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ABSTRACT

Ecological and ethnobotanical data were gathered from July 1990 until June 1994 on Long
‘Mesa, Mesa Verde National Park, following a July 1989 lightning-caused fire. Two burned plant
communities included in this study were a Pinus edulis/Juniperus osteosperma (pinyon/juniper)
woodland, and an Artemisia tridentata, A. nova/Purshia tridentata (sagebrush/bitterbrush)
shrubland. At the same time, two corresponding unburned control communities were also
examined. In the five years following the fire, vegetation in the burned pinyon/juniper woodland
and sagebrush/bitterbrush shrubland has changed continuously, in contrast to nearby unburned
control plots. In the burned pinyon/juniper plot, Quercus and other stump-sprouting shrubs
dominate. Chrysothamnus became established there by seed. Herbaceous plant diversity doubled
between 1990 and 1991, with some species (Nicotiana attenuata, Chenopodium spp.,
Schoencrambe linifolia, and Poa fendleriana) displaying significant vigor and vitality early in
recovery. This burned plot has a wider diversity of taxa than its counterpart unburned plot.

The recovery in the burned sagebrush/bitterbrush plot has been dominated by stump-
sprouting Amelanchier and Symphoricarpos. Herbaceous plant diversity is high, with coverage
and frequency of a number of plants differing notably from those in the unburned plot. Coverage
and frequency of bare soil and litter varied between burned and unburned plots as well.

Comparisons of the burned pinyon/juniper plot to an earlier fire recovery study on
Morfield Mesa revealed some differences in their recovery trajectories. Dominant herbaceous
species in the first two years following each fire differed, likely in part due to purposeful seeding
on Morfield to speed recovery. Shrubs shared in common between the two mesas also displayed
higher coverages and frequencies on Long Mesa. :

The present Long Mesa mosaic habitat provides humans a wide range of resources, simply
because of the fire. The burned pinyon/juniper area has offered a changing array of edible and
useful plants, starting first with a large amount of sound, usable firewood. The vigorous nature of
some plants has diminished with time, revealing an important role for fire in their maintenance.
Flexible stems for material culture needs have been promoted by vigorous stump-sprouting. For a
wide variety of herbaceous plants, differences between burned and unburned plots extend to
which taxa are present, and their frequencies and coverages.

INTRODUCTION

In 1990 Crow Canyon Archaeological Center, in cooperation with Mesa Verde National
Park, initiated a five-year study of the effects of fire on vegetation following a July 1989 natural
- burn on Long Mesa. One objective of this research was to perform an ecological study of
vegetation recovery of two mature plant communities following a fire, including comparisonto
two similar, unburned communities. The second objective was to evaluate the recovering
vegetation in terms of its potential to satisfy food and material culture needs of humans, such as
the Ancestral Puebloans who relied upon the region for their livelihood in the A.D. 600-1300
period. The research reported here conforms to an established study design (Adams 1990a,
1990b) and incorporates two previously published reports (Adams 1991, 1993a). Data and
results represent the period July 1990 through June 1994. The Long Meqa study area, mcludmg
the burned and unburned study plots, is depicted in Figure 1. ' ;
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METHODS

In order to enhance comparability with previous studies of Mesa Verde vegetation, the
descriptive ecological methods and techniques of this research parallel those of earlier published
analyses (Erdman et al. 1969; Erdman 1970). Basic plot size of 68.6 m x 15.2 m (225 x 50 feet)
and sampling intervals of earlier research have been retained, but all measurements have been
converted to the metric system. Definitions of terms and details of field methods are outlined in
Appendix 1. Field data recording sheets comprise Appendix 2. Field observations of herbaceous
vegetation are supported by a series of herbarium specimens identified via a regional flora (Welsh,
et al. 1987), and verified against permanent collections curated in the University of Arizona
Herbarium, Tucson. The plant collection has been given to Mesa Verde National Park.

The analytical concepts of “coverage” and “frequency” were employed to characterize
vegetation in four vegetation plots. These are two burned study plots: (1) a pinyon/juniper (Pinus
edulis/Juniperus osteosperma) community, and (2) a sagebrush/bitterbrush (4drtemisia tridentata,
A. nova/Purshia tridentata) community, and two closely matched nearby unburned control plots.
Coverage, a type of analysis that takes plant dimensions into account, expresses the size or bulk
of the shoots of each species in relation to space (Daubenmire 1968:41); it is sometimes referred
to as “dominance”. Frequency data expresses the number of times a species was encountered in
50 separate observations. “Density”, or the number of individuals of a species per unit area
(Daubenmire 1968:40), was calculated for a limited number of taxa in unburned plots. Common
and scientific plant names referred to in this report are lxsted in Table 1. All field data has been
entered into a series of ACCESS databases

RESULTS

Ecological Insights.

The vegetation in the two burned plots contrasts with that of the unburned control plots,
as do the two plant community types, pinyon/juniper vs. sagebrush/bitterbrush. Changes in
vegetation from year to year were most dramatic in the burned plots. Trees, shrubs, herbaceous
plants and abiotic components of each plot are discussed below.

Unburned Pinyon/Juniper Study Plot. Coverage and frequency data generally reveal that both
pinyon (Pinus edulis) and juniper (Juniperus osteosperma) are dominant members of the
unburned pinyon/juniper community on Long Mesa (Table 2). A look at these two taxa relative
to each other is gained by additional analyses. Age-classes tallied in ten 1.2 m x 15.2 m belt
transects suggests that juniper is a healthy species replacing itself (Table 3), and is well-
represented by all size classes, including seedlings. Pinyon has nearly the same number of older
trees as juniper, but fewer saplings and seedlings, suggesting that pinyon may be aging in this
locality.

A Point Quarter Analysis in 1990 and 1994 provides another way to view these two

~ predominant taxa, relative to one another (Table 4; Appendix 2). A calculation of Importance

Value, essentially-a sum of relative frequency, relative density and relative dominance for each
taxon, reveals that j Jumper currently plays a dominating role in terms of size (coverage) and
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distribution (frequency) on the landscape. Pinyon, by virtue of closer spacing, dominates in
density. Thus, it appears that Juniperus osteosperma is the dominant conifer, and may remain so
by virtue of continued seedling establishment. Pinus edulis plays an important, but less
conspicuous role, having relatively older members and low seedling establishment.

Shrubs in this mature community reveal some variability over the five-year observation
period (Table 2). Four of them, including Cercocarpus montanus, Artemisia tridentata/A. nova,
Purshia tridentata, and Amelanchier utahensis, have moderate coverage, and frequencies ranging
up to 32% (Table 2). Three additional shrubs (Fendlera rupicola, Quercus gambelii, and Yucca
baccata) are present, but not prominent.

Herbaceous vegetation is well represented here. The total number of taxa identified
increased from 8 in 1990 to 17 in 1994. Increasing coverage is apparent for a number of taxa -
over five years, for example Comandra umbellata and Poa fendleriana. Park Service efforts to
reduce the number of wild horses that graze in the area may be partly responsible for these
upward trends. In terms of frequency, the most consistently encountered herbaceous species are
grasses (including Elymus elymoides, Koeleria macrantha, and Poa fendleriana), Polygonom
douglasii, Penstemon linarioides, two species of Lupinus, and Commandra umbellata.

Abiotic plot components display limited variability over the five-year study. Bare soil
ranges between 1-10% coverage. Litter, primarily in the form of decomposing foliage, has
consistently been a predominant component of this mature community, averaging over 75%
coverage, and present in nearly 100% of all plots examined. Rocks are present, but not a major
community component,

Burned pinyon/juniper study plot. The burned pinyon/juniper study plot is noteworthy for its
complete lack of living pinyon or juniper trees (Table 5). Only standing dead timber was
observed, easily identified on the basis of bark and anatomical traits. Because dead specimens are
not tallied in this research, and because no seedlings of either species were encountered, there are
no records of either taxon for this plot over the five-year study period. :

Five shrubs had regenerated via stump sprouting by the first year after the burn. The
taxon first to be noticed was Quercus gambelii, responding to late summer and fall rains almost
immediately following the 1989 fire. Yucca baccata, Purshia tridentata, Cercocarpus montanus
and Symphoricarpos all began recovery from the base the following summer. Two additional
shrubs, Amelanchier utahensis and Fendlera rupicola, joined the group by 1991. There was a
trend to increasing coverage and frequency for most shrubs during the five-year study period,
with Quercus gambelii and Purshia tridentata having the highest coverage and frequency.

Many herbaceous plants became established in the burned plot within the first two years
following the 1989 fire (Table 5). The 11 taxa present in 1990 nearly doubled by 1991, and
remained at this level. Non-native Salsola iberica and Lactuca serriola entered the plot in 1991.
- Native species that continued to increase in both coverage and frequency include Commandra
- umbellata, various grasses, Machaeranthera canescens, Penstemon linarioides, and Viguiera
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multiflora. On the other hand, populations of Chenopodium fremontii, Nicotiana attenuata, and
Polygonum douglasii peaked, then declined. By 1992, for example, no Nicotiana attenuata plants
were observed within the burned plot. Additional herbaceous species, low in both coverage and
frequency, were inconsistently encountered during the five-year study. The flowering and fruiting
of herbaceous plants in 1991 included Viguiera multiflora, Stipa hymenoides, Elymus elymoides,
Penstemon linariodies, Eriogonum umbellatum, Nicotiana attenuata, Chenopodium fremontii
and C. leptophyllum, Poa fendleriana, Heterotheca villosa, Polygonum douglasii, Schoencrambe
linifolia, Cordylanthus wrightii, Erigeron divergens, and Lappula redowskii. By 1992,
Commandra umbellata and Petradoria pumila had joined this list of actively reproductive plants.

Immediately following the fire, the burned plot had high coverage and frequency of bare
soil, as one might expect. Over five years, there was a consistent increase in the amount of litter
present, first composed of ash and charcoal from the fire, and later of decomposing vegetation
from living plants. Rocks were consistently fairly low in coverage and frequency.

Comparison of the two pinyon/juniper study plots. There are sharp contrasts in vegetation
between the unburned and burned pinyon/juniper plots. The recovering burned plot lacks any
living pinyon or juniper trees. The shrubs shared in common between the two plots differ
significantly in coverage and frequency. For example, Amelanchier utahensis, Cercocarpus
montanus, Fendlera rupicola, and Purshia tridentata, are all well-represented in the unburned
plot, compared to the burned plot. In contrast, Quercus gambelii displays a much higher
coverage and frequency in the burned plot. Yucca baccata is the only species with similar
representation in both locations. Arfemisia, a predominant shrub component of the unburned plot,
had not returned to the burned plot by 1994. Symphoricarpos oreophilus is a minor component
in the burned plot only.

The herbaceous vegetation in the burned pinyon/juniper plot also contrasts sharply with
that in the unburned control plot. When one compares the list of taxa in the two plots, the burned
plot has 50% more taxa (n=33) than the unburned plot (n=22). Of fourteen species shared in
common between the two plots, few display similar coverages and frequencies. Nineteen plants
are unique to the burned plot, and eight to the unburned plot, increasing the general diversity of
plant resources in the local area. Populations of Chenopodium fremontii, Nicotiana attenuata,
and Polygonum douglasii peaked early in the burned plot, then rapidly declined. Herbaceous
plants in the unburned plot were continuously reproductive, while many of these same plants in
the burned plot became fully reproductive in the first and second years following the fire.

Differences in abiotic components between the two plots are notable. In the unburned
plot, litter is common and bare soil rare. Bare soil in the burned plot decreased in the years
following the fire, accompanied by a corresponding increase in litter. Rocks in both locations are
encountered on occasion, reflecting their present in shallow soils overlying a sandstone mesa top.

Unburned Sagebrush/Bitterbrush Study Plot. The distribution of woody vegetation in the .
unburned Artemisia tridentata, A. .noya/ Purshia tridentata plot reveal relatively.high coverage -
and frequency for these taxa (Table 6) Other shrubs, including Amelanchier utahensis, .
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Chrysothamnus depressus, Symphoricarpos orebphilus and Tetradymia canescens, all display low
coverage and frequency. Most shrubs display minor variability in their representation through the
five study years. :

Herbaceous plants evidence some variability during the five years monitored. In general,
many of the herbaceous species experienced little change in representation between the study
years, however some were quite variable. The most predominant plants in terms of coverage and
frequency in this plot include grasses (Elymus elymoides, Koeleria macrantha, Poa fendleriana,
Stipa comata, and other Gramineae), Petradoria pumila, Eriogonom spp., Lomatium triternatum,
and Compositae. The remainder are generally low in both coverage and frequency. The only non-
native plant noted in this plot was Lactuca serriola.

Abiotic components display some variability in the five-year study. Bare soil occurs in
nearly every plot examined. Litter is likewise ubiquitous, varying in coverage from year to year.
Few rocks were encountered in this plot, which is located in deeper soils some distance from the
mesa edge.

Burned Sagebrush/Bitterbrush Study Plot. Vegetation in the burned sagebrush/bitterbrush
plot has undergone notable changes between 1990 and 1994 (Table 7). Only Amelanchier

* utahensis and Symphoricarpos oreophilus shrubs had stump sprouted in the first year following
the fire. During 1991, Purshia tridentata stump-sprouted as well. By 1992, three additional
stump-sprouting shrubs were noted, though Amelanchier and Symphoricarpos still predominated.
Artemisia returned to the plot during the fifth year of observation. Symphoricarpus oreophilus
was the first to flower and fruit, in 1991.

The nineteen herbaceous plants established in 1990 had nearly doubled by the following
year, then the number stabilized at between 27-28 taxa. In the first year following the fire,
coverage was consistently low and frequency of any given species was rarely above 20%. In the
second and third years, a number of plants including Chenopodium spp., Elymus elymoides,
Koeleria macrantha, Poa fendleriana, Stipa comata, Eriogonum spp., Lupinus spp., Microsteris
gracilis, Polygonum douglasii, Viguiera multiflora, Lomatium triternatum, Petradoria pumila,
and Sphaeralcea coccinea, generally increased in frequency, though coverage for most still
remained fairly low. Polygonum douglasii and Lupinus caudatus displayed the highest coverage
of the five-year study, each occurring at 4-10%, in different years. A much smaller number of
species peaked and then declined, for example Chenopodium leptophyllum. Most of the
herbaceous species occurred in very low coverage and/or frequency in any given year, and were
not consistently encountered in the canopy coverage plots in every year of the study. By 1991,

- fully reproductive herbaceous plants included Viguiera multiflora, Elymus elymoides, Stipa
comata, Koeleria macrantha, Penstemon linarioides, Eriogonum spp., Chenopodium spp., Poa
Sfendleriana, Heterotheca villosa, Cirsium undulatum, Polygonum douglasii, Schoencrambe
lmzfolza Erzgeron spp:, thhospermum ruderale, Achillea mzllefolzum and Lupinus spp.

- Bare soil dxstnbuted threughout the plot decreased in coverage from 34-50% ( 1990) to o

1 1~25% (1994).: This has beenaceompanied by a consistent increase in the amount .of litter ...
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- present from 1-4% (1990) to 51-75% (1994). Rocks are present and frequently encountered.

Comparison of the two sagebrush/bitterbrush study plots. The dominant vegetation in the
recovering burned sagebrush/bitterbrush plot is notably different from its unburned counterpart.
The unburned plot is dominated by both Artemisia spp. and Purshia tridentata, which give the
plot its name. In contrast, the burned plot is dominated by Amelanchier utahensis and
Symphoricarpus oreophilus, has relatively little Purshia tridentata, and Artemisia spp. only as of
1994. Of the six shrubs shared in common between the two plots, coverage and frequency are
generally different.

The herbaceous vegetation is also divergent. Thirty-six species are shared in common,
and by 1992 researchers had recognized five taxa unique to the unburned plot, and eight taxa
unique to the burned plot. Chenopodium leptophyllum, not present in the unburned plot,
experienced a frequency peak in the burned plot in 1991. The major herbaceous cover differences
in these two plots lies with coverage and frequency data for many species, while differences
between the two plots for the remaining species seem negligible. '

Differences exist in abiotic components in the two plots. In the unburned plot, litter is
common and bare soil present in low amounts. Bare soil in the burned plot decreased in the years
following the fire, accompanied by a corresponding increase in litter. Rocks occur in both plots.

Ethnobotanical Insights.

In the five years following the July 1989 fire on Long Mesa, vegetation recovery has been
rapid, fostering a mosaic habitat with differential distribution of taxa between burned and
unburned plots. Over the five-year study period, Long Mesa has been a continually changing
mosaic habitat of great diversity. This section will discuss the vegetation changes in the burned
plots as resources of potential interest to humans.

Burned Trees as Construction Timbers and Fuelwood. Over the long term, wood
availability in a burned pinyon/ juniper woodland has been dramatically curtailed. However, in the
first two decades following the fire, there may actually be easier access to resources such as
construction timbers and fuelwood. Although every pinyon and juniper tree in the burned
pinyon/juniper plot died as a result of the fire, many of the larger dead trees remained standing.
These individuals, charred on the surface but essentially sound, would seem to represent usable
construction timbers. Since most of the smaller side branches were consumed during the fire, and
because the roots immediately began to loosen their hold in the shallow soil, acquisition of the
timber might be relatively easy. Possibly trees could be pushed over a few years or so after
burning. This stand of charred timber has been analyzed for availability of straight beams, greater
than 4 cm diameter and 1 meter or longer in length; a report on this survey is forthcoming. It is
reasonable to assume that the charred individuals might remain upright and be available for some
period of time; a 1972 fire on nearby Moccasin Mesa produced another fairly large population of
sound standing timber, many individuals still available in 1990. However, the. common stone axe
~ technology for working with green construction beams:is ineffective in acquiring fire-dried beams. .: -

Also, one might expect occasional indications of surface:charring on well-preserved beams, but o« . . .

7




the Tree-Ring Lab has seen no evidence of this in unburned construction beams from a wide
variety of prehistoric Southwestern sites (J. Dean, personal communication).

Another important use for the standing and down timber in the burned pinyon/juniper plot
is fuelwood. The burn created a large volume of sound, dried wood, much of it in pieces easy to
acquire and transport. Such a location might become preferred for gathering hearth fuel, at least
for a while following a fire.

Shrubs as Tinder. Many of the shrubs in both burned plots died back to ground surface
during the fire, leaving standing leafless branches that in some cases had not been charred
completely through. These above ground parts, though limited in volume and weight, could still
provide some easily acquired tinder to start a fire. The burned shrub material began rapidly
breaking down, however, and offered small quantities of dead wood, relative to that available
from dead trees. Archaeological sites in the region have revealed that the Ancestral Puebloans
frequently burned Artemisia, Cercocarpus, Purshia/Cowania, Amelanchier/Peraphyllum, and on
occasion utilized both Fendlera and Quercus in their hearths (Adams 1989a, 1989b, 1993b, 1999;
Matthews 1985, 1986).

Shrubs offering flexible new branches. Immediately following the fire, root crown
regeneration became vigorous in some shrubs. For Quercus gambelii and Yucca baccata, stump
sprouting began soon after the ashes cooled in 1989. Amelanchier utahensis, Cercocarpus
montanus, Purshia tridentata and Symphoricarpos oreophilus were producing long flexible
shoots by the next summer. Burned Purshia tridentata and Fendlera rupicola stump sprouted
some months later. Arfemisia did not stump sprout in either burned plot, conﬁrmmg observations
by other researchers (Barney and Frischnecht 1974:93).

Young shoot growth is often flexible, even-diametered, straight and long. As such, some
of these resources might offer useful materials for basketry or other artifact manufacture. Modern
Native Americans, and the Ancestral Puebloans in the region, utilized such growth of both
Chrysothamnus and Rhus for basketry manufacture and in other ways, and found reason to gather
fibrous Yucca leaves (Blinman 1986; Adams 1993b; Palmer 1878). By 1992 in the burned
sagebrush/bitterbrush plot, abundant straight supple shoots of Amelanchier utahensis and
Symphoricarpos oreophilus ranged in length from 60-90 cm and in diameter from 3-9 mm. In the
same year, Fendlera rupicola offered shoots 30-40 cm in length and from 2-4 mm in diameter.
Purshia tridentata sprouts were between 10-35 cm long and 2-5 mm in diameter. Chrysothamnus
depressus was recognized in the burned sagebrush/bitterbrush plot in 1992. At that time, a cluster
of less than one dozen plants was observed, some of them reproductive. These plants also offered
a number of long (up to 24"), flexible stems as potential basketry material. This species occurs
elsewhere on Mesa Verde in disturbed areas including burns and road cuts (Welsh and Erdman
1964:14).

- Herbaceous Taxa of Potential Interest to Humans. Certain characteristics of some of

- the non-woody plants in the burned plots may well:have been of keen interest to humans whose. .«
subsistence and material culture needs depended upen knowledge of resource distribution withins ...
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the environment. Vigor (relative size and health of an individual), vitality (reproductive success of
a plant) and density are qualities that the burn seems to have enhanced for a number of taxa.
Some of the taxa encountered in this study are highlighted here.

Calochortus sp. Mariposa lily has been documented in both sagebrush/bitterbrush plots
and in the burned pinyon/juniper plot, though in low amounts except for 1992. The nutritious
bulbs of many species have been eaten by Native Americans, and grassland and savanna burning
by the Chumash of California has been said to favor such bulb-forming plants (Ebeling 1986:204-
205; 310).

Chenopodium spp. Two species of goosefoot (C. fremontii; C. leptophyllum) seem
enhanced by burning. Present in negligible amounts in unburned plots, each of these plants
became visually dominant in a burned plot in the first year following the burn. One species,
Chenopodium fremontii, not observed in the unburned pinyon/juniper plot, became a visually
dominant member in the burned plot in the first year after the fire (Table 8). More important,
perhaps, was the vigor and vitality evident in this population. Height and width of thirty plants
selected along two straight line transects within the burned plot, revealed the plants averaged 1.17
meters in height and 0.60 meter in width. Some of the plants were as tall as the observers
evaluating them. A total of 811 individual goosefoot plants were counted in the burned
pinyon/juniper plot. The entire goosefoot population flowered in abundance for a number of
weeks in the late summer and early fall; producing copious amounts of mature seeds. By 1991,
although there were many more goosefoot plants estimated in this plot, the plants were much
shorter and not nearly as wide. Another goosefoot, Chenopodium leptophyllum, became notable
in the burned sagebrush/bitterbrush plot as well.

Extensive ethnographic records documenting goosefoot use by Native Americans in the

Southwest have been summarized (Adams 1988:168-183). There are numerous references to
leaves, plants, young shoots and stalks boiled as greens, sometimes eaten alone and other times
mixed with meal, fat or meat. When abundant, the greens may be extensively and even
exclusively relied upon. They can be eaten raw or boiled, and sometimes dried for winter use.
Medicinally the greens have been applied to burns. Repeatedly the literature refers to the use of
the seeds as food, which were gathered in quantity and sometimes stored. The value for humans
of the large, healthy, and profusely reproductive goosefoot plants in the burned plots on Mesa
Verde seems obvious. A constant supply of greens, and an abundant harvest of mature seeds,
resulted in the first year following the burn. Astute observers would take full advantage of this
circumstance. ‘

The archaeological record is almost as extensive as that detailing historic uses. Most of
the citations suggest a food use for the seeds, though a few records hint that seeds served as food
offerings in burials (Adams 1988:177). The words "common", "widely distributed", "most
widespread taxon" and "one of the most abundant plant foods" reveals an important role for these
plants in prehistory.

, Elymus elymoides. Squirreltéil grass is most notable in the two sagebrush/bitterbrush
++ plots, with high frequencies and coverages approaching 4%. The differences between burned and

- ~.unburned plots seem negligible.. The unburned pinyon/juniper plot also hests a maderate amount
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of Elymus.

Some Elymus specres tolerate disturbance, a characteristic of human-dominated
environments, and retain grains in their spikes long after the heads have ripened (Bohrer
1987:82). Elymus complex grains (including other genera such as Bromus, Agropyron,
and Sitanion) have been recovered in southern Arizona archaeological sites, possibly as a food,
material to generate steam in ovens, or as a roof thatching (Bohrer 1987:82-83). The Paiute have
utilized squirreltail grains for food (Doebley 1984), and a number of Shoshone groups sowed wild
seeds of some species of Elymus (Steward 1941).

Eriogonum spp. Eriogonum racemosum and E. umbellatum are notable only in the two
sagebrush/bitterbrush plots. In both plots, their populations appear to have peaked in 1991.
Kawaiisu groups in California reportedly ate the seeds of at least nine species of buckwheat,
which they powdered to form a meal eaten in a number of ways (Zigmund 1981).

Koeleria micrantha. As a cool season grass, the relative presence of Koeleria micrantha
in the sagebrush/bitterbrush plots seems significant. Cool season grasses utilize winter and spring
moisture to promote their growth and.maturity in early summer, a potentially critical time of year
for gatherers and agriculturalists (Bohrer 1975:199). Although Koeleria has not been commonly
recovered in Ancestral Puebloan sites, it did serve as an important food resource for modern
Puebloans prior to the introduction of wheat (Jones 1931:33; Castetter 1935:22). High value may
be attached to any cool season grass that produces some of the earliest mature caryopses (grains)
of a growing season.

Lithospermum ruderale. A member of the borage family that produces a hard, white, and
- pearly-appearing "stoneseed", Lithospermum ruderale has been documented in both burned and
unburned sagebrush/bitterbrush plots. This perennial species sprouted and became fully
reproductive within the first season after the burn. Although no food use for this species is
known, a prehistoric "necklace" on display in the Mesa Verde National Park Museum appears to
have been made of the smooth and highly polished nutlets. The Pima are said to have eaten the
fresh leaves of one species (Ebeling 1986:521). Thus, one concludes that the Ancestral Puebloans
may have been interested in the plant for personal adornment purposes.

Lomatium triternatum. Biscuitroot is present only in the two sagebrush/bitterbrush plots.
Differences in coverage and frequency between the two plots are not major. Many .groups,
especially in the northwestern states, have ground the roots into flour and made cakes from a
variety of biscuitroot species (Yanovsky 1936:47-48).

Lupinus spp. Lupinus caudatus and L. polyphyllus have been documented in three of the
four plots. Lupinus caudatus made a rapid and notable recovery in the burned sagebrush/
bitterbrush plot. Lupinus polyphyllus did best in the unburned pinyon/juniper plot. Native
Americans have used lupines as potherbs, preparing them in various ways (Ebeling 1986:237-239;
Yanovsky 1936:37). The small seeds may also be edible.

Nlcotlana attenuata. Another p]ant that appeared in fuﬂ vrgor and v1ta11ty in the burned
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- inboth unburned plots. Polygonum spp have both ethnographlc (Ebelmg 1986 37, 754) and
T archaeologlcal race)rds :

pinyon/juniper study plot during 1990 was Nicotiana attenuata. Like the Chenopodium, the
Nicotiana plants were tall and broad (up to 1 meter in either dimension), and flowered and
produced ripe fruit capsules following each rain until the first freeze in November of 1990. The
size of individual leaves on lower stems was often larger than a human hand. On 10/19/90 a team
of eight participants counted 86 healthy and robust tobacco plants, most of them fully
reproductive. By 1991, the tobacco population had diminished noticeably in stature, with 30
measured plants averaging only 41 cm in height and 9 cm in width. A total of 174 plants were
estimated in the plot in August of 1991, most of these less than 15 cm tall. The plot had no
tobacco plants in 1992,

That this species was encountered in no other study plot seems significant. It has been
noted as a member of the Mesa Verde vegetation (Welsh and Erdman 1964), but apparently is a
diminutive member of the flora unless an area has burned (M. Colyer, personal communication) or

- is otherwise disturbed in some way. Obviously a viable seed source is available on Long Mesa,

but the plant is not an obvious member of the modern unburned communities there.

The use of tobacco by modern Native American groups is well documented (Setchell
1921; Winter 2000). Flowering parts, leaves and even stems were desired, presumably in many
cases for use in special ceremonies or rites (Adams 1990c). What is also well known is that many
groups were aware that tobacco "grows rapidly and high wherever the ground has been newly
burned over" (Setchell 1921:41). Native Americans in many regions of North America
purposefully burned a plot of ground, cast tobacco seeds in the ashes, and then returned for
harvest at a later time (Adams 1990c).

The archaeological record of tobacco use among the Ancestral Puebloans is accumulating
(Adams and Toll 2000; Winter 2000). In the Mesa Verde region, tobacco has been documented
in sites excavated as part of the Dolores Archaeological Project (Matthews 1986), and in sites in
the Montezuma Valley (Brandt 1991). There is every reason to believe that burned
pinyon/juniper-woodland would provide the Ancestral Puebloans with abundant tobacco harvests
in the first year following a burn.

Opuntia sp. (prickly pear).. Opuntia sp. plants, low in frequency and coverage in the
unburned pinyon/juniper plot, had returned in low representation to the burned pinyon/ juniper
plot by 1991. Both plots offer young tender pads in the early summer as a vegetative food
product, but only the plants in the unburned plot became reproductive and capable of forming
edible fruit. No prickly pear cacti were observed in either sagebrush/bitterbrush plot.

Poa fendleriana. Poa fendleriana was present in all four communities, though in the
burned plots it was not observed during the first year after the fire. Poa fendleriana is another
cool-season grass of value early in the growing season,; its recovery in archaeological sites has

~ been reported (Bohrer 1975:202).

Polygonum douglasii. Polygonum douglasii plants increased in coverage and frequency
in both burned plots, starting the first year following the fire. They displayed the highest coverage
values of any herbaceous taxon in 1992. A similar, but less-dramatic trend was also documented

g
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Schoencrambe linifolia. In the five-year study, this perennial mustard has been
documented only in the burned pinyon/juniper plot. It has been observed previously as a plant of
open, disturbed areas on Mesa Verde (Welsh and Erdman 1964:18). In 1990, the plants displayed
notable vigor and vitality from summer through late fall, providing a potential greens and seeds
resource. For the following four years, they were also present in this burned plot. It offers an
important greens and seed resource to humans, much as other members of the mustard family do

(Ebeling 1986:371, 647; Adams 1988:205-211).

Sphaeralcea coccinea. Common globemallow plants have responded well to fire in the
sagebrush/bitterbrush plot. Their presence in other plots is negligible. Elsewhere in the
southwest, globemallow multiplies under various forms of disturbance, especially agriculture
(Parker 1958). The pollen record of globemallow in southern Arizona Hohokam field contexts
has helped explain various forms of ancient land manipulation by fire (Bohrer 1992). Although
the ethnographic record is rather mute on globemallow use, stems of one species have been
chewed for gum by the Hopis (Yanovsky 1936:43). The archaeological record at times records
"Malvaceae" seeds from prehistoric deposits, which could include globemallow.

Stipa spp. A small amount of Stipa hymenoides grew in the burned pinyon/juniper plot in
1991. However, Stipa comata did well in both sagebrush/bitterbrush plots for most of this study.
Ricegrass grains have been extensively utilized by historic groups, and are commonly encountered
in archaeological sites (Bohrer 1975). One type of needlegrass (Stipa speciosa) was threshed by
burning by the Kawaiisu, who then winnowed and boiled the loose grains (Zigmund 1981).

Viguiera multiflora. Viguiera plants are much more prominent in the two burned study
plots. By the second and third years following the burn, both frequency and coverage had
increased notably. Although Viguiera species elsewhere in the west have provided fish poisons
(Ebeling 1986:759), the difficulty in telling charred achenes from those of Helianthus in
archaeological contexts increases the possibility that Viguiera once offered a food resource as
well.

DISCUSSION

Ecology. .

It is clear that in both communities studied, there are notable differences between the
burned study plot and its adjacent counterpart unburned control plot. The role of a herd of feral
horses on Long Mesa in promoting vegetation differences is unknown. By the end of the five-year
study, the burned pinyon/juniper woodland had no Pinus edulis or Juniperus osteosperma, for
which the plot is named. Oak is clearly the dominant woody member here. Of the shrubs that
have recovered via stump-sprouting, none had become reproductive by 1992. Only
Chrysothammus nauseosus, noted first in 1992 and the sole shrub suspected of having become
established via seed, has flowered.

“ The recovery of the burned sagebrush/bitterbrush plot has been dominated by stump-
- sprouting Amedanchier utahensis and Symphoricarpos oreophilus.’ Of a number of shrubsithat
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returned to this plot, only Symphoricarpos has repfoducéd Both Artemisia tridentata/nova and
Purshia tridentata had become established in the burned sagebrush/ b1tterbrush plot by the end of
the five-year study

Shrub taxa vary in distribution. Shrubs are initially more diverse in unburned plots than in
recently burned ones, but by the end of five years the balance is nearly equal. While generally the
coverage and frequency of individual shrub taxa are also greater in the unburned plots, burning
seems to have greatly enhanced both the coverage and frequency of Gambel's oak in the burned
pinyor/ juniper plot during the first year of recovery.

Shrub taxa also vary in other basic characteristics. The growth mode noted first for all the
shrubs in the burned plots was root crown or stump-sprouting, the production of long, flexible
and leafy stems from the underground portion of the plant. None of these individuals had
matured enough to become reproductive in the first summer following the burn. On the other
hand, the shrubs in the unburned control plots varied in age class, with many of the larger ones
flowering and fruiting.

The herbaceous vegetation has been greatly affected by burning in both communities
studied, especially in the first year after the fire. For example, herbaceous plant diversity doubled
in the burned pinyon/juniper plot between 1990 and 1991, with some species (Nicotiana,
Chenopodium, Schoencrambe, Poa) expressing significant vigor and vitality in 1990. Herbaceous
plant diversity in the burned sagebrush/bitterbrush plot is high, and although many plants are
shared in common with its unburned counterplot, coverage and frequency can be quite different.
It is obvious that the diversity in herbaceous vegetation fostered by burning has helped to create a
mosaic of habitats on Long Mesa.

The amount of litter and bare ground also differs between unburned and burned plots.
Unburned plots have relatively high coverage and frequency of litter, compared to the burned
plots. Unburned piots also have low amounts of bare ground, relative to burned plots. -

Ethnobotany.

A mosaic habitat with four separate vegetation types, two of them fostered by fire, offers
humans a much wider range of choices than two unburned vegetation types alone. Blackened
plots have undergone constant vegetation development. Such a situation provides an increased
array of resources for both fauna and humans. In the burned pinyon/juniper plot humans could
harvest wild tobacco, goosefoot, muttongrass and mustard greens/seeds in the first year following
the fire. Sound, fire-blackened firewood could be gathered along with construction beams,
depending on technology available to work with dead wood. Flexible rabbitbrush stems are first
available three years after a fire. The unburned pinyon/juniper plot offers various grasses, prickly
pear cacti, and lupines, along with living trees for fuelwood and construction timber harvest, and

pinyon nut and juniper berry crops.

. The burned sagebrush/bitterbrush plot offers a variety of resources as well. Flexible
sucker shoots developed from all shrubs except for sagebrush. Potential foods in this plot include -
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mariposa lily bulbs, goosefoot greens/seeds, squirreltail grass grains, buckwheat seeds, junegrass
grains, biscuitroot roots, lupines, muttongrass, knotweed, common globemallow, and needlegrass.
The unburned sagebrush/bitterbrush plot has many of the same resources, plus stoneseeds for
adornment.

Previous research.
Previous research has focused on the role of fire and the major successional stages that

Jead to climax pinyon/juniper communities on the Mesa Verde. A natural lightning-caused fire in

July of 1959 (Morfield Burn) provided the opportunity for Erdman (1970) to evaluate the earliest
stages of succession for a minimum of four years following the burn. These data can be compared
to information from the present study. Erdman also documented a stand of mature pinyon/juniper
woodland on Long Mesa to serve as a control.

Since the locations of the newly burned pinyon/juniper plots in the two studies differed
(Long Mesa, this study; Morfield Burn, previous study), one might not expect the vegetation
recovery trajectories to be identical. Another potentially confusing aspect is that a mixture of
commercial seed was air-dropped over the Morfield Burn in October of 1959 (Erdman 1970:5),
presumably influencing the sequence of natural succession. During the first two years, the pioneer
vegetation of the Morfield Burn was dominated by a sunflower (Helianthus annuus) and a
goosefoot (Chenopodium praetericola), with domestic wheat (7Triticum aestivum), an introduced
brome grass (Bromus japonicus), and a native brome grass (B. carinatus) present at the site
(Erdman 1970:5). In contrast, the Long Mesa burn was dominated by a different species of
goosefoot (Chenopodium fremontii), and totally lacked evidence of sunflower. If
Chenopodium/Helianthus constitutes an early seral stage throughout the Mesa Verde, as
suggested by Erdman (1970:5), for some reason that stage was not repeated in the first year
following the 1989 Long Mesa burn. The ability of feral horses to keep a wild sunflower
population completely in check should be considere

On Long Mesa, the early trajectory of vegetation recovery also included vigorous
populations of Nicotiana attenuata, Schoencrambe linifolia, and Poa fendleriana. Without
considering the effects of the introduced commercial seed, a number of herbaceous plants shared
in common displayed similar representation between the five year old Long Mesa (this study) and
four year old Morfield burned pinyon/juniper plots (Erdman 1970:5). These taxa included
Machaeranthera canescens, Viguiera multiflora, Stipa hymenoides, Lappula redowskii, Lupinus
spp., Chenopodium spp., and Penstemon linarioides. Bare solil, litter and rock were quite similar
in coverage and frequency as well.

The two locations are similar in respect to recovery of woody vegetation. In the Morfield
Burn, many of the fire-adapted shrubs sprouted following the burn, and developed vigorously
within the first year. This also happened in the Long Mesa plot. In both locations, Gambel's oak
sprouted and was in leaf within weeks of the burn, revealing an impressive adaptability to fire.
The same was true for Yucca baccata on Long Mesa. By the third year on Long Mesa, six
shrubs and yucca were all present as stump-sprouters, basically the same ones noted in the
Morfield burn area (Erdman 1970:19) four years after the fire. Notably, the coverages and -~ -
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frequencies of the shrubs monitored in the Long Mesa burn plot were consistently higher, and in
some cases much higher than those in the Morfield plot.

By co-mc:dence both unburned control plots representing mature pmyon/_]umper
woodland were located on Long Mesa. Erdman (1970:13) described pinyon and juniper as co-
dominants, with juniper displaying a higher “Importance Value” (which takes into account
density, frequency and dominance of taxa). The current study essentially reached the same
conclusions. The relative dominance and relative frequency of these two taxa in 1990 appear to
be the same as they were in 1963. Juniper trees still have larger (and often multiple) trunks.
Relative density of pinyon is higher in the current study, influenced by a smaller mean distance to
the trees encountered. Although both pinyon and juniper were well-represented by seedlings in
1963, by 1990 only juniper displayed a balance of age classes suggestive of a healthy taxon -
replacing itself.
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Table 1. Scientific names with common equivalents. Names correspond to 4 Utah Flora
(Welsh et al. 1987).

;Ac illea mlllefollum

ght's birdbeak

Spring parsley

Obedient plant

Western wheatgrass

Redroot buckwheat

Fendlerbush

Sunflower

’ »;fOpuntla (pnckly pear) ek . o
:Orthocarpus purpurea-albus :Owilclover




:Penstemon linarioides

i Penstemon strictus

: Petradoria pumila

Polygonum douglasii

. Purshia tridentata

:Quercus gambelii




T{ Cover and frequency of vegetation in the unburned pinyon/juniper plot.
1990 1991 1992
Cover Freq. Cover Freq. Cover Freq.
% % % % % %

TREES

Juniperus osteosperma 20.14 32.00 32.60 58.00 27.89 5200

Pinus edulis 26.36 52.00 37.60 68.00 32.70 56.00

SHRUBS

Amelanchier utahensis 5.09 18.00 9.18  30.00 6.563 24.00

Artemisia tridentata/nova 6.58 26.00 3.67 24.00 591 26.00

Cercocarpus montanus 8.06 18.00 9.83 30.00

Chrysothamnus depressus 0.28 4.00

Fendlera rupicola 2.07 8.00 212 10.00 518 12.00

Purshia tridentata 6.21 20.00 10.90 34.00 553 28.00

Quercus gambelii 1.44 2.00 1.46 4.00 2.67 4.00

Yucca baccata 1.03 4.00 1.48 6.00 0.55 2.00

HERBS

Balsamorhiza sagittata + 8.00 + 8.00

Chenopodium sp.

Comandra umbellata + 18.00 @ 26.00 @ 26.00

Cordylanthus wrightii + 4.00 @ 18.00

Crepis acuminata

Delrhinium nuttallianum

E elymoides @ 28.00 + 10.00 @ 12.00

E..  _.nspeciosus + 2.00 + 2.00

Eriogonum umbellatum + 2.00

Gramineae + 12.00 1-4 70.00

Koeleria macrantha + 2.00 + 12.00

Lupinus caudatus @ 20.00 @ 16.00

Lupinus polyphylius @ 24.00 # 34.00

Machaeranthera canescens

Opuntia (p. pear) + 4.00 + 6.00 + 4.00

Penstemon linarioides + 2200 @ 44.00 @ 38.00

Petradoria pumila + 8.00 @ 30.00 @ 20.00

Poa fendleriana # 66.00 14 82.00 1-4  58.00

Polygonum douglasii + 4.00 @ 42.00

Stipa comata

Viguiera multiflora

Wyethia arizonica + 2.00

GROUND

Bare soil 1-4  46.00 4-10 68.00 1-4 58.00

Litter 51-75 92.00 76-90 100.00 76-90 100.00

Rock + 10.00 + 14.00 + 18.00

+ Occurring as a single individual with reduced vigor; no measureable cover
@ Ocecurring as 1-2 individuals with normal vigor; no measureable cover

# Occurring as several.individuals; measuré,able cbver,less than 1%.

1993 1994
Cover Freq. Cover Freq.
% % % %
27.30 46.00 28.30 50.00
29.90 52.00 30.70 52.00
6.40 16.00 4.60 12.00
4.80 20.00 4.50 18.00
7.80 18.00 10.00 22.00
3.80 10.00 3.20 10.00
7.10 32.00 7.40 32.00
1.60 2.00 160 200
0.50 4.00 0.50 4.00
@ 4.00 # 8.00
: + 2.00
# 22.00 1-4 28.00
# 14.00 # 6.00
+ 2.00
+ 2.00
# 10.00 # 8.00
@ 4.00 @ 4.00
# 18.00 # 8.00
‘ @ 4.00
1-4  40.00 1-4 50.00
@ 4.00
@ 4.00 @ 4.00
# 28.00 # 34.00
# 20.00 # 22.00
1-4  74.00 4-10  84.00
# 10.00 # 18.00
+ 2.00
+ 2.00
1-4  52.00 1-4 42.00
76-90 100.00 76-30 100.00
@ 6.00 @ 6.00



Table 3. Age class analysis of the unburned pinyon/juniper study plot in 1990* and 1994.
Seedlings are less than 30.4 cm in henght saplings are greater than 30.4 cm, but less than 5 cm in

diameter; trees are greater than 5 cm in diameter.

Species Seedlings Saplings Trees Total
Juniperus osteosperma ,
1990 7 16 14 37
1994 5 22 4 31
Pinus edulis :
1990 1 9 16 26
1994 1 3 3 7

* Based on 9 of 10 data points.



Table 4. Pomt quarter analysis of pinyon and j Jumper in the unburned pinyon/juniper study plot in 1990 and 1994. See Appendix 2
for explanation of calculations.

Number of  Mean Basal* Density - Relative------- Importance Value
Species Trees distance area No/.4047 Dens. Freq. Dom. (Dens+Freq+Dom)
- (meters) (sq. cm) hectare. % % %
Juniperus -
osteosperma
1990 - 26 6.71 22,332 90 29 56 87 172
1994 25 7.24 73,094 77 39 60 96 195
Pinus edulis
1990 14 433 3262 216 71 44 13 128
1994 15 5.96 3022 114 59 39 4 101
All Trees -
1990 - 40 11.04 25,594 306 100 100 100 300
1994 = 40 13.2 76,116 191 100 100 - 100 300

* Basal areas for all trunks of multiple-trunked individuals have been summed to find the total basal area for the specimen.

L,



Table 5. Cover and frequency of vegetation in the burned pinyon/juniper plot.

o,

SHRUBS

Amelanchier utahensis
Cercocarpus montanus
Fendlera rupicola

Purshia tridentata

Quercus gambelii
Symphoricarpos oreophilus
Yucca baccata

HERBS

Bromus tectorum
Calochortus nuttalif
Chenopodium fremontii
Cirsium sp.

Cirsium undulatum
Comandra umbellata
Cordylanthus wrightii
Cymopterus purpureus
Elymus elymoides
Erigeron divergens
Erigeron engelmannii
Eriogonum umbellatum
Gramineae

F *heca villosa

k. _amacrantha
Lactuca serriola
Lappula redowskKii
Lupinus caudatus
Lupinus polyphyllus
Machaeranthera canescens
Microsteris gracilis
Nicotiana attenuata
Opuntia (p. pear)
Pedijcularis centranthera
Penstemon linarioides
Phacelia heterophylla
Poa fendleriana
Polygonum douglasii
Salsola iberica
Schoencrambe linifolia
Stipa hymenoides
Tragopogon sp.
Viguiera muftifiora

GROUND
Bare soil
Litter
Rock

1990
Cover Freq.
% %

" 022 250
1.09 7.50
8.31 25.00
0.08 4.00
121 5.00

# 34.00
+ 10.00
+ 2.00
+ 2.00
+ 6.00
+ 2.00
+ 4.00
@ 20.00
@ 26.00
+ 2.00
+ 4.00
51-75 94.00
4-10 84.00
+ 10.00

1991
Cover Freq.
% %
0.79 8.00
0.54 2.00
1.98 10.00
11.92 28.00
0.41 2.00
1.77 6.00
# 56.00
+ 22.00
+ 4.00
+ 4.00
S 4.00
@ 36.00
+ 14.00
+ 2.00
+ 8.00
+ 2.00
+ 4.00
+ 4.00
@ 30.00
@ 22.00
# 84.00
+ 6.00
@ 20.00
+ 2.00
+ 4.00
@ 38.00
34-50 100.00
© 26-33 100.00

+

40,00

1992
Cover  Freq.
% %
1.02 4.00
0.31 4.00
0.37 2.00
2.73 16.00
12.92  26.00
0.07 2.00
2.54 6.00
@  36.00
+ 2.00
@ 2200
+ - 2.00
+ 8.00
+ 2.00
+ 12.00
+ 6.00
+ 10.00
# 56.00
+ 12.00
+ 2.00
+ 2.00
# 38.00
+ 4.00
+ 2.00
# 26.00
+ 8.00
1-4 96.00
@ 24.00
# 52.00

11-25  92.00
34-50 100.00
+ _ 26.00

» ccurring as a single individual with reduced vigor; no measureable cover
{ curring as 1-2 individuals with normal vigor; no measureable cover

w.. ceurring as several individuals; measureable cover less than 1%.

1993
Cover Freq.
% %
1.83 4.00
1.10 6.00
0.80 4.00
270 18.00
14.40 80.00
0.20 200
3.30 8.00
+ 2.00
+ 2.00
+ 2.00
+ 2.00
# 26.00
# 10.00
# 6.00
@ 4.00
@ 4.00
# 12.00
# 6.00
# 12.00
14 38.00
@ 4.00
1-4 2200
# 22.00
1-4  76.00
# 34.00
@ 4.00
14  60.00
11-25 90.00
34-50 100.00
# 10.00

1994
Cover Freq.
% %

2.00 4.00
1.50 8.00
0.50 2.00
0.30 16.00
13.00 26.00
0.20 200
270 8.00

+ 200

8.00
2.00
8.00
30.00

—_—
L*+*

# 14.00

+

2.00
+ 2.00

@ 400

# 4.00
# 12.00
1-4 56.00

34.00
2.00
14.00

44.00

***:

3+

24.00
2.00

+

1-4 64.00

26-33 88.00
34-50 92.00
#  8.00



Table 6. Cover and frequency of vegetation in the unburned sagebrush/bitterbrush plot.

e
.

;

{

Sh..uBS

Amelanchier utahensis
Artemisia tridentata/nova
Chrysothamnus depressus
Purshia tridentata
Symphoricarpos oreophilus
Tetradymia canescens

HERBS

Achillea millefolium
Artemisia ludoviciana
Astragalus scopulorum
Calochortus nuttallii
Chenopodium fremontii
Cirsium undulatum
Compositae
Cordylanthus wrightii
Crepis acuminata
Cruciferae

Delphinium nuttallianum
Elymus elymoides
Elymus smithii

Erigeron divergens
Erigeron engelmannii
Er~=-an pumilus

{ 1 speciosus

E-. _ .um racemosum
Eriogonum umbellatum
Gayophytum ramosissimum
Gramineae

Koeleria macrantha
Lactuca serriola
Lithospermum ruderale
Lomatium triternatum
Lupinus caudatus
Machaeranthera canescens
Microsteris gracilis
Monocotyledon
Orthocarpus purpurea-albus
Penstemon linarioides
Penstemon strictus
Petradoria pumila
Phacelia heterophyila
Poa fendieriana
Polygonum douglasii
Sphaeralcea coccinea
Stipa comata

Viguiera muftifiora

GROUND
Bare soil
R

1990
Cover Freq.
% %
6.28 16.00
17.30 84.00
1.81  10.00
24.10 76.00
233 6.00
+ 2.00
+ 4.00
+ 2.00
+ 2.00
@ 28.00
+ 6.00
+ 2.00
@ 60.00
+ 2.00
+ 6.00
14 62.00
14 80.00
+. 200
+ 200
+ 2.00
410 90.00

26-33

88.00

1991
Cover Fregq.
% %
6.82 26.00
11.48 92.00
2.06 20.00
15.63 92.00
3.26 8.00

+ 2.00
+ 6.00
@ 40.00
+ 2.00
+ 2.00
# 68.00
+ 14.00
+ 8.00
+ 8.00 -
+ 4.00
# 82.00
# 64.00
# 60.00
1-4  84.00
@ 22.00
+ 22.00
+ 16.00
+ 8.00
+ . 18.00
+ 2.00
@ 24.00
+ 4.00
4-10  90.00
4-10  90.00
+ 10.00
+ 2.00
# 54.00
11-25 100.00
34-50 100.00
+ 10.00

1992
Cover Freq.
% %
6.57 20.00
12.41 74.00
0.90 8.00
14.67 72.00
421  14.00

+ 2.00
+ 4.00
+ 34.00
+ 2.00
+ 2.00
@ 42.00
+ 26.00
+ 2.00
1-4  74.00
+ 8.00
# 70.00
@ 34.00
+ 10.00
@ 2200
# 44.00
+ 10.00
+ 8.00
@ 34.00
@ 16.00
@ 38.00.
@ 28.00
+ 2.00
4-10 72.00
4-10 86.00
@ 56.00
# 50.00
+ 2.00 -
1125 100.00 -
34-50 100.00

+ Occurring as a single individual with reduced vigor; no measureable cover

@ Occurring as 1-2 individuals with normal vigor; no measureable cover
# Occurring as several individuals; measureable cover less than 1%.

1
Cover
%

8.00
11.10
0.70
18.60
5.10
0.40

+ +®

1-4
#
+

+

1-4
+
1-4

#

#

#
#
4-10
+

1-4
1-4

1-4
+

410
76-90

+

993
Freq.
%

20.00

76.00
16.00
78.00
14.00
10.00

2.00

4.00
2.00
2.00

4.00

62.00
8.00
2.00
4.00

66.00
2.00
54.00

6.00

30.00

8.00
8.00

72.00
2.00

66.00
©-64.00

32.00
2.00

92.00
100.00
2.00

1994
Cover Freq.
% %
7.60 20.00
10.60 72.00
0.50 12.00
18.10 74.00
3.50 8.00
0.50 6.00
# 6.00
@ 4.00
# 10.00
+ 2.00
# 8.00
# 2800
14 6200
C# 12.00
+ 2.00
+ 2.00
14 6200
14 68.00
# 18.00
14 52.00
@ 4.00
# 12.00
1-4 76.00
+ 2.00
4-10 82.00
# 26.00
+ 2.00
4-10 88.00 -
54-75 100.00






Table 8. Characteristics of Chenopodium fremontii in the burned pinyon/juniper plot, following

the fire.
Height (m)*
AVG. RANGE
10/19/90 1.17  0.57-1.60
08/08/91 0.12 0.05-0.38
09/24/92 0.26 0.06-0.46

Width (m)
AVG. RANGE
0.60 0.05-1.65

0.03

0.01

0.01-0.11

0.003-0.02

Number
Estimated**
811

6820

2227

* Height and width of 30 plants encountered and measured along a straight-line transect.

** A crew of eight people, equally-spaced across the width of the plot, walked a straight line and
called out estimates of the number of plants in their direct paths.



Appendix 1. Definitions of terms, methods, and techniques employed in this study. Plot sizes or
sampling intervals parallel those of earlier studies, but may seem unusual since they have been
converted to the metric system.

Age class: used to view the overall health of a taxon, by evaluating the number of individuals of
various age classes present in a study plot. Age class data was gathered only for pinyon (Pinus

edulis) and juniper (Juniperus osteosperma) in the unburned pinyon/juniper community. Total

numbers of seedlings (< 30.4 cm in height), saplings (> 30.4 cm in height, but less than 5 cm (2

inches) diameter breast height) and trees (> 5 cm diameter breast height) were tallied within the
study plot in a series of 10 belt transects of 1.2 x 15.2 meters (4 x 50 feet).

Coverage: a type of analysis that takes plant dimensions into account, expressing the size or bulk
of the shoots of each species in relation to space (Daubenmire 1968:41).

Trees and Shrubs: For this project, coverage for trees and shrubs was gathered via a line
intercept method. This consists of mentally imagining a polygon around the periphery of any
trees or shrubs whose individual canopies overlap permanently established lines approximately 25
cm above ground surface. An observer can then follow the established line and record the lengths
of segments along it that cross the polygons of individual plants. The sums of the measurements
for each taxon, in relation to the total length of the line studied (15240 cm/6000 inches), is used
to compute a coverage percentage. Each taxon is evaluated independently, thus if two separate
shrubs overlap the same area along a line, each is considered to do so.

Herbaceous Vegetation: Coverage for non-woody taxa was determined via movable
metal frames known as canopy coverage plots (or "understory windows"), in this case of 30.5 x
61 cm size (12 x 24 inches). Here coverage is measured as an expression of the percentage of
ground included in a vertical mental projection of polygons drawn about the total natural spread
of foliage of each taxon included within a plot. The values for coverage class are actually
estimations (available in Appendix 2). The values for each taxon, plus for rock, litter and bare
soil, are computed separately, regardless of superimposed canopies of different species, but
ignoring intraspecific overlap. Thus, the sums of coverages for a particular plot might easily
exceed 100 % (Daubenmire 1968:44).

Density: is usually understood as the number of individuals of a species per unit area
(Daubenmire 1968:40). For the fire effects study, density of pinyon and juniper per 0. 4047
hectare (1 acre) have been determined only for the unburned pinyon/juniper community. Only
individuals greater than 10 cm (4 inches) basal diameter (by convention measured at ~1 meter
above ground for trees) are included. Density data was accumulated using the Point Quarter
Method (Cottam and Curtis 1956), which focuses on 10 individual data points spaced at 15.2
meter (50 feet) intervals, and accumulates data on the basal diameter of the nearest tree in each of
four quadrants around each data point. The calculations for density are available in Appendix 2.

Frequency is defined as the percentage of occurrence of a taxon in a series of samples of
uniform size (Daubenmire 1968:53). Frequency provides information on the iniformity of
distribution, complimenting data on how many (density) and how much (coverage). Trees



P

and Shrubs: frequencies for woody taxa were calculated by dividing the number of sublines along
which each taxon was recognized by the total number of sublines (50), and converting to
percentage.

Herbaceous Vegetation: frequencies for herbaceous vegetation were calculated by dividing
the total number of canopy coverage plots in which each taxon occurred by the total number of
canopy coverage plots (50), and converting to percentage.

Importance Value: Using information gathered for the Point Quarter Method (Cottam and
Curtis 1956; Erdman 1970), relative density, relative dominance (essentially coverage), and
relative frequency calculations for pinyon and juniper are possible. The sum of these three relative
values are assumed to express the relative importance of each taxon in a given study plot by
simultaneously considering numbers (density), size (coverage), and repeated occurrence
(frequency).

Rules: Some field rules adopted in this research include the following.

1. Inboth burned and unburned plots, dead specimens are not tallied or included in
vegetation monitoring.

2. For canopy coverage plots, if a tree or shrub impedes placement of the coverage frame
along a line, the frame is placed as near to the desired location as possible.

3. For coverage estimates, when there is overlap among individuals of the same taxon
(species), the overlapping area is not counted twice. When there is overlap among two or more
separate taxa or categories, the coverage of each is added independently of the rest.

Study Plot: each study plot is consistently the same size, and marked at the same intervals (see
attached drawing). The basic plot size is 15.2 x 68.6 meters (50 x 225 feet). Frequency and
coverage data for trees and shrubs is gathered along a total of 10 lines spaced at 7.6 meter (25
feet) intervals, with each line divided into 5 sublines of 3.04 meters (10 feet) length, for a total of
50 sublines for data gathering. Frequency and coverage data for herbaceous vegetation is gathered
in 50 total 30.5 x 61 cm (12 x 24 inch) canopy coverage plots, again evenly spaced as in the
attached drawing. Point Quarter Data is accumulated along a long axis of the plot at 15.2 meter
(50') intervals; since a total of 136.8 meters is necessary to accommodate a total of 10 data points,
the long axis of the study plot must be extended an extra 68.6 meters. The age class data for
pinyon and juniper trees is monitored in a total of 10 belt transects, each 1.2 x 15.2 meters (4 x 50
feet) in size and located adjacent to the lines were line-intercept and canopy coverage plots are
evaluated.



Appendix 2. Field Forms utilized in study of Long Mesa. Order of forms which follow:
Diagram of plot layout. '
Cumulative Plant Species List.

Trees and Shrubs, Dominance and Frequency Data (2 pages)
Trees and Shrubs, Summarized Line Data.

Pinyon and Juniper, Age Classes.

Understory Data (2 pages)

Understory Data, Summarized.

Point-Quarter Method, Raw Data.

Point-Quarter Method, Summarized Data.

Notes.
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- PLANT SPECIES LIST

BURNED FLOT §___ or UNBURNED PLOT & __ Date

Nages of observers

- -Bate first Speriss Crow Canyon
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“TREES AND SHRUBS, LINES -5
‘ BURNED PLOT §___ or UNBURNED PLOT § Date

Names of observers

Trees and Shrubs: Dominance and Freguency
For each species, record the total number of ca of canopies that project over each subline.
Each line = 15.2 meters {30 {feet). Each subline = 3,04 meters {10 fept).

-~ Please put 3 large *I" through any line that your group did not de on this day.

e
Subline 1 I43% 12343 123835 1

i Line 2 Line 3 -l

L
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UNDERSTORY DATA, SUMMARIZED.

Nazes of observers

BURMED PLOT #___ or UMBURNED PLOT 4

UNDERSTORY DATA:

e Species

ROCK

LITTER

SUMKARIZED PLOT DATA

30 Total Observations

Average Coverage Class
(Round up or downj

22y 9o



POINT GUARTER METHOD-RAW DATA

Names of observers

UNBURNED PLOT % Date

Done For Pinus edulis and Juniperys ostepspersa ONLY, that are > 10 ca (4"}.basal diaseter. szaéJL

Point Quarter Methed. Do 10 total points, at 15.2 seter (50°) intervals. By ccnventinnu‘diaaeter of trees is

peasured at Breast Height (* | seter above ground).
Point Buadrant 1 = NE Buadrant 2 = 5E

{. BSpecies

Buadrant 3 = SR Quadrant 4 = Nit

Distance to tree {geters}

Diameter (cal, B.H.
Basal area {sq cali

2. Speries

Distance to tree {meters)
Diameter (ca}, R.H.
Basal area isq ol

3. Species

Distance to tree {meters!
Diameter {cm}, B.H.

" Basal area {sg cal%

4, Species

Dictance to tree {meters}
Dizaeter {ca), B.H.
Bagal area (sq camli

3. Species

Distance to tree {meters)
Diageter {cai, B.H,
Basal area (sg cmi¥

b, Species

Distance to tree {geters)
Diameter {ca2l, B.H.
Basal area f{sq cmi¥

=

B. GSperies

Distance to tree imeters)
Diameter {cml, B.H.

Basal area {sgq cel¥

9. GSpecies

Distanze to tree (geterc)
izmeter {ral), B.H.-
Basal arez isg cali

Basal area {sg

sg cmii
¥ Caiculate Basal Area {sg cal via the forpula:r Bazal dreza = 3.1415 » radius spuared




POINT QUARTER METHOD, SUHﬁARIZED DATA ' . : Lo B

UKBURMED PLOT $ Date
Names of ohservers )

Done For Pinus edulis and Juniperus ostsssperma OHLY, that are » 10 ca basal diameterd,
Uniperus o5Lens: B s

SUMMARTIED DATA from Foint fQuarter Hethod, See explarations below.

Species & of Trees Mean distance Total Basal Area Density Relative Relative kelative Isportance
(meters) " lsguare cal tNo/.4047) Density-%1 Freguency-% Dominance-1 Value (D+F+D)
hectares '
Pinusg :
edulis
Juniperus
osisopseraa

Mezn distance = add ail distances of all pinyen trees, and divide by the total # of pinyon trees, Repeat for juniper,

A Bacal diameter of trees is taken at “breast height”, ™ ! meter zhove ground. Sum all basal areas ¢rom 4iszid
warksheets,

Density {No./8047 sguare meters) = 4047 s0. aeters
mean distance fo pinyors, sguared.
This will give us the absolute density per .4047 hectzres (= 1 acre of previous studies), Repeat for juriper,

Relative Dencity | = ahsolute density

j ensity of ginyon X 100,
sup of absolute demsit

BS, pinyon + iuniper

f
i

-
mn
ot
6
ot
o

ive Freguency % = Total % of the 10 poi

Relative Dominance % = tptal basal ares of ninys

Importance Value = sum the Relative values for Density + Frequency + Dosinance.




Vo

- JVOTES.

Nages of chservers

NOTES:

pt

BURNED PLOT #

or UNBURNED PLOT #

Thef

bl2d 95






