% to 50% of expected species is the mid-seral stage, 51% to 75% of
expected species falls into the late seral stage, and above 76% of expected species is potential natural community.
Utilization studies use the Grazed Class Method9 where the level of utilization on forage species is classed as slight at 0%
to 20%, light at 20% to 40%, moderate at 40% to 60%, heavy at 60% to 80%, and severe at ≥80%. The level of use is
based on percentage of height of grass removed. Photo guides are available to help evaluate use.
See Table 4 for the seral stage determinations for the Side of the Mountain pasture.
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Measurement for details. Precipitation was monitored on the
allotment by one gauge in the Side of theMountain pasture. The
gauge was established in 1992. See Figure 1 for details.

Range Improvements
This allotment has numerous improvements such as dirt

reservoirs, asphalt bidem catchments (asphalt is sprayed on a
bidem mat that serves as an apron to catch water), spring
developments and large land treatments such as chainings
(8,000 ac) and seeding, tebuthiuron treatment areas that have
been completed since the 1960s.

The improvements were all made to facilitate the grazing
system and make for a well-managed livestock operation.

Plant Frequency Trends
Over the last 50 years of rotation grazing, land treatments, and

other range improvements, a diverse plant species frequency and
composition has been maintained. The frequency monitoring
studies done from 1984 to 2012 have shown the diversity of plant
species (Figs. 5 and 6). The Side of theMountain Pasture is one of
the representative pastures to demonstrate the 30-year trend data.
The Rim Pasture is the highest elevation of all the pastures. There
are six other pastures and their trend transects. The other trend
transects demonstrate the similar plant species trends. The

drought has affected all pastures and their plant species trends.
The drought years shown in Figure 1 span from 1998 to 2014.
The 2 years of 2005 and 2011 were above-normal wet years
among the otherwise dry years. The 2 years of 2007 and 2012
show plant species frequency during this dry period. The trend on
forage species on Side of the Mountain pasture, such as Needle
and Thread grass (see Table 3 for scientific names of plants) and
Galleta grass are up from the 1980s, while Three Awn, Indian
Rice Grass, Ephedra Tea, and Squirreltail were maintaining a
static level historically and during the drought. Blue Grama has a
down trend. Perhaps, BlueGramawas replaced byGalleta, which
is quite dominant. Both are warm season grasses and respond to
warm season precipitation. The non-forage species such as
Rabbit brush, Snakeweed, and Juniper are static with small
variations in quantity on years read. The trend for many of the
species showed the biggest increases in the period from 1984 to
1998, which was wetter than 1998 to 2012. However, over 30
years the species are largely static.

Figure 6 demonstrates the trend of Rim Pasture. The
frequency trend in this pasture shows Blue Grama, Squirrel-
tail, Sagebrush, and Snakeweed having an upward trend,
whereas Galleta and Needle and Thread are more static,
during 2007 and 2012. An interesting note is the Wheat-
grasses (crested and intermediate), which were seeded after
the chaining in 1960s and 1970s, were present to the 1990

Figure 6. Rim pasture frequency plant species frequency trend. The years are color coded in the bars. The species are listed on the x-axis and the percent
frequency on the y-axis.

Figure 5. Side of the Mountain pasture plant species frequency trend. The years are color coded in the bars. The species are listed on the x-axis and the
percent frequency on the y-axis.
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reading, but were reduced in frequency in the following years. The
seeded wheatgrasses are still present, but in small frequencies. The
seeded grasses decreased from 13% to 18% frequency to an
undetectable frequency. The native grass species seem to maintain
frequencies better under the drought conditions. The native
Western Wheat Grass is present at 1% to 2% amounts. The
significant shrub species Sagebrush and Snakeweed have been static
through the years. Visually, the Pinyon and Juniper are increasing,
but frequency remains low at about 10%. The years between 1984
and 1990 show the biggest increases inmany of the species shown in
the Rim pasture, due to more precipitation in the 1980s and 1990s.

Discussion
The reason for the diverse plant community and the trends

discussed above show species increasing and decreasing, all of
which is natural variation with precipitation levels. Generally,
species increase with more rain the and decrease with less rain.
Grazing has an impact on plant species, but the above discussion
shows that plant species change in quantity every year the trendwas
determined. Pinpointing the effect of grazing management is the
challenge.The allotmenthas had seasonalmovement of cattle from
low-elevation pastures to high-elevation pastures for decades. It
appears that even with a long ongoing drought (1998-2012) the
native plant species on this allotment have withstood grazing at the
level (below 50%) received in the all pastures. Rotating cattle and
leaving pastures to be rested from grazing for periods of time may
help maintain forage species, but that is hard to discern from the
data. The use of forage species on the Rim (Figs. 7 and 8) and Side

Table 4. Side of the Mountain pasture seral stage determination*

Species Dry weight data % Current Ecological site guide data % Score

Rabbit Brush 1 1 1

Green Ephedra 1 1 1

Snakeweed 8 0 0

Juniper 8 10 8

Paper Flower 1 1 1

Three Awn 0 0 0

Blue Grama 1 0 0

Goleta 46 10 10

Indian Rice Grass 3 5 3

Squirreltail 3 0 0

Needle and Thread 23 15 15

Four OClock 2 1 1

Globe Mallow 1 1 1

Total 41 mid seral

* Ecological site: basalt slopes 13-17”.

Table 3. Common plant names and corresponding

scientific names8

Common plant name Scientific name

Sagebrush Artemisia tridentate

Rabbitbrush Chrysothamnus nauseosus

Ephedra Ephedra viridis

Snakeweed Gutierrezia sarothrae

Juniper Juniperus osteosperma

Pinyon Pinus edulis

Wheatgrass Agropyron cristatum and
intermedium

Three Awn Aristida longiseta

Blue Grama Bouteloua gracilis

Indian Rice Grass Achnatherum hymenoides

Galleta Pleuraphis jamesii

Squirreltail Elymus elymoidies

Sand Dropseed Sporobolus cryptandrus

Needle and Thread Hesperostipa comata

Western Wheatgrass Pascopyrum smithii

Globe Mallow Sphaeralcea ambigua

Note. Scientific names from Intermountain Flora.10
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of the Mountain (Fig. 9) pastures from 2000 to 2014 show use of
forage species below the 50% level inmost years during the drought.
(TheSide of theMountain pasture had a large gap in utilizationdata
during the drought years where it was not read. This was due to
non-use by cattle in some years, and data collection was not
undertaken in others years. However, the reasons for lack of data
were only listed in 2003.)

The species frequency has been maintained through the years
by moving the cattle on utilization levels of the forage. As seen in
Figures 7, 8, and 9, the utilization data show that most years’
grazing use on the forage plant’s annual growth has been below
50%. Fifty percent and lower utilization has been found to allow
improvement of species frequency or maintenance of forage
species even in a series of drought years.2,3,5

Figure 9. Available Rim pasture utilization readings from 2000 to 2014.

Figure 7. Utilization data for Side of the Mountain pasture for each plant species on which utilization was read. The plants are shown on the x-axis and
percent utilization on the y-axis. This shows utilization readings available from 1990 to 2011.

Figure 8. Utilization data for Side of the Mountain pasture for each plant species on which utilization was read. The plants are shown on the x-axis and
percent utilization on the y-axis. This shows utilization readings available from 1990 to 2011.
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