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INTRODUCTION

In the western United States the pinyon-juniper type

- occupies approximately 60 million acres (U.S.D.A., Forest Service,
1958). It has been estimated that approximately 30% of the state of
Utah is covered by this vegetation type (Reuss and Blanch, 1951). In

Utah, these stands are dominated primarily by three species: Juniperus

osteosperma, (Torr.) Little (Utah juniper); Pinus edulis Engelm. (two-
needle pinyon); and Pinus monophylla Torr. and Frem. (singleleaf
pinyon). These species occur either in mixed or pure stands.

Since settlement of the Intermountain Region by white man,
the pinyon and juniper trees have greatly expanded their range (Cottam
and Stewart, 1940, Woodbury, 1947, and Cottam, 1961b). Tree expan-
sion has been primarily into the adjacent grass or shrub-grass communi~-
ties. If unchecked, trees on many areas become dominant and eventu-
ally crowd out most herbaceous and shrub species. Under such condi-
tions, the value of the area as range for both livestock and big game
animals greatly decreases.

Due to the expansion of this forest type since settlement,
its ecological status presents an interesting problem and one of
importance to those involved in its management. Reduction of fires

since settlement has been suggested as the primary cause of tree



expansion within the last one hundred years (Huss, 1954, Blackburn and
Tueller, 1970 and Erdman, 1970).

The purpose of this study was to determine the successional
patterns of vegetation following fire in the pinyon-juniper stands of

west central Utah.



LITERATURE REVIEW
Invasion

Pinyon and juniper invasion into shrub-grass or grass
communities has been well documented. This invasion was probably
first called to the attention of most people in Utah by Dr. Walter P.
Cottam. As early as 1929, he pointed out floristic changes that had
occurred since settlement at Mountain Meadows, Washington County,
Utah. Then in 1940, Cottam and Stewart made a detailed study of the
Mountain Meadow area and reported that juniper invasion had occurred
both upward and downward into adjacent sagebrush-grass communities.
Stewart, Cottam and Hutchings (1940) studied the plant communities of
Pine and Wah Wah Valleys of Utah and pointed out the increase of
junipers that had occurred there. Woodbury (1947) documented juniper
invasion in Utah and Arizona and indicated there is evidence of both
intra and interzonal increase in junipers. Plummer (1958) stated that
the pinyon~juniper type had greatly increased in area but indicated the
extent of expansion is not known. It is probably several times what it
was at the time of settlement. Christensen and Johnson (1964) presented
historical observations on the ecology of two valleys in west central

Utah and pointed out the vegetation changes that had occurred in these



valleys since settlement. They concluded that by 1900 brushy species
had replaced much of the original grassy vegetation and Utah juniper
had extendeci its original range. In other studies of vegetation changes
in central Utah valleys (Christensen and Hutchinson, 1965) similar
findings were also reported. In 1971 Murdock and Welsh presented
pictoral e.vidence of juniper invasion in two valleys of westemn Utah.xv
Parker (1971) presented quantitative data on the composition of pinyon-
juniper stands that resulted from invasion in Utah.

Juniper invasiou is also well documented in other western
states. Huss (1954) documented juniper invasion in the Ashe juniper
woodlands of Real County, Texas. Arnold, Jameson and Reid (1964),
Jameson and Reid (1965), and Johnsen (1962) all studied the pinyon-
juniper areas of Arizona. Erdman (1970) studied pinyon-juniper succes-
sion following fire on the ‘Mesa Verde plateau in south western Colorado.
He concluded that recurrent fires throughout previous centuries have
permitted a chaparral-like fire climax to develop. Under the present
policy of fire suppression, pinyon and junipers are invading much of
the area that now supports chaparral-like vegetation. The distribution
and ecology of Utah juniper was studied in Wyoming by Wight and
Fisser (1968). They pointed out that there is evidence of juniper inva-
sion although not extensive at the present time. In Idaho, Burkhart and
Tisdale (1969) studied the successional status of Juniperus occidentalis.
They concluded that juniper invasion is wide-spread throughout west

central Owyhee County; and from age class distribution, it appeared



the invasion process began in the 1860's. In east central Nevada,
Blackburn and Tueller (1970) have documented pinyon and juniper
invasion in black sagebrush communities.

Pinyon and juniper invasion in Utah has also been described
by Pickford (1932), Steward (1941), and Cottam (1947, 196la, 1961b)
and in Arizona by Miller (1921), Leopold (1924), Jameson (1962) and

Johnson, et al. (1962).
Factors Affecting Invasion

A number of workers have advanced opinions as. to causes
for the invasion of grasslands by pinyon and juniper (Foster, 1917;
Leopold, 1924; Pearson, 1931; Cottam and Stewart, 1940; Woodbury,
1947; Cottam, 1961b; Johnsen, 1962; Blackburn and Tueller, 1970; and
Erdman, 1970). The most commonly stated causes are (1) climatic
changes, (2) overgrazing which results in reduced competition between
grasses and seedling pinyon and juniﬁers and (3) fire suppression.

Cottam (1947) discounted the idea that climatic change has
been responsible for pinyon and juniper invasion. He indicated that
dendrochronology data offers no evidence that climate has changed
" appreciably in Utah during the past three centuries. He also pointed
out that precipitation records dating back to 1870 do not support a |
climatic change. Blackburn and Tueller (1970) in their work also
indicate that climatic changes were not the main reason for pinyon-

juniper invasion in east central Nevada. Miller (1921), Cottam and



Stewart (1940) and Jameson (1962), contend that overgrazing has been
responsible for pinyon-juniper invasion through the depletion of the
grasses which resulted in reduced competition. Others, Leopold (1924),
Pearson-(1931), Huss (1954), Johnson, et al. (1962), Blackburn and
Tueller (1970), and Erdman (1970), have indicated that because young
pinyon and juniper trees are so susceptible to fire that the distribution
of the original pinyon-juniper stands were controlled by repeated burning
prior to the time of the white settlers.

Johnsen (1962) in his study on juniper invasion in northem
Arizona grasslands indicated that alone either competition or fire will
not completely prevent juniper invasion of grasslands, but together they
could. He pointed out that during wet years competition for moisture
may be reduced sufficiently to allow juniper seedlings to become estab-
lished in even the densest grasslands. Once the trees become estab- .
lished, grass competition alone will not kill the juniper, but fire would.
Huss (1954) reportéd similar findings in Texas. He indicated that the
overall successional pattern following fire in the Ashe juniper woodlands
of Texas showed a return to juniper woodland regardless of grazing, but
grazing accelerated the successional return to the juniper woodland.

Several authors have pointed out that prior to settlement
the pinyon-juniper forests of Utah were restricted to the foothills and
ridgetops. The benchlands and valley slopes were occupied by climax
grass or sagebrush-grasslands (Cottam and Stewart, 1940; Cottam, 1947,

1961b; Christensen, 1963; Christensen and Johnson, 1964; Christensen



and Hutchinson, 1965). Johnsen (1962) studied juniper invasion in
northern Arizona grasslands . He concluded that many of the bottom
lands that now support seralljuniper communities may have been main-
tained as grasslands by a combination of competition and grass fires.
He further indicated that overgrazing may have had a twofold effect on
the juniper invasion (1) a reduction in the fuel necessary to carry fire,
and (2) a reduction in competition due to the lowered vigor of the
grasses.

Not referring directly to pinyon-juniper lands, Brown (1950),
Sauer (1950), Humphrey (1953, 1958) and Well (1965) maintain that fire
is a natural ecological factor on all grasslands and that grasslands are

not a true climax but rather a subclimax maintained by fire.
Vegetation Changes Following Fire

Seral stages of vegetation following fire in the pinyon-
juniper type have been documented in Texas by Huss (1954), in Arizona
by Arnold, et al. (1964), and by Erdman (1970) in Colorado. In all three
studies the successional stages progressed along approximately the
same lines. Fire followed by an annual weed stage, then a perennial
grass—-forb stage. This was followed by a perennial grass-shrub stage

which terminated in a climax pinyon-juniper woodland.



Dispersal and Establishment

Factors affecting establishment of pinyon and juniper seed-
lings in grass or shrub-grass communities have been investigated by
several researchers. Shading has been reported to be beneficial to the
establishment of pinyon and juniper seedlings (Emerson, 1962; Meagher,
1943; Woodbury, 1947; and Johnsen, 1962). Johnsen (1962), working ;n
Arizona, reported that juniper seedlings were generally found in p;otected
areas such as under tree or shrub canopies or near rocks. He suggested
the beneficial effect of shading was due to improved moisture relations.
Meagher (1943) reported similar results.

The seeds of junipers and pinyons are he avy and fall within
a few feet of the parent plant. Phillips (1910) reported that in Texas,
raccoons, foxes, wildcats, and chipmunks all eat juniper berries and
pass the seeds in their feces. But, he concluded that birds were
responsible for most ;)f the dissemination of juniper see‘ds . Miller (1921)
found that livestock, particularly sheep, disperse juniper seeds on
Arizona grasslands. Rabbits were considered by Wolff (1948) to be
the main agent of dispersal in Texas. He found that almost half of the
féod of jack-rabbits living in juniper country, during the winter months,
consisted of juniper berries. Johnsen (1962) found that seeds which
had passed through the digestive tract of animals germinated faster,

but there was no significant difference in total germination percentage.



Johnsen (1959) found that juniper seeds may remain viable
for many years. After nine years, sixteen percent of the alligator
juniper seeds were still viable. He also reported that after 21 years, 54
percent of the seeds of one-seeded juniper germinated, and that 17 per~
cent of Utah juniper seeds germinated after 45 years. He concluded that

a few years of drought would not seriously affect seed viability.
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LOCATION AND DESCRIPTION OF STUDY AREAS

Data were collected from 17 study sites representing 28
different burns. These sites were located primarily in the pinyon-
juniper stands of the Sheeprock Mountains, which are situated in west
central Utah. A few of the study sites were located in the adjacent
Onaqui and West Tintic Mountains, and one site was located in the
Valley Mountains west of Fayette, Utah. Figure 1 illustrates the general
location of each study site.

The sheeprock Range encompasses an area approximately
twenty miles long and six to ten miles wide, most of which lies within
the Vernon division of the Wasatch National Forest. These mountains
rise to a maximum elevation of 9,000 feet. They are situated at the
south end of Rush Valley and merge with the West Tintic Mountains to
the east. They are separated from the Onaqui Range to the north by
Lookout Pass. On the west, they are bordered by the Simpson Range,
being separated by Erickson Pass. The Sevier Desert lies to the south.
The pinyon-juniper type surrounds the mountain range mainly between
6,000 and 7,800 feet elevation.

The Sheeprock Range is composed chiefly of consolidated
sedimentary rocks of Precambian and Paleozoic age. Several areas of

both intrusive and extrusive rocks are also present. Unconsolidated
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sediments cover much of the foothill region as pediment gravels, lake
deposits and alluvium v(Cohenour, 1954). It is in the foothill region
where most of the pinybn—juniper invasion is occurring.

The pinyon-juniper stands of the Sheeprock Range are
located in a semi-arid climate. The average annual precipitation for a
60 year period (1911-1971) as recorded at the Benmore Weather Station,
is 12.8 inches. The Benmore Station is situated at the lower edge of the
pinyon-juniper zone.

No quantitative data is available on the past or present
grazing use on the areas studied. It is generally agreed that rangelands
in Utah were grazed heavy by domestic livestock during the late 1800's
and for at least the first 30-40 years of the present century. Records
indicate that livestock numbers in Utah reached their peak around the
turn of the century (Pickford, 1932). Glynn Bennion (1924), an early
settler in Rush Valley, indicated that in 1870 upwards of 25,000 head of
cattle and horses were summered and wintered in Rush and Skull Valleys.
He further indicated that by 1924, less than one-tenth that number could

be summered in the same areas.
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METHODS AND PROCEDURES

Aerial photographs, when available, were used to delineate
study areas that had burned. Information on the age of the recent burns
was obtained from the Forest Service, Bureau of Land Management, aﬁd
private individuals. Ages of older burns were estimated, insofar as
possible, from ring counts of old trees that did not burn, together with
ring counts of the invading trees.

Each burn was stratified into subdivisions, prior to sampling,
according to vegetation and relief. Aerial photos and ground reconnais-
sance were used to determine the subdivisions. In 1970, each subdivi-
sion was sampled by at least one transect of ten plots. In 1971, this
was changed to three transects of five plots each.

Data were taken on a series of nested circular plots that
had a common center. Data for trees were obtained from circular 0.0l
acre plots (radius of 11.77 feet). The 0.0l acre plots were delineated
with a 12 foot long éluminum rod marked at a length of 11.77 feet, as
well as one foot intervals with tape. Each tree in the plot was counted
and the 12-foot aluminum rod was used to measure the height and crown
diameter to the nearest 0.5 foot. A tape was used to measure stem
diameter to the nearest 0.1 inch. Trees over 2.1 feet were measured

one foot above ground level. Trees under 2.1 feet were measured at
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ground level. Multiple stems of trees, which were separate and distinct
and one foot from ground level, were individually measured and recorded.

Juniper age for each stand was determined by cutting the
nearest tree to a predetermined point, along a transect line that bisected
the stand. Age: stem diameter, measured at ground level to the nearest
0.1 inch; and height to the nearest 0.5 foot were recorded. These data
were subjected to a linear regression analysis. A regression line wa)s
obtained for both age versus height, and age versus stem diameter.

Trees were also selected which, by their size, indicated ..
they were the youngest in the stand producing seeds. These trees were
aged, and stem diameter and height information were taken as above.
From this, the average minimum age, at which Utah juniper might be
expected to produce seed, was determined.

Shrub density and size classl, by species, were determined
by counts on plots 100 square feet (radius 5.64 feet) in size. A light
chain,k 5.64 feet long, attached to two metal rods, was used to delineate
the plot. In addition, for sagebrush density by vigor class (crown< 50%
dead = 1, crown> 50% dead = 2, and crown fully dead = 3) and estimated
herbage yield, in grams, were recorded. Yield estimates were periodi-
cally checked by clipping the vegetation and weighing with a spring
balance.

A list of all herbaceous species which occurred on a circu~
lar plot ten square feet in size, delineated by a wire hoop, provided

data on frequency.
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The line-point method was used to obtain cover for all shrub
and herbaceous species (Levy and Madden, 1933). This was done using
the aluminum rod for a line and projecting a pin down at one foot inter-

- vals. The 12-foot rod was placed along the transect line first on one

side of the plot center and then on the opposite side, so as to give 25
points per plot. Both shrub overstory and herbaceous understory were
recorded. Bare ground, rock and litter were also recorded. |

Soil samples were collected on selected sites within each
burn. Soil texture was determined by the Bouyoucos (1936) technique.
The pH was determined from a saturated soil paste. An extract was
obtained from the paste and the soluble salt content determined by use
of a solu~bridge (U.S.D.A. 1954).

The data were summarized and placed on computer cards and
subjected to a multiple regression analysis (Snedecor, 1956). The
partial regression coefficients were tested by means of the t-test to
determine the level of significance. Those independent variables which
are highly significant, having a 99% confidence interval (designated by
*%)  or significant, having a 95% confidence interval (designated by *),
are listed in Table 1.

Data from the 28 burns were grouped for further analysis
into nine age-classes based on the age of each burn. The age class
and number of burns for each class (shown in parenthesis) are: 3 (2);

6 (1); 11 3); 22 (3); 36 (6); 46 (1); 71 (2); 86 (5); and 100+ (5). The

“actual age is known for the burns in the first three classes. The age
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was approximated for the remaining burns. The age shown for classes
11, 22, 36, and 86 represent a midpoint year for those burns in each
class. The 100+-year-old-class represents burns which were over 100~
yvears~old, but for which an accurate estimation of age was not deter-
mined. The ages for the 3, 6, 46, and 71-year-old classes are not
midpoint years, but represent actual age of burn. Nomenclature

follows Welsh (1965), except as updated by him (personal communicétion,

1972).
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RESULTS AND DISCUSSION

Trees

Tree crown cover (projected foliar cover), basal area
(square feet/acre), and density (trees/acre) are of high and positive
significance in their relationship to age of burn. The simple correlation
coefficients of these independent variables are also high. The multiple
correlation coefficient is highest for crown cover (Table 1).

Tree crown cover and basal area both increase with the age
of the burn and reach their maximum value in the oldest stands (Table 2).
Tree density does not follow this pattern. It reaches its maximum value
in the 86-year-old burns, then decreases in the older stands (Table 3).
This decrease was probably due to site difference. Most of those
stands that were grouped into the greater than 100-year-old class were
located on sites with shallow rocky soils.

The first 11 years following fire, 0.l trees per acre became
established in the burns studied. On the 46-year-old burn, 96.7 trees
per acre occurred; but the 71-year-old burns supported 280 trees per
acre (Table 3). This is an increase of 183.3 trees per acre over the
46-year-old burn.

The increase in juniper crown cover was slow the first 46



Table 1. Multiple correlation coefficients (r squared) and simple
coefficients for independent variables showing significance as deter-
mined by the t-test when compared to age of burn. ‘

Simple
r correlation

Independent variable squared coefficients = sign
Crown cover of juniper 0.3677 0.6064 *%
Vigor class 3 of sagebrush 0.4396 0.3752 *k
Density of black sagebrush 0.5067 0.2333 *%
Vigor class 2 of sagebrush 0.5305 0.2526 *%
Basal area of juniper 0.5545 0.4450 k%
Total surface coverage 0.5707 -0.1453 *%
Density of juniper 0.5838 0.6058 *%
% surface cover, snowberry 0.5919 -0.0068 *%
% surface cover, snakeweed 0.5987 -0.2402 k%
% surface cover, annual forbs 0.6029 -0.1992 *
% surface cover, perennial forbs 0.6068 -0.0321 *
Density of sagebrush 0.6113 -0.0303 *
% surface cover,misc. shrubs 0.6150 0.0698 *

** Indicates significance at 99% level.

* Indicates significance at the 95% level.



Table 2. Comparative summary of percent crown cover and basal area
for Juniperus osteosperma and Pinus monophylla by age of burn.

Approximate % Basal area
age of burn Crown cover sq. feet/acre
3
6
11 t t
22 0.5 0.6
36 1.2 1.9
46 1.3 1.6
71 16.0 21.5
86 17.2 33.4
100+ 31.8 142.6
0.9° 2.9°

®Piny s monophylla

Table 3. Comparative summary of density for Juniperus osteosperma
and Pinus monophylla by age of burn.

Density, trees/acre

Approximate Height class (feet)

age of burn 0-1 1-4 4-9 9+ Total
3
6
11 0.1 0.0 0.0 0.0 0.1
22 4.1 18.3 6.1 0.0 28.5
36 9.6 43.2 30.4 1.6 84.8
46 12.3 42.2 42,2 0.0 96.7
71 20.0 65.0 140.0 55.0 280.0
86 54.3 61.4 187.1 92.9 395.7
100+ 73.3 36.2 101.2 110.2 320.9
4.78 0.02 6.9a 2.3 13.92

s

@inus monophylla
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years, but increased‘ rapidly during the remaining successional sequence
(Table 2). Basal area followed a similar pattern, but increased more
rapidly as the stands approached maturity (Table 2). Utah juniper starts
to dominate the sites approximately 46 years after the time of burn
(Tables 2, 3, and Figure 2). This corresponds in time when the first
generation trees are producing seeds, and the second generation trees
begin to exert a dominating influence on the understory vegetation.

This results in a rise in juniper cover with a decline in cover of both
sagebrush and perennial grasses (Figure 2).

No trees were found in the plots on either the 3~year-old
burns or 6-year-old burn. One small tree was observed in the 6-year-
old burn, appearently from residual seed. Young juniper trees occurred
on all the older bums sampled. The ages of the trees which occurred
on the l1-year-old burns indicate that most had become established the
first or second year following the fire. Others became established four
or five years later. Junipers that became established immediately
following fire were found under the crown of bumed trees, or immediate-
ly adjacent to such trees. This would indicate that they may have
started from residual seed. Pinyon pine occurred in only one of the

oldest stands.
Shrubs

Sagebrush occurred on all areas samples. It is one of the

first shrub species to appear in an area following fire. This is
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significant since sagebrush does not resprout, following fire, as
several of the other shrubby species do. The invasion of sagebrush
followed an interesting pattern. A few plants became established the
first or second year following the fire from residual seed. As these
plants matured and produced seed, a second age class of sagebrush
plants developed and filled in the inter-spaces. This pattern was
evident on all ll-year-old burns.

The percentage of dead sagebrush plants varied from none
in the first 3 age~classes of bumns, tc 16.2 % in the 46~year-old burn.
It then increased to 66.6 % in those stands that were over 100-years-old
(Figure 3 and Table 4). As the junipers begin to dominate the site, they
become competitive with sagebrush, and in time, may completely
eliminate sagebrush from the community. Pigufe 4 shows the decadent
nature of sagebrush in one of the 86-year-old stands sampled.

Sagebrush, in many cases, appears to act as a nurse plant
for the establishment of juniper seedlings. This is based on the
observation that most juniper seedlings were observed either under the
crown of sagebrush plants or closely adjacent to them. The greatest
increase in junipers occurred when the sagebrush density was at its
highest peak (Table 3 and 4). Johnsen (1962) in Arizona suggested this
beneficial effect was due to the shade offered by the sagebrush plants
which improved the moisture relations for the juniper seedlings.

Two other shrub species occurred consistantly on the burns

studied: little rabbitbrush (Chrysothamnus viscidiflorus) and snakeweed
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Summary data for Juniperus osteosperma and Pinus monophylla 100+-year
old burns.

Density, trees/acre

% Basal area
Height class (feet) % Crown square
0-1 1-4 4-9 9+ Total Frequency cover feet/acre

73.32 36.2 101.

1.2 110.2 320.9 90.6 31.8 142.6
4.7 0.0 69 2.3  13.9 11.6 0.9 2.9
aI_uniperus osteosperma
Pinus monophylla
Summary data for Artemisgia tridentata: 100+-year-old burns.
Density, plants/plot
Height class Yield
(inches) Vigor class! % % grams/
0-4 4-12 12+ 1 2 3

Total Cover Freq. plot

0.0 0.1 1.4 0.2 0.3 1.0 1.5 1.2 44.2 19.5

Crown< 50% dead = 1; crown > 50% dead = 2; crown fully dead = 3.



Summary data for all other shrubs: 100+-~year-old burns.
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Density % %
Species plants/plot Cover Frequency

Amelanchier utahensis t 0.3 2.3
Artemisia nova 0.7 0.7 4.7
Chrysothamnus viscidiflorus t t 2.3
Cowania mexicana t 0.3 2.3
Eriogonum microthecum 0.2 t 7.0
Gutierrezia sarothrae t t 2.0
Purshia tridentata 0.2 0.2 7.0
Symphoricarpos vacciniodes t 4.6
Tetradymia canescens . t t 4.6

t = Trace



Cover and frequency of herbaceous vegetation: 100+-year-old bums.

% %
Species Cover Frequency

Grasses

Agropyron spicatum 4.1 48.8

Bromus tectorum 0.9 27.9

Hesperochloa kingii t 2.3

Oryzopsis hymenoides 0.5 16.3

Poa fendleriana 0.3 4.6

Poa secunda 2.0 53.5

Sitanion hystrix 0.8 9.3
Forbs

Perennial 1.6 71.8

Annual 0.3 23.3
Ground

Bare soil 35.3 97.7

Rock 31.1 79.1

Litter 23.5 83.6

t = Trace



APPENDIX II
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Species presence by age class of burn {years since burn).

Abproximate age of burn

Speciles 3 11 22 36 46 71 86 100+
Number of bums 2 3 3 6 1 2 5 5
Trees
Juniperus osteosperma (Torr.) Little b3 X bd x x x x
Pinus monophylla Torr, & Frem. x
Shrubs
Amelanchier utahensis Koehne x
Artemisia nova A, Nels. x x
Artemisia tridentata Nutt. X x x x x x x x
Chrysothamnus nausceosus (Pall.) Britt. x x ' X x
Chrysothamnus puberulus {D.C. Eaton) Greene X x X x
Chrysothamnus viscidiflorus (Hook.) Nutt. x X x X x x x X
Cowania mexicana on X
Eriogonum microthecum Nutt, x x X
Purshia tridentata (Pursh) DC. x x x x X x
Rosa woodsii Lindl, x x x
Symphoricarpos vaccinioides Rydb. X x x
Tetradymia canescens DC. X x X b4 x x
Grasses
Agropyron cristatum L. {Gaertn.) b X X
Agropyron intermedium (Host) Beauv. X
Agropyron smithii Rydb, x x X X x
Agropyron spicatum (Purgh) Scribn. & Smith x x X x X x x x
Agropyron trachycaulum (Link) Malte. x
Bromus marginatus Nees. x
lBromus tectorum 1., x x X x % b4 x
Elymus cinereus Scribn. x X
Hesperochloa kingii (S. Wats.) Rydb. x
Melica bulbosa Ceyer ex Port. & Coult. x x
Oryzopsis hymenoides (R. & S.) Ricker x x x X x x X
Poa fendleriana (Steud.) Vasey x x X x x
Poa pratensis L. x
Poa secunda Presl. x x X x x x x
Sitanion hystrix (Mutt.) J. G. Smith X x x x x x x x
Stipa comata Trin. & Rupr. X X
Stipa lettermani Vascy X
Half-shrubs & Forbs
Agoseris glauca (Pursh) D. Dietr. x P x x x x x
Allium acuminatum Hook. x x x x x
Alyssum alyssoides L. x X x x X
Amaranthus graccizans L X
Arabis holboelii Hornem. b4 X X x x
Aster chilensis Necs., x x x
Aster lucelene Blake x x X x x
Astragalus beckwithii T. & G. x X x x X
Astragalus cibarius shield. x x x x
Astragalus convallarius Greene x x X x x
Astragalus utahensis (Torr.) T. & G. x x x x
Balsamorhiza sagittata (Pursh) Nutt, x x
Calochortus nuttallii T. & G. X x x
Camelina microcarpa Andrz. X x x x
Castilleja chromosa A. Nels. b4 x x x
Chaenactis douglasii 1i. &A. x x x x x
Cirsium undulatwm (Nutt.) Spreng. X X x
Collinsia parviflora Dougl. b4 x x x x
Comandra umballata (I..) Nutt, b3 x X
Crepis acuminata Nutt, x x b4
Crepis intermedia Gray X X b4 x
Crepls modocensis Crecne X
Crepis occidentalis Nutt. x
Cryptantha humilus (Greene) Payson %X x X x X x X x
Descurainia sophia (L.) Webb, ex £, & P, % x x X



Approximate age of bum
Species 3 6 11 22 36 46 71 86 100+

Erigeron pumilus Nutt, X X x x
Eriogonum heracleoides Nutt. '
Eriogonum ovalifolium Nutt. x
Ertogonum racemosum Nutt. X
Frodium cicutarium (L.) L'Iicr

Gutierrezia sarothrae (Pursh) B, & R. x X b x x X x x
Hackelia floribunda (Lehm.) Johnst. X

Haplopappus amerioides {Nutt.) A. Gray x x x
Hedysarum boreale Nutt. x

Helianthus annuus L. X

.Helianthella uniflora (Nutt.} T. & G. : x

Hymenopappus filifolius Hook. x

Lactuca serriola L, X X X
Lathyrus brachycalyx Rydb. X x
Linum perenne L. x X.
Lomatium grayi Coult. and Rose

Lupinus wyethii §. Wats., x x
Lygodesmia spinosa Nutt,

Mahonia repens Don X x
Microsteris gracilis {Dougl. ex Hook.) Greene b x X
Nicotiana attenuata Tomr, ex S. Wats. X

Oenothera latifolia (Rydb.) Munz X
Opuntia polyacantha Haws.

Penstemon rydbergii A, Nels.

Petradoria pumila (Nutt.) Greene x
Phlox hoedii Richards x x
Phlox longifolia Nutt. x x x X
Physaria chambersii Rolling x
Ranunculus testiculatus Crantz.

Salsola pestifer A, Nels. X X
Senccio integerrimus Nutt.

Senecto uintahensis (A. Nels.) Greene X X
Sisymbrium altissimum L, X x
Solanum triflorum Nutt. x

Sphaeralcea grossulariaefolia (H, & A.) Rydb. X x x X
Taraxacum officinale Weber X
Tragopogon dubius Scop. x X X
Vicia americana Muhl. X x x
Zigadenus paniculatus (Nutt.) S. Wats. x
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ABSTRACT

A total of 28 burn areas, that varied in age from 3-100+-
years, were analyzed in a study of succession following fire, in the
pinyon~juniper woodlands of west central Utah. Data were collected
by means of the line-point and quadrat methods. These data were sub-
jected to a multiple regression analysis. Canopy cover, basal area
(sq. ft./acre) and density (trees/acre) of juniper were highly correlated
with age of burn. Percentage dead sagebrush was found to be positively
correlated with density of junipers.

The stages of succession following fire began with weedy
annuals, that reached a peak within 3-4 years. Juniper woodlands are
well developed 85-90 years following fire. Intermediate stages of
succession varied, but followed a general pattern of perennial grasses,
perennial grasses-shrubs and perennial grasses~shrubs~trees.

Tree height and stem diameter are positively correlated with
age of Utah juniper. Thirty~three years is the average minimum age at
which Utah juniper produce seed.



