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Preface 

This paper includes information from floristic studies that were made 15 years ago. In an attempt to 

"round-up" all data from previous plant surveys for the development of a vegetation land cover map, 

we have decided to compile this information in this report. Succession studies are rare for the area, 

and the information gathered provides a small amount of data that may be useful in the future. Each 

of the fields described has had other disturbances since the original study in 1982. Except for two 

fields, we have not collected quantitative data since 1982. In 1993, in association with other studies, 

we reestablished transects on two of the fields within Los Alamos National Laboratory boundaries. 

In this report, we compare the data collected from the two fields in 1982 with that collected in 1993. 

We have documented changes in the fields through photography of each site, and we have 

incorporated old photographs taken in 1964 by Homer Pickens. In 1996, we revisited the sites, 

developed global positioning system (GPS) points, and took additional photographs. Where 

appropriate we have included these comparative photographs. 

viii 
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Abstract 

Eight fallow historic fields of the ponderosa pine and pinon-juniper cover types were surveyed to 
determine species composition and distribution. The purpose of the study was to understand plant 
succession on old fields as related to mechanically manipulated sites such as material disposal areas 
(MD As). Additionally, we wanted a listing of species on disturbed lands of the Pajarito Plateau to 
aide in the reclamation planning of MD As using native species. We also wanted to determine if any 
species could be used as an indicator of disturbance. The eight historic fields were all within Los 
Alamos County, New Mexico, and had been abandoned in 1943. Two sites were within the 
boundaries ofLos Alamos National Laboratory and were studied both in 1982 and 1993. The other 
sites were in the northern part of Los Alamos County, on Forest Service lands, and were studied only 
in 1982. The study provides a description of each of the field sites, historic information about the 
homesteads from patent applications, a photographic record of some of the sites, and a listing of 
species found within each field. Statistical analyses were used to compare the information obtained 
from each field, data collected in two fields in 1982 and 1993, and data from MDAs in a similar 
time period with the old field data. We also determined which plant species were the most 
dominant on each site and compared that data with information for adjacent forested areas. The 
study showed that there were 78 different plant species found on disturbed sites. Of these 78 
species, 23 were found to be dominant on one or more of the MDAs or old fields. However, only 5 
species were common on all sites. The species in the genus Artemisia (A. carruthii and A. 
dracunculus) were found to be dominant on both MDAs and old fields. Both species were a good 
indicator of disturbance. When we compared the 1982 data with the 1993 data collected on two 
fields, we found forb species were replaced by grass as succession proceeded. A cluster analysis 
comparing old fields with MDAs showed that the old fields and MDAs were dissimilar. However, 
the cluster analysis did show that MDAs were similar to MDAs and old fields similar to old fields. 
The MDAs appeared to have more species common to earlier successional stages than did the old 
fields. Historically, the MDA disturbance is more recent than the old-field disturbance by 10 to 20 
years. Species such as sweet clover and cheat grass were found on MDAs but only occasionally in old 
fields. Mid- to late-successional species were commonly found on old fields. Although, the 
disturbance history of each site is imperfectly known, the study does provide an indication of 
successional processes within disturbed sites of the Pajarito Plateau. Additionally, it provides a listing 
of species that will invade disturbed sites, species that may be used in site reclamation. 



1.0 Introduction 
Disturbance, both man-made (e.g., 

construction bulldozing) and natural (e.g., fire, 
flood), leads a successional process by which 
bare soil becomes vegetated. An understanding 
of the species composition at the various stages 
along the successional process is important to 
understand the reclamation of an area, the 
prevention of soil loss, and, in some cases, the 
integrity of a site-that is, was there some 
undocumented disturbance during the process 
such as grazing or effluent dumping? 

In the 1980s, there was concern about the 
integrity of waste site covers due to the invasion 
and development of plant communities within 
the disturbed areas. Hakanson et al. (1981) 
showed that rooting depths of plants, the 
evapotranspiration rates, and the attraction of 
such sites to burrowing animals were influential 
factors in waste site integrity. Shallow-rooted 
plants and those with high evapotranspiration 
rates were more desirable than deep-rooted 
plants. Deep-rooted plants could breach covers 
and potentially bririg contaminants to the 
surface or could be a pathway for water to enter 
waste. Thus the site cover preparation, the 
seeding and planting of species, and the 
maintenance strategis=s were important for long-. . . 
term waste sue mtegnty. 

To understand the long-term integrity of a 
site, we needed to know what plants were on 
the present sites and what would be the long­
term establishment of plants on a site 
(successional processes). In 1980, we surveyed 
the flora of waste disposal sites (now known as 
material disposal areas [MDAs]) at Los Alamos 
National Laboratory (I.ANL) (Tierney and 
Foxx 1982). During those studies, we found 
four species of Artmzisia (wormwood)-A. 
dracunculus (false tarragon), A. fiigida 
(estafiata), A. ludoviciana subsp. albula 
(Louisiana wormwood), and A. carruthii 
(Carruth wormwood)- were common 
components of the flora of disturbed sites. 
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Three of the MDAs had been placed on 
fallow fields that had been abandoned in the 
1940s. In areas of the field not disturbed by the 
waste site preparation, there seemed to be a 
similar pattern of composition with a common 
component being species of Artmzisia. 
Therefore, in 1982, the study was expanded to 
look at old-field sites both on and offl.ANL. 

Eight fallow historic fields in the ponderosa 
pine and pinon-juniper cover types were chosen 
for this study. The eight sites were selected for 
the following reasons: (I) the original 
dimensions of the historic agricultural areas 
could be determined from various maps and 
ground surveys, (2) some temporal parameters 
were available from historical documentation, 
and (3) nearly all sites were either on LANL or 
United States Forest Service (USPS) lands that 
were easily accessible. All sites were within Los 
Alamos County and were part of the federal 
buy-out or condemnation process for the 
Manhattan Project; thus, all the fields were 
abandoned at the same time (1943). 

The surveys were intended to document 
plants characterizing the disturbed areas in and 
around LANL to help in the prediction of 
response of plants to disturbance and to provide 
a list of potential indicators of previous 
disturbance. 

1.1 Literature Review 
The Pajarito Plateau has had a long history 

of use by different groups of peoples. Evidence 
of prehistoric ruins and gardens shows 
disturbance by man as early as 10,000 years ago 
(Steen 1977). The plateau has been logged, 
grazed, and dry-farmed since the end of the 
.1800s. More recent disturbances include 
burned areas, disposal sites, roads, and other 
structures, which provide an opportunity to 
study the response of the flora to disturbances 
over wide time scales. 
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Patterns of succession have been a topic of 
research since the late 1800s. It was possible to 
identify types of disturbances and the time of 
abandonment through records. Some of the 
earliest research involved roadside disturbances. 
Shantz (1917) found that succession in these 
areas went through an early-weed phase, a late­
weed phase, a shon-lived grass phase, a 
perennial phase, an early shon-grass phase, and 
a late shon-grass phase. This eventually led to a 
shon-grass sod community, which could also be 
found in undisturbed communities. Research 
by other individuals recorded patterns similar to 
Shantz's by studying fields from the time of 
abandonment (Savage and Runyon 1937, Judd 
and Jackson 1939, Judd 1940, and Weaver and 
Albertson 1956). In 1944, Costello defined a 
model for successional processes. With an 
increase in the species composition, he reported 
(I) the replacement of annuals by perennials, 
(2) a gradual reduction in the percentage of 
composition contributed by forbs, (3) the 
increased abundance of grass, and (4) an 
increase in density of ground cover. This was 
generally supponed by Lauchbaugh (1955) who 
described the pattern of succession after 
abandonment in three phases: (1) forbs and 
annual grass, (2) subclimax perennial grass, and 
(3) perennial grass climax. In a further study, 
Tomanek et al. (1955) found that abandoned 
fields in central Kansas had a 33% cover value 
of which two-thirds were long-lived perennials 
and one-third were shon-lived perennials. 
Additional disturbances to fields have also been 
researched such as Dyksterhuis' study ( 1948). 
He found that fields that experienced little or 
no livestock grazing and those protected from 
excessive erosion would recover more quickly 
than those that had suffered further 
disturbance. 

The study of old fields has contributed 
more than succession patterns. There has been 
an effon to identify plant species that indicate 
previous disturbances. Plants generally known 
as "colonizers" are usually the first to grow on 
disturbed sites. Sites can be occupied by native 
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or introduced plants that can out-compete 
other species when the natural community is 
upset (Dury and Nisbet 1973). For instance, in 
the 1940s and 1950s, tumbleweeds (Sa/sola 
kalz) were introduced into the Southwest in a 
flax shipment. Plants growing on prehistoric 
ruins are usually different from the 
surrounding, undisturbed communities and are 
often ones known to have been of some 
economic value during prehistoric times in the 
Southwest (Yarnelll958). On historic sites, old 
animal pens, dry-farmed fields, logged areas, 
and homestead sites all seem to have 
vegetational compositions different from their 
surroundings. Additional work by Tierney and 
Foxx (1982) on low-level radioactive waste 
disposal sites in the Los Alamos area has found 
one or more wormwood species to have the 
highest imponance indices, and are also 
different from surrounding vegetation 
composition. 

2.0 Location Of Study 
The old-field study sites are located within 

Los Alamos County, New Mexico, on the 
Pajarito Plateau. The Pajarito Plateau is on the 
east-central edge of the Jemez Mountains 
(Figure 1). These mountains are formed by a 
complex pile of volcanic rocks along the 
northwest margin of the Rio Grande rift in 
north-central New Mexico. The plateau, which 
forms an apron of volcanic sedimentary rocks 
along the eastern flank of the mountains, is 
aligned approximately north-south and is about 
32 to 40 km (20 to 25 mi) in length and 8 to 
16 km (5 to I 0 mi) wide. The plateau slopes 
gently eastward from an elevation of about 
2286 m (7500 ft) near the mountains toward 
the Rio Grande, where it terminates at an 
elevation of about 1889 m (6200 ft) in steep 
slopes formed by the down-cutting of the Rio 
Grande, which lies at 1647 m (5400 ft). 
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Figure 1. Old-field sites in and around Los Alamos National Laboratory on the 
Pajarito Plateau within Los Alamos County, New Mexico. 
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The plateau has been dissected into a 
number of narrow mesas by southeast-trending 
intermittent streams. The apronlike plateau at 
the base of the mountains extends into 
fingerlike mesas separated by deep canyons. 
The geological substrate, Bandelier Tuff, was 

deposited from volcanic eruptions in the Jemez 
Mountains about I.I to I.4 million years ago 
(l.ANL I988). The tuffs overlap other 
volcanics, which are underlain by the 
conglomerate of the Puye Formation (I.ANL 
1988). This conglomerate intermixes with 
Chino Mesa basalts along the Rio Grande. 

The climate of this area is characterized by a 
semiarid, temperate mountain climate with 
summer temperatures typically ranging from I 0 
to 22°C (50 to 80°F) during a 24-hr period 
(Bowen I990). Winter temperatures generally 
range from about -6 to 1I oc (the teens to 50°F) 
during a 24-hr period. The annual 
precipitation in the vicinity of Los Alamos 
ranges from 32 to 46 em (13 to I8 in.) with 
much of it occurring during summer rain 
showers in July and August. 

3.0 Historical Background of the Pajarito 
Plateau 

The Pajarito Plateau has been in use for at 
least IO,OOO years. Hunter/gatherer groups of 
Paleo-Indians, identified by their spear points, 
traversed the plateau probably for wild game, 
berries, nuts, and other wild fruits (Steen 
I977). Around the late IIOOs, the Pueblo 
Indians settled in the area and began agriculture 
on the mesas and canyon bottoms (Foxx and 
Tierney I984). The ftrst extensive farming on 
the Pajarito Plateau was about II 50 AD by the 
Pueblo III peoples. Large pueblo settlements 
were in place in the late 1300s but were 
abandoned about I500 AD, possibly due to 
drought and soil depletion (Steen I977). 
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With the arrival of the Spanish, grazing 
animals such as sheep, goats, cows, and horses 
were introduced. Sheep were the major 
domestic livestock until the late I800s, when 
cattle became more profitable. Historical 
information indicates that Pajarito Canyon was 
used as a source of water for sheep and later, 
possibly, for cattle from nearby ranches. 

From I7 42 to I75I Pedro Sanchez owned 
the land that became known as the Ramon 
Vigil Grant (Figure 2). Pedro Sanchez lived in 
Santa Cruz, and in I7 4I he petitioned 
Governor Gaspar Domingo Mendoza for a 
grant of vacant land west of the Rio Grande in 
order to support his family. Nearly I 00 years 
later heirs of Pedro Sanchez sold the grant to 
Ramon Vigil (August I85I) just at the time the 
US Government was surveying the area; 
therefore, the name Ramon Vigil Grant. From 
I879 to 1943 the grant changed hands several 
times, eventually coming under ownership of 
Winfield Smith of Milwaukee, Wisconsin, and 
Edward P. Shelton of Cleveland, Ohio. From 
that time until the early I940s, the grant was 
used for lumbering, grazing livestock, and 
homesteading. 

In I897, H. S. Buckman bought logging 
and timber rights to the Ramon Vigil Grant, 
which was just east and south of the Anchor 
Ranch. A newspaper article of December I903 
speculated that Buckman cut 36,000,000 board 
feet on the 32,000-acre grant. Areas adjacent to 
the Grant were also logged when the land was 
sold to the Ramon Land and Lumber Company 
in I906. The logging industry continued clear­
cutting areas into the I940s (Foxx and Tierney 
I984). 

From approximately I885 through I887, 
the Ramon Vigil Grant was rented to a Texas 
cattleman, W. C. Bishop, who ran 3000 head of 
cattle on 32,000 acres (Chambers I974). From 
the early I900s through the I940s, the land was 
used as part of the Grant USFS grazing 
allotments. The Ramon Vigil Grant allotment 
supported I90 animals (Forest Service Memos 
archived at the Los Alamos Historical Society). 
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After the Homestead Act of 1862, the 
plateau west and north of the Ramon Vigil 
Grant became homesteads for summer grazing 
areas and subsistence agriculture. The act 
granted quarter-sections of land to any settler 
who occupied a site for five years. Sections of 
mesa top and canyon bottom were cleared for 
such crops as beans, wheat, corn, alfalfa, and 
oats. In addition to cash crops, settlers usually 
had small vegetable gardens and fruit orchards 
near their cabins (McGehee et al., pers. com.) 
Settlers also kept small herds of goats, horses, 
cows, and sheep (Foxx and Tierney 1984). 
Most families stayed during the warm months 
and wintered in towns such as Buckman and 
Santa Fe or in the Espanola Valley. By 1937, 35 
homesteads occupied about IS km2 (6 mil) of 
the Pajarito Plateau (Figure 3)(Foxx and Tierney 
1984). Eventually the lands known as the 
Ramon Vigil Grant were purchased by Frank 
Bond of Espanola. Much of the grant was 
acquired by the Federal Government in 1943 
for the Manhattan Project. Later in the 1960s, 
portions of the southern boundary of the grant 
became part of Bandelier National Monument. 
Los Alamos County was established by state 
statute in 1948 from Santa Fe and Sandoval 
Counties, and the communities of Los Alamos 
and White Rock developed. 

In 1943, the Federal Government acquired 
approximately 54,000 acres of the plateau 
through condemnation or purchase (Chambers 
1974) (Figure 4 and Appendix A). Farms and 
the Los Alamos Ranch School were abandoned 
and grazing allotments were discontinued. The 
acquired area included six of the old homestead 
sites examined in this study. 

After World War II, the Laboratory 
continued to exist. From the beginning, 
buildings and facilities were often placed in 
areas cleared by logging or farming. The result 
is that fallow fields, homestead sites, and logged 
areas have had different disturbances occurring 
over the decades. In more recent years 
urbanization, including development of road 
ways, extensive building, and waste burial (to 
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name a few) have disturbed both forested and 
nonforested sites. Areas that revened back to 
the USFS have been used for recreation and 
some cattle grazing. 

Some reclamation of sites has occurred in 
the past 45 years. After the purchase or 
condemnation of the homesteads and adjacent 
agricultural fields, erosion became a severe 
problem in Garcia Canyon (Pickens 1964). In 
the early 1960s, a watershed development 
project was established to alleviate this problem. 

4.0 Description of Homestead Sites 
Appendix B, Table B-1 shows a listing of all 

the homesteads of the Los Alamos area 
compiled from Bureau of Land Management 
(BLM) records. The listing has cenificate 
numbers, application numbers, date, and 
acreage. Appendix B, Table B-2 provides 
information compiled by R F. Shaw comparing 
the 1942 owners with the original grantees. 
Appendix B, Table B-3 shows the grazing 
allotments and animals on each allotment in 
1943. Information in the following section is a 
summation from these lists and homestead 
documents obtained from the National 
Archives. Because of landscape changes, 
inheritances, and indistinct maps, we have used 
a variety of sources to determine the names of 
each site. 

Fields 1, 2, and 3 (Archuleta, Garcia, and 
Ekberg Fields) are located in Garcia Canyon on 
land that now belongs to the USFS or is in 
private ownership. Fields 4 and 5 (Chupaderos 
and Pumice Mine Fields) are located on the 
Santa Fe National Forest. Field 6 (Serna Field) 
is within Rendija Canyon and is on land 
belonging to the Depanment of Energy (DOE) 
and is near the Sportsman's Club firing range. 
Two fields are within the boundaries ofLANL; 
Field 7 (Montoya Field) is on Sigma Mesa and 
Field 8 (Montoya y Gomez Field) is on 
Twomile Mesa. Tables 1 and 2 give descriptive 
and historical information about the fields. 
Table 1 gives the location of each field; Table 2 
indicates the homesteader and the crops grown. 
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Figure 3. Aerial photograph of Los Alamos townsite taken in 1935 showing the extensive land areas used 
for dry-land farming (National Archives and Record Service, Washington, DC, 

Rio Grande Series No. 1477). Scale is 1:4680. 
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c;l Table 1. Location of fields. 

Field Name and Number Northing Easting Township Range Section Elevation Location 

Archuleta Field (I) 3979036.4 384682.9 20N 6E 23 2232 m (7440 ft) Mesa above Garcia-Alamitos Canyon 

Garcia Field (2) 3979674.5 385795.3 20N 6E 23 2130 m (7100 ft) Garcia Canyon 

Ekberg Field (3) 3979746.2 388173.3 · 20N 7E 19 2099 m (7000 ft) Garcia Canyon 

Chupaderos Field (4) 3977398.9 388962.7 20N 7E 30 2055 m (6850 ft) Chupaderos Canyon 

Pumice Mine Field (5) 3975187.4 389798.9 19N, 20N 7E 5 1980 m (6600 ft) Above Guaje Canyon 

Serna Field (6) 3974723.7 385514.5 19N 6E 2 2070 m (6900 ft) Rendija Canyon 

Montoya Field (7) 3970146.4 382873.7 19N 6E 22 2190 m (7300 ft) Sigma Mesa 

Montoya y Gomez Field (8) 3969535.2 380691.8 19N 6E 20 2190 m (7300 ft) Twomile Mesa 

Table 2. Site name and homesteader as related to crops and livestock. 

Field Name (Number) Homesteader Year Acres Crops Livestock Grazing Allotment (# of animals) 

Archuleta Field (I) Ezequiel Garcia 1915 
0 

57.5 corn, beans, cattle, chickens 18 
a: oats, potatos, 
::h wheat CD a: Garcia Field (2) Adolfo Garcia 1919 59.5 beans, corn, cattle, chickens, 27 "U 
iii' barley, wheat hogs :::J ; -en Ekberg Field (3) Garcia 1920-30s ? beans cattle 1: 
c ' n Chupaderos Field (4) large livestock 

.. 
none ~ 

il • 
rn Pumice Mine Field (5) ? large livestock 
6' 

Serna Field (6) Andres Martinez 1912 62.25 beans, corn, livestock :::J 
0 

wheat, peas, :::J -;:r garden seeds CD 
-o 
.!!. Montoya Field (7) Jos~ Albino Montoya 1911 90 beans, corn, chickens, 
Dl 

3: oats large livestock 
0 
-o Montoya y Gomez Field (8) Donaciano Gomez 1899 
I 

160 horses 28 

Dl 
c 



4.1 Field 1 (Archuleta/Alamitos Field) 
This homestead field was patented under 

Ezequiel Garcia in 1922. It was referred to as 
the Archuleta Field in documents by Homer 
Pickens and is called Alamitos in other 
literature. Garcia homesteaded approximately 
42.5 acres in 1922 and an additional 14.98 
acres in 1938. His first homestead entry was 
filed in 1914, but permanent residence on the 
land began in 1915. Improvements to the 
pared included a one-room log house, a corral 
made of logs, a chicken house, and a wire fence 
on the west side of the property. Only 25 acres 
were listed as suitable for cultivation, and by 
1921 all of this was planted in crops. Corn and 
beans were the major food items grown, with 
the addition of oats, potatoes, and wheat over 
the years the land was occupied. The land had 
no merchantable timber, nor was it suitable for 
irrigation. 

In USFS documents for 1943, the grazing 
allotments belonged to six individuals 
surnamed Garcia, two named Gomez, two 
named Gonzales, one Grant, one Lopez, three 
named Roybal, and two named Trujillo. A total 
of 190 animals were allowed (Appendix B). 

This field lies at the highest altitude, 2232 
m (7 440 ft), of all the fields in the Garcia­
Chupaderos Canyons area. Two log buildings 
still stand on the site along with part of an 
horno (oven). Figure 5 shows the condition of 
the buildings on the site in (a) 1982, (b) 1993, 
and (c) 1996. 

We found that there were some relatively 
large ponderosa pine trees scattered throughout 
the field. Also, some large stumps were next to 
10- to 12-in.-diameter trees that probably grew 
after the stumps had been cut. This mesa top 
location is surrounded by ponderosa pine and 
gamble oak. 

The Archuleta Field suffered from extensive 
erosion when farming ceased and the land was 
no longer tilled. As part of the Northern Rio 
Grande Resource Conservation and 
Development Project, three homestead fields (a 
total of 60 acres) were planted with grasses, 
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forbs, and woody plants of food value to deer 
and wild turkey as well as a soil cover to prevent 
erosion. The field was treated by disking twice 
to reduce competing vegetation and seeded and 
packed. The southwest corner of the field was 

also mulched with hay (Figures 6 to 9). The 
area was seeded with mountain mahogany 
( Cercocarpus montanus) to improve browse 
potential on the site (Figure 10). In a 
September 1964 memo from L. K Sandoval, 
Work Unit Conservationist, Soil Conservation 
Service (SCS), to E. E. Wingfield, ChiefProject 
Support Branch, Mr. Sandoval writes as follows: 

"The disking of Archuletta field has been 
completed in preparation for seeding. The 
results of this operation indicate a 75% weed 
kill., 

In an October 1964 memo to Hudon Ray, 
SCS, Glenn C. Niner states that the following 
accomplishments have been completed: 

':Archuleta Field was treated first . . . . All but 
a portion of the field was re-disked with the 
Game Department disk as competing 
vegetation was not sufficiently reduced with 
summer disking. Resulting seed bed on much 
of the field was finely powdered and very loose. 
Till-and-Pack seeder furnished by Rust Tractors 
Company did fair job of firming soil except for 
powdery surface. The field was planted by 
either the Till-and-Pack or grain drill. The 
hay mulch was used in the southwest corner of 
this field. " 
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This memo goes on to say that in July 196 5 
the area will be planted with 

Indiangrass (PM-C-54) 
Little bluestem (Pastura) 
Big bluestem (PM-C-119) 
Blue grama (Lovington) 
Sideoats (Vaugh and PM-NM-368) 
Browse species may also be used. 

In another memo dared August 1964 from 
S. H. Fuchs ro E. E. Wingfield the following is 
stated: 

"The sage prevalent on most of the field 
(probably Artemisia gnaphalodes) is a 
rhyzomatous plant and will undoubtedly offer 
a lot of competition to seedlings that come up. 
The sage will likely be difficult to kill we 
would like for the A. E. C. 1 to disc :Archuletta' 
field as soon as possible. 

Mountain mahogany seed fUrnished by the 
AEC will be cleaned and used in the planting. 

Additionally the New Mexico Department of 
Game and Fish will 'provide Mountain 
mahogany, bitter brush, and 4-winged 
saltbush.' 

The Soil Conservation Service will provide the 
following species: Indian ricegrass, western 
wheatgrass, crested wheatgrass, Siberian wheat, 
pubescent wheat, Russian wildrye, big 
bluegrass, Stipa-Oryzopsis, green needle grass, 
basin wildrye, sideoats grama, and 4-winged 
saltbush." 

In a memo ro L. K. Sandoval on August 8, 
1965, James Folks reported the following 
information about the soils on Archuleta, 
Garcia, and Homestead Fields. 
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"I surveyed the 3 tracts of land in Los Alamos 
County that the AEC is interested in reseeding. 

All tracts consist of one mapping unit, which is 
unnamed loam, 1 to 9 percent slopes. This soil 
consists of 6 to 16 inches thick. The subsoil is 
of moderate, medium subangular blocky 
structure. The permeability is moderate. 

This soil is leached of lime from 10 to 30 
inches. It has a tendency to crust on the 
surface reducing the intake rate and increasing 
the runoff 

This soil is developing in materia/from acid 
igneous rocks, pumice, and other volcanic 
debris. It appears to be low in organic matter 
and shows signs of being very susceptible to 
eroszon. 

Compaction of fill material for clams, dikes, 
etc., is hazardous due to high silt content. Pit 
type tanks in this soil are more suitable. 

The slope varies from 1 to 9 percent with 5 
percent being the most dominant. Gullies 1 to 
3 feet deep are common on lower tracts. 

Small areas ofpumice, conglomerate, and some 
rhyolite are included in this mapping unit. " 

Figure 11 shows the condition of the gullies 
in (a) 1982 and (b and c) 1993. 

4.2 Field 2 (Garcia Field) 
At the time of the buy-our, fields in Garcia 

Canyon were under the name of Adolfo Garcia. 
In the May 19, 1924 Homestead entry, he says 
his land is bounded on the east by the Juan Luis 

· Garcia Homestead. Juan Garcia had 
homesteaded in 1887. 

1A.E.C. is the Atomic Energy Commission (AEC) 
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Figure 5. The condition of the two Jog houses on Archuleta Field (Field I) in (a) 1982 and (b) 1993. 
and the main Jog house in (c) 1996. 
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Figure 6. Bags of seed for planting and bales of hay for mulching purposes as pan of the 
experimental work to be done on Archuleta Field (Field 1) in 1964. 

Figure 7. Planting forage seed before mulching with hay on Archuleta Field (Field 1) in 1964. 
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Figure 8. Tlll-and-pack seed drill firming seed bed after dusting on 
Archuleta Field (Field 1) in 1964. 

Figure 9. Mulching with hay on Archuleta Field (Field I) in 1964. 
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Figure I 0. Mountain mahogany ( Cercocarpus montanus) seeds planted on Archuleta Field (Field I) in I964. 

In a letter to the Secretary of Interior, May 
14, 1914, there was a request for open land (55 
acres) applied for by Adolfo Garcia in 1910. 
Garcia and his family began residence on the 
land in 1914 and filed a homestead application 
in 1921 for 55 acres. Another application was 
made in 1932 for an additional4.5 acres of 
land. Land parents were issued in 1924 and in 
1933. Improvements made to the land 
included a three-room log house, a stable, one 
corral for cattle, a wire fence:: encompassing 35 
acres, a chicken coop, and a hog pen. The 1921 
application included this description. 

"Improvement[s} I have made on the land 
consist of the fence enclosing 35 and 55 acres 
and constructed of 3 barb wires, cedar posts 
and pitch pine posts, posts about 2 yards apart 
and the fence worth about $300. The log 
house is approximately 10 logs high or 10ft 
and outside dimensions about 10ft by 20ft 
and the house worth about $600; other 
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improvements are a chicken house, pig pen and 
yard, corral for cattle and a tool house of 
lumber all worth about $300 more. " 

Figure 12 shows the condition of the log 
house in (a) 1982, (b) 1993, and (c) 1996. 

Adolfo Garcia grew several crops on the 
homestead. In 1919, 18 acres of beans, corn, 
and wheat were cultivated. A crop of barley was 
added to the fields in 1923. The:: acreage:: was 
increased in 1920 to 18.5 acres and again in 
1920 to 19.5 acres. The:: first year, 1919, he 
harvested 5000 lb of beans, 3000 lb of corn, 
and 2500 lb of wheat. In 1920 he harvested 
2000 lb of beans, 2500 lb of corn, and 1875 lb 
of wheat. The harvest was much less in 1922 
with only 200 lb of beans, 600 lb of corn, and 
500 lb of wheat. In 1923 he harvested 1000 lb 
ofbeans, 5000 lb of corn, and 2375lb of 
barley. (Homestead Entry, May 19, 1924). 
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The elevation of this site is about 2130 m 
(7100 ft). It is generally situated in ponderosa 
pine cover type. A cabin is located at the west 
end of the homestead, and fields lie to the 
northeast. Several stone diversions or water 
catchment dams are among the trees to the 
northeast side, and a ditch runs along the upper 
south side of the fields. These are believed to be 
prehistoric structures, along with a ruin west of 
the cabin. After the land was removed from 
cultivation, erosion apparently became a large 
problem. Records from Homer Pickins indicate 
that in 1964 a Wildlife Habitat and Watershed 
Development Project was undertaken to use 
fields in Garcia Canyon as an experiment for 
planting various types of forage seed. A water 
catchment was put in or enlarged. Figure 13 
shows the water catchment through time. The 
entire field was disked (Figure 14) and seeded 
with Menodora scabra and Petalostemum 
purpureum. Boy scouts planted trees and 
shrubs (Figure 15). During this three-year 
project, the entire upper south half of the field 
was planted with pine seedlings. Erosion now 
seems to be minimal. 

In a memo to file by Homer Pickens, July 
25, 1966, Pickens indicates, 

"On July 21, 1966, two varieties of ground 
cover were planted in Garcia field near the 
1962 sign post. 

1. Menodora Scabra or Rough Menodora 
2. Petalostemum Purpureum or Purple 

Prairie Clover. 
These are experimental plantings to detemine 
their value in erosion control and food for 
wildlife." 

4.3 Field 3 (Ekberg Field) 
The Garcia family eventually acquired 

adjacent homesteads and tracts ofland 
throughout Garcia Canyon to the east. All lands 
owned by the Garcias were planted in beans. 
The names we have located for this field include 
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Homestead Field-during Homer Picken's 
reclamation project-and Ekberg Field. In 
1982 when we did the surveys, the lands were 
owned by the Ekbergs. This field was pan of 
the early acquisition by the AEC along with 
other fields. 

The elevation of this site is about 2099 m 
(7000 ft), and the site is located east of Garcia 
Field. It lies on a bench above the stream 
channel and gently slopes to the east in a 
ponderosa pine-dominated community. 

Heavy erosion also became a problem in 
this field after the land was sold to the 
government. Water catchments were apparently 
developed on these fields also (Figure 16). The 
land was reclaimed in 1964 under the same 
program described by Homer Pickens. Heavy 
equipment was used to fill in gullies and to 
contour hillsides and reseed grasses. In 1982, 
the Ekberg Field was a small, privately owned 
parcel. The original corral stood near the 
entrance of the field and by 1997 the corral was 
disintegrating (Figure 17). The field is 
presently dominated by chamisa and other 
plants of disturbance (Figure 18). 

4.4 Field 4 (Chupaderos Field) 
Field 4 lays on a mesa top northwest of the 

Copar Pumice Mine on Santa Fe National 
Forest lands. It is at an elevation of 
approximately 2055 m (6850 ft) and overlooks 
Chupaderos Canyon. The mesa slopes gently 
to the west and is dotted with juniper and a few 
scattered ponderosa pine (Figure 19). A historic 
field, Chupaderos was not plowed but used as 
pasture land for livestock. Both sheep and 
cattle have been grazed in the area before and 
during the homestead era. The field was 
removed from active farming in the 1940s. 

. Because it was not plowed, evidence of 
prehistoric grid gardens or water conservation 
devices can still be seen in this field, suggesting 
that it may have been at least partially cleared 
by Indians prior to the arrival of the Spanish in 
the 1500s. 
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(b) (c) 

Figure II. The condition of erosion gullies in Archuleta Field (Field I) in (a) 1982 and (b and c) 1993. 
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Figure 12. The condition of the log house in Garcia Field (Field 2) in (a) 1982. (b) 1993. and (c) 1996. 
The lone juniper in the field in the foreground is the same in (a) and (c). 
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(a) 

(b) 

(C) 

Figure 13. The water catchment that was put in or enlarged in Garcia Field (Field 2) during the 
Wildlife Habitat and Water Development Project in (a) 1964: the same catchment in (b) 1982 and (c) 1996. 
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Figure 14. Garcia Field (Field 2) was planted using a Hanson browse seeder. 

Figure 15. Boy Scouts planting trees in Garcia Field (Field 2) in April 1964. 
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(a) 

(b) 

Figure 16 (a and b). The apparent development of a water catchment at Ekberg Field 
(Field 3) during the 1964 reclamation. 
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(a) 

(b) 

Figure 17. The corral in Ekberg Field (Field 3) in (a) 1982 and (b) 1997. 
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(a) 

(b) 

Figure 18 (a and b). Views of ponions of Ekberg Field (Field 3) showing dominance 
by chamisa and other plants of disturbance. 
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Figure 19. The mesa top around Chapaderos Field (Field 4) in 1982 dotted with juniper and ponderosa pine. 

4.5 Field 5 (Pumice Mine Field) 
Field 5 is nor parr of rhe original land area 

acquired by rhe .A..EC for the Manhattan 
Project. This field lies just outside the 
northeastern border of the purchase within rhe 
Santa Fe National Forest. The elevation of this 
mesa top sire is approximately 1980 m (6600 
ft), and while the dominant vegetation is now 
pinon and juniper, rhe mesa top appears to have 
had pine on it in rhe past. A few old ponderosa 
pine stumps were found, indicating historic 
logging and field clearing. The Pumice Mine 
Field was also used as grazing land for livestock 
during the homestead era. Prehistoric garden 
plots were found in an area just north of rhe 
pumice mine as well as a small plot on rhe 
northern portion of the field. The field is on 
the southeast edge of the Copar Pumice Mine. 
Figure 20 shows views of the field in (a) 1982, 
(b) 1993, and (c) 1996. 
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4.6 Field 6 (Serna Field) 
Field 6 was under the name of Jose M. and 

Fidel Serna in the 1940 acquisition maps. 
Homestead records show two homesteads in rhe 
Rendija Canyon area, those of Federico 
Gonzales and Andres Martinez. From rhis 
information and other lists, it appears that the 
fields designated as the Serna Field were parr of 
the Martinez homestead, which was 62.25 . 
acres. Martinez began residency in March 
1912. Every year from then on he planted 
"beans, corn, wheat, peas, and garden seeds" 
and "harvested very fair crops every year." At 
one rime there was a two-room house, a shade, 
a corral, a stable, and a small reservoir (which is 
still visible); and the land was fenced. The 
Gon:zales had approximately 38 head of cattle 
in rhe Guaje allotment for 1943, bur there is no 
mention of Martinez or Serna. 
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Figure 20. Views of the Pumice Mine Field (Field 5) in (a) 1982. (b) 1993. and (c) 1996. 
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This field is located in Rendija Canyon, to 
the southeast of what is now the rifle range for 
the Sportsman's Club. The field stands at 
approximately 2070 m ( 6900 fr) in elevation 
and follows the gradual canyon bottom 
drainage to the east. The plant community is 
predominantly ponderosa pine with some large 
junipers and oaks in the area (Figure 21). As 
with other fields, it began to erode when the 
area became fallow. Ditches were contoured for 
erosion control probably during the same time 
period Homer Pickens records erosion control 
measures going on in other old fields. In 
addition, arroyos near the road were filled with 
Christmas trees by local Boy Scouts. 

Since 1982, off-road vehicles have further 
disturbed much of the area, and in some cases, 
increased erosion. 

4.7 Field 7 (Montoya Field) 
This field orginally was part of the Ramon 

Vigil Grant, but in a homestead claim in 1911, 
Jose Albino Montoya filed for 90 acres and took 
up permanent residency. Montoya built several 
structures on the land including a log-and­
frame house, a corral, a hen house, a reservoir, 
and a wire fence. In 1911, 5 acres ofbeans, 
corn, and oats were planted. Only beans were 
planted in 1912 on 10 acres ofland. By 1914, 
25 acres were cultivated with only beans 
planted. 

In 1942, the Montoya Field was part of 
lands acquired for the Manhattan Project. This 
field lies at approximately 2190 m (7300 fr) in 
elevation on the top of what is known today as 
Sigma Mesa and is in the heart of Laboratory 
property (Figure 22). The field appears to have 
once been part of the ponderosa pine 
community. Presently, much of Montoya Field 
is a juniper- and oak-dominated community. 
The Laboratory uses the mesa, including the 
field, as a storage area. Present day disturbances 
also include roads and buildings on parts of the 
mesa. 
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4.8 Field 8 (Montoya y Gomez Field) 
There are two fields or homesteads on 

Twomile Mesa. At the time of the acquisition, 
one was shown to belong to J. E. and J. R 
Montoya (160 acres} and the other to 
Donaciano Gomez. Octogenarian Marcos 
Gomez, who was raised on the Gomez 
homestead, was brought to the mesa area and 
he identified both the Montoya and the Gomez 
homestead sites (journal North, Saturday, 
February I, 1986). In an interview with Mr. 
Gomez, he recalled his years of sheep herding in 
the Valle Grande. 

We did not find patent records under J. E. 
and J. R Montoya but do have: patent records 
for the Gomez homestead. Lists by R. Shaw 
(Appendix B, Table B-2) show that the area was 
homesteaded by Miguel Sanchez. One of the 
fields on T womile Mesa was patented to 
Donaciano Gomez in 1905 for 160 acres. The 
homestead is on the rim of Pajarito Canyon. 
Remnants of the homestead remain, and trails 
to the spring used by the homesteaders are still 
visible. 

Gomez began a permanent residence on the 
land and filed a homestead application in 1899. 
The improvements made to the land included a 
three-room log house, a stable, and a fence 
around the property. The homestead entry does 
not specify what crops were grown; it only 
states 25 acres were cultivated in favorable 
growmg seasons. 

The field lies at approximately 2190 m 
(7300 fr) in elevation on a mesa top to the 
south of Sigma Mesa. The land slopes gradually 
to the east with the contour of the mesa top. 
Ponderosa pine dominates the community here. 
This field is also in the middle of active 
Laboratory property and near a disposal site 
(MDA F) (Figure 23). The homestead site has 
remained relatively undisturbed, but a 
meteorological tower, roads, and a waste 
disposal site, as well as remnants of other old 
facilities, can be found within the field area. A 
small log building was visible in 1982 and in 
1996 at one side of the field (Figure: 24). 
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5.0 Methodology 
5.1 Historical Data 

Aerial maps from 1935 were studied to find 
cleared areas in and around l.ANL. The fields 
were then located by USFS surveys and 
topographic maps. Original maps drawn at a 
later date and redrawn from existing original 
survey work were obtained showing the 
locations of homesteads. Universal transverse 
mercator coordinates were noted and the fields 
were then ground-checked. The AEC 
acquisition dates were also researched for 
homesteads within the county boundaries of 
Los Alamos. 

Historical information on each field was 
researched through the State Land Office 
records. All land entry papers in the National 
Archives are available through the card indices 
located at regional offices of the BLM. Copies 
of the original land patents, homestead entries, 
and homesteader testimony listed with the 
Department of the Interior were obtained from 
the National Archives and Record Service in 
Washington, DC. 

All homestead entry papers are Hied under 
the name of each individual land office, usually 
in two series: one for those who had completed 
their requirements, and the other for those who 
had nor. Early file series are RG 49 (BLM: 
1863-1908). Subsequent to 30 June 1908, all 
land entry papers are Hied in the National 
Archives in a single numerical series (Public 
Land Series) regardless of entry type. These 
entries give the locations of each homestead in 
the Pajarito Plateau area daring to before the 
turn of the century. A complete Hie includes 
original application, certificate of publication, 
proof of two witnesses, proof of the claimant, 
and final certificate. 

Eight historic agricultural areas were chosen 
for study because of their edaphic similarities to 
previously studied waste disposal sires (Tierney 
and Foxx 1982). Several of the waste sites were 
located on historic fields and a direct 
comparison would be possible between these 
and other historic fields. Each area is also 
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located within the ponderosa pine community 
and most are on mesa tops. The eight sites were 
selected for the following reasons: (I) the 
original dimensions of historical agricultural 
areas could be estimated, (2) some temporal 
parameters were available from historical 
documentation, (3) these fields were 
comparable to low-level radioactive waste 
disposal sites (Tierney and Foxx 1982), and 4) 
from previous studies and observations, four 
species of Artemisia could be considered "key 
species." 

5.2 Vegetation Data 
At each site, transects were established to 

determine species composition, density, and 
abundance. Collection of vegetation data for 
old fields was accomplished with the use of 
Daubenmire plots for understory components 
and a line intercept method for oversrory 
components. For most fields, four 150-m (500-
ft) transects were established. Each transect 
began at a center point and ran a compass 
direction of approximately north, east, south, 
and west. The more recent data repeated for 
two old-field sites only recorded data from two 
150-m (500-ft) transects beginning at a center 
point and heading approximately north and 
south or east and west. 

Guides used for plant identification were 
Martin and Hutchins (1980), Foxx and Hoard 
(1984), and Foxx and Tierney (1985). Any 
specimens with questionable identifications 
were taken to the University of New Mexico 
Herbarium for confirmation. 

5.2.1 Understory 
The quadrat method was used with a 

Daubenmire plot of 20 by 50 em (8 by 20 in.) 
. (Daubenmire 1959) to measure the 
cryptogamic and herbaceous layer and the 
percent bare soil, litter, and woody species less 
than 1 m (3 ft) tall. Visual estimates of foliar 
cover were used to determine percent cover and 
species composition. Quadrats were placed 
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Figure 21. Views of Serna Field (Field 6) in Rendija Canyon showing (a and b) predominantly 
ponderosa pine with (c) large junipers and oak. 
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Figure 22. A view of Montoya Field (field 7) on Sigma Mesa on Laboratory propeny ( 1996). 

every 3 m ( 10 ft) along each 150-m (500-ft) 
transect line. Nllines starred at a central point 
and ran a compass direction-one line for each 
direction: north, east, south, and west. For this 

report, only understory vegetation was looked 
at. All vegetational data that was collected was 
analyzed with the following methods: 

Cover = sum cover of a species/ 
(transect distance/ 1 0) 

Relative Cover = sum cover of a species/ 
sum cover of all species 

Frequency= # prs. occurrence of a species/ 
(transect disrance/10) 

Relative Frequency = frequency of a species/ 
sum of frequency of all species 

Dominance Index = average of relative 
cover and relative frequency 
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5.2.2 Overstory 
Most of the fields had few trees and shrubs 

in 1982. Therefore, the overstory vegetation 
was not analyzed for this project. However, the 
overstory components were recorded and 
analyzed for two fields surveyed in 1993. The 
following is the method in which rhe 1993 data 
was gathered. 

A line intercept method was used to 
measure the single-stemmed overstory 
components within most taller woodlands and 
some riparian zones (i.e .. ponderosa pine, mixed 
conifer). For this method, rhe transect lines 
were run with the understory transects. For 
statistical purposes, the line was divided into 
15-m (50-fr) sections, rhus creating separate 
divisions in each 150-m (500-ft) transect. 
Within each 15-m (50-fr) section, the diameter 
at breast height (DBH) of all trees and shrubs 
within 3 m (1 0 ft) of either side of the transect 
line and equal to or greater than 1 m (3 fr) in 
height was recorded. The canopy cover was 
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(a) 

(b) 

Figure 23 (a and b). Views of Montoya y Gomez Field (Field 8) on Laboratory property on Twomile Mesa. 
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(a} 

(b) 

(c) 

Figure 24. A small log building was visible at one side of Montoya y Gomez Field (Field 8) in 
(a and b) 1982 and (c) in 1996. 
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measured by the length of the cover of any 
species intersecting the transect line. This 
canopy cover was measured from the point at 
which each particular species first overhung the 
transect line to the point where that species 
terminated cover along the line. If cover 
overlapped, that is, if there was more than one 
individual of the same species included in that 
cover, canopy was measured as continuous as 
long as the canopy cover of that particular 
species had no breaks in the cover intersecting 
the line. If the canopy extended into the next 
15-m (50-ft) section, the measurement was 
counted separately in the two sections. 

5.2.3 Species Dominance Indices 
Each field was characterized as to percent 

cover and frequency. To determine which 
species were the most common or dominant on 
a site we used the dominance, or importance, 
index calculated from the relative cover and 
relative frequency. Those species having an 
index number of 5 or greater were defined as 
dominant. These indices were used to compare 
the individual field plant flora between fields 
and with similar data collected for the waste 
sites (Tierney and Foxx 1982). 

5.3 Soils 
Soil samples were taken from the old fields 

except in the Rendija and Chupaderos Fields. 
Guidelines from New Mexico State University's 
Soil, Plant, and Water Testing Laboratory were 
followed. Before a sample was taken, the field 
was examined for variations in texture, color, 
slope, degree of erosion, and drainage to locate 
areas of uniformity. Samples were taken by 
hand with soil tubes, soil augers, or spades to 
plow depth or about 20.3 em (8.12 in.). 
Fifteen to twenty samples were taken from 
uniform areas and mixed together thoroughly in 
a plastic container. They were then dried and 
sent to Colorado State University's Soil Testing 
Laboratory for analysis. Soils were analyzed for 
pH, bulk density, texture, nurrification, 
phosphorus and calcium content, water 
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retention ability, cation exchange ability, and 
phosphorus sorption. 

5.4 Statistical Analysis 
Graphical, nonparametric, and multivariate 

methods were used to analyze percent cover, 
species importance, and succession. Data were 
displayed using box plots, bar charts, and star 
plots; similarity between plots was displayed 
using the results of a cluster analysis. The 
Wilcoxon Rank Sum test (Gilbert 1987) was 
used to test for a shift in the distribution of 
importance values at waste sites versus old fields 
for 6 species, and to test for a shift in the 
distribution of total percent cover at waste sites 
versus old fields. 

6.0 Results 
6.1 Vegetation Characteristics of Each Field 

The phytosociological data were examined 
for each field. For purposes of comparison, 
Table C-1 in Appendix C shows an 
enumeration of all species found on all sites. 
Appendices D through K have the data 
collected for each site by transect. Figure 25 
indicates the total cover for all eight sites; Figure 
26 represents the number of species found on 
each site by forb, grass, and shrub. 

Field 1 (Archuleta Field): The total 
understory cover for Field 1 was 14.7%. 
Twenty-one species were identified from 
transects: 7 grass species with a cover of 1.4%, 
12 forb species with a cover of 1 0.6%, and 2 
shrub species with a cover of2.7%. Western 
wheatgrass and Russian wheatgrass were the 
most common grass species found on the site. 
Wormwood had the highest percent cover of 
forbs. Small ponderosa pines were also noted 
scattered throughout the area and had a 
measured cover of approximately 1%. Species 
With the highest importance indices were 
wormwood, snakeweed, pingiie, and leafy 
golden aster (Table 3). A complete data set for 
this field is in Appendix D. 
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Table 3. Comparison of cover and dominance 
index for Archuleta Field (Field 1). 

Species Cover(%) Dominance 
Index 

Carruth wormwood 3.08 20 
Leafy golden aster 2.54 18 
Snakcwced 2.38 14 
Western whcatgrass 1.13 12 
Pingiie 1.76 10 
Chamisa 1.55 8 
False tarragon 0.13 2 
Sweetclover 0.43 4 
White ragweed 0.13 2 
Russian whcatgrass 0.08 1 
Drop seed 0.08 1 
Bottlebrush squirrdtail 0.03 0.5 
Evening primrose 0.04 0.5 
Unknown grass 0.05 0.4 
Unknown Composite 0.05 0.3 
Scanet beeblossom 0.03 0.2 
Bluegrass 0.008 0.1 
Bermuda grass 0.05 0.1 
American vetch 0.001 0.09 
Ponderosa pine 1.1 4 

Field 2 (Garcia Field): Garcia Field is 
within the ponderosa pine cover type. There 
are small trees and a few shrubs throughout the 
area. The total understory cover for Garcia 
Field was 25.6%. Twenty-nine species were 
identified from the transects: 9 grass species 
with a cover of 10.9%, 18 forb species with a 
cover of 14.3%, and 2 shrub species with a 
cover of 0.4%. Little bluestem and western 
wheatgrass were common on the site. Carruth 
wormwood and false tarragon had the highest 
forb cover. The species with the highest 
dominance indices included carruth 
wormwood, western wheatgrass, little bluestem, 
and false tarragon (Table 4). A complete data 
set for this field is in Appendix E. 
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Table 4. Comparison of cover and dominance 
index for Garcia Field (Field 2). 

Species Cover (%) Dominance 
Index 

Western whcatgrass 5.1 20.3 
Carruth wormwood 3.98 17 
Little bluc:stem 3.8 12 
False tarragon 3.11 11 
Leafy golden aster 1.42 7 
Blue grama 1.01 4 
Redtop 0.86 2 
Wolftail 1.13 3 
Dropseed 0.52 3 
Lupine 0.5 3 
Indian grass 1.3 3 
American vetch 0.12 2 
Black grama 0.80 2 
Mullein 0.5 1 
Chamisa 0.19 0.9 
Sweetclovcr 0.15 0.8 
Snakcweed 0.53 2.0 
Pingiie 0.11 0.6 
Apache plume 0.25 0.6 
Spreading fleabane 0.05 0.3 
Evening primrose 0.12 0.8 
Chcatgrass 0.001 0.2 
Shepherd's purse 0.001 0.2 
Flax 0.001 0.2 
Goldeneye 0.01 0.1 
Wtld chrysanthemum 0.001 0.1 
Desert four o'clock 0.0005 0.1 
Fleabane daisy 0.03 0.1 

Field 3 (Ekberg Field): Ekberg Field is 
within the ponderosa pine zone. The total 
understory cover for the field was 25.8%. 
Thirty-one species were identified along the 
transects: 7 grass species with a cover of 12.7%, 
22 forb species with a cover of 9%, and 2 shrub 
species with a cover of 4.1 %. Blue grama had 
the highest grass cover and chamisa the highest 
forb cover. The species with the highest 
·dominance indices were chamisa, blue grama, 
leafy golden aster, snakeweed, and false tarragon 
(Table 5). A complete data set for this field is in 
Appendix F. 

Old-Field Plant Succession on the Pajarito Plateau 



20 

18 

16 

14 

.._ 12 
Q) 
> 
0 

(.) 10 c: 
~ .._ 

8 Q) 
a.. 

6 

4 

2 

0 
1 2 3 4 5 6 7 8 

Field Number 
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Figure 26. Comparison of number of species by type for all fields. 
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Table 5. Comparison of cover and dominance 
index for Ekberg Field (Field 3). 

Species 

Blue grama 
Chamisa 
Spiny golden weed 
Snakcweed 
False tarragon 
Bottlebrush squirrcltail 
Bermuda grass 
Dropseed 
Brome 
Evening primose 
Mllkvetch 
Lupine 
Little bluestem 
Globemallow 
Longleaf butterweed 
One-seed juniper 
American vetch 
Sweetclover 
Louisiana wormwood 
Aster 
Green thread 
White ragweed 
Carruth wormwood 
Buckwheat 
Puccoon 
Pingiie 
Prairie clover 
Woolly Indian wheat 
Shepherd's purse 
Mountain muhly 
Stickseed 

Cover(%) Dominance 
Index 

7.17 25 
3.9 12 
2.1 10 
2.61 10 
1.99 10 
1.49 8 
1.66 5 
1.65 4 
0.45 2 
0.48 2 
0.36 2 
0.26 2 
0.28 2 
0.18 0.9 
0.28 0.9 
0.28 0.9 
0.004 0.8 
0.08 0.5 
0.05 0.5 
0.10 0.4 
0.05 0.4 
0.13 0.3 
0.04 0.3 
0.05 0.3 
0.026 0.3 
0.06 0.3 
0.03 0.2 
0.03 0.2 
0.03 0.1 
0.001 0.1 
0.001 0.1 

Field 4 (Chupaderos Field): Chupaderos 
Field was in the pinon-juniper cover type. The 
total understory cover for this field was 13.5%. 
Twenty-eight species were identified along the 
transect: 5 grass species with a cover of 3%, 21 
forb species with a cover of 7%, and 2 shrub 
species with a cover of 3.5%. Blue grama had 
the highest cover and wormwood, the highest 
forb cover. Small ponderosa pines and chamisa 
were scattered throughout the area. Species 
with the highest dominance indices were blue 
grama, carruth wormwood, chamisa, and little 
bluestem (Table 6). A complete data set for this 
field is in Appendix G. 
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Table 6. Comparison of cover and dominance 
index for Chupaderos Field (Field 4). 

Species Cover(%) Dominance 
Index 

Blue grama 2.75 51 
Carruth wormwood 4.72 17 
Chamisa 3.18 12 
Little bluestem 0.1 11 
Buckwheat 0.25 3 
American vetch 0.09 3 
Lamb's quarters 0.19 2 
False tarragon 0.44 2 
Leafy golden aster 0.4 2 
Stickseed 0.25 
Dropseed 0.17 I 
Prairie sunflower 0.07 0.9 
One-seed juniper 0.38 0.9 
Spiny golden weed 0.03 0.6 
Blue gilia 0.02 0.5 
Ponymint 0.02 0.5 
Hidden flower 0.05 0.4 
Fircwheel 0.03 0.3 
Bottlebrush squirreltail 0.01 0.3 
Fetid marigold 0.01 0.3 
Beardstongue 0.01 0.2 
Goats beard 0.03 0.2 
Mountain muhly 0.01 0.1 
Scarlet trumpet 0.01 0.1 
Evening primrose 0.01 0.1 
Woolly Indian wheat 0.01 0.1 
Russian thistle 0.01 0.1 
Tansy-mustard 0.01 0.1 

Field 5 (Pumice Mine Field): This field 
was in a pinon-juniper cover type with an 
understory of blue grama and sand dropseed. A 
few oak, juniper, and chamisa were scattered 
throughout the area. The total understory 
cover for the Pumice Mine Field was 16.5%. 
Twenty-six species were identified from 
transects: 9 grass species with a cover of 10.5%, 
14 forb species with a cover of 5.9%, and 1 
shrub species with a cover of .1 %. Sand 
dropseed and blue grama made up the highest 
cover of grass. Snakeweed and false tarragon 
had the highest cover of forb. A few chamisa 
were scattered throughout the area. Species 
with the highest dominance indices were sand 
dropseed, snakeweed, blue grama, false 
tarragon, and three-awn (Table 7). A complete 
data set for this field is in Appendix H. 
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Table 7. Comparison of cover and dominance 
index for Pumice Mine Field (Field 5). 

Species Cover(%) Dominance 
Index 

Dropseed 5.22 36 
Snakeweed 3.60 20 
Blue grama 2.93 11 
False tarragon 1.60 9 
Poverty three-awn 0.82 6 
Bermuda grass 0.55 4 
Bonlebrush squirrdtail 0.30 3 
Spiny goldenweed 0.16 2 
Mountain muhly 0.30 2 
Russian thistle 0.25 2 
Three-awn 0.25 1 
Walkingstick cactuS 0.13 0.5 
Wolftail 0.03 0.5 
Chamisa 0.10 0.6 
Globemallow 0.02 0.4 
Prickly pear cactus 0.03 0.3 
Lamb's quarters 0.03 0.2 
Estafiata 0.03 0.2 
Blue gilia 0.01 0.2 
Goats beard 0.01 0.2 
False buffalo grass 0.01 0.1 
Wlid chrysanthemum O.ot 0.1 
Pincushion cactuS 0.001 0.1 
Louisiana wormwood 0.001 0.1 

Field 6 (Serna Field): Serna Field was within 
a ponderosa pine cQver type with an understory 
of blue grama. The total understory cover for 
Serna Field was 22.9%. A few oak and small 
ponderosa pine were scattered throughout the 
area. Twenty-four species were found along the 
transects in Serna Field: 7 grass species with a 
cover of3.9% and 15 forb species with a cover 
of 19%. Blue grama had the highest grass 
cover; carruth wormwood and false tarragon 
had the highest forb cover. The species with the 
highest dominance indices were: carruth 
wormwood, false tarragon, sand dropseed, 
estafiata, evening primrose, and lupine (Table 
8). A complete data set for this field is in 
Appendix I. 
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Table 8. Comparison of cover and dominance 
index for Serna Field (Field 6). 

Species Cover(%) Dominance 
Index 

Carruth wormwood 8.09 31 
False tarragon 6.13 22 
Sand dropseed 0.94 8 
Estafiata 2.48 7 
Evening primrose 0.68 5 
Lupine 0.61 5 
Blue grama 1.65 4 
American vetch 0.21 4 
Ponymint 0.15 2 
Redtop 0.83 2 
Spiny goldenweed 0.25 2 
Nodding buckwheat 0.20 1 
Cheatgrass 0.23 1 
Bermuda grass 0.13 0.7 
Bluegrass 0.15 0.5 
Leafy golden aster 0.46 0.2 
Aster 0.05 0.4 
Globemallow 0.001 0.2 
Ragweed 0.001 0.2 
Lamb's quarters 0.03 0.2 
Smanweed 0.01 0.1 
Witchgrass 0.001 0.1 

Field 7 (Montoya Field): Montoya Field was 
within the ponderosa pine zone near the 
ecotone with the pinon-juniper cover type. The 
total understory cover for Montoya Field was 
21.5% in 1982. Twenty-nine species were 
identified from the transects: 6 grass species 
with a cover of 8.4%, 20 forb species with a 
cover of 10.1 %, and 3 shrub species with a 
cover of 3%. Blue grama had the highest grass 
cover and carruth wormwood the highest forb 
cover. The species with the highest dominance 
indices were: carruth wormwood, blue grama, 
pingiie, Gambel oak, and snakeweed (Table 9). 
A complete data set for this field is in Appendix 
J. 
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Table 9. Comparison of cover and dominance 
index for Montoya Field (Field 7). 

Species Cover(%) Dominance 
Index 

Carruth wormwood 5.86 3I 
Blue grama 6.98 30 
Pingiie 1.93 IO 
Gambel oak 2.78 6 
Snakeweed 0.88 5 
Mountain muhly 0.72 3 
False tarragon 0.43 2 
Three-awn 0.46 2 
Leafy golden aster 0.34 2 
Bottlebrush squirrdtail 0.15 2 
Buckwheat 0.14 2 
Scarlet beeblossom 0.09 1 
Fendler's rose 0.18 1.0 
Flax 0.03 0.6 
Beardtongue 0.06 0.5 
Fleabane daisy 0.06 0.5 
Bluegrass 0.08 0.4 
White ragweed 0.04 0.4 
Sweetclover 0.05 0.3 
Woolly Indian wheat 0.02 0.3 
Indian paintbrush 0.03 0.3 
Lamb's quarters 0.01 0.2 
Redtop 0.03 0.2 
Wtld chrysanthemun 0.28 0.2 
Puccoon 0.03 0.2 
Skeletonweed 0.03 0.2 
One-seed juniper 0.01 0.1 
Owl-dover 0.01 0.1 
Green thread 0.01 0.1 

Field 8 (Montoya y Gomez Field): 
Montoya y Gomez Field was within the 
ponderosa pine cover type. The total 
understory cover was 23.6%. Twenty-seven 
species were identified from the transects: 7 
grass species with a cover of 8.6% and 20 forb 
species with a cover of 15.0 o/o. No shrub 
species were recorded in 1982. Blue grama had 
the highest grass cover and carruth wormwood 
the highest forb cover. The species with the 
highest dominance indices were wormwood, 
blue grama, goldenweed, evening primrose, 
false tarragon, spreading fleabane, and pingue 
(Table 10). A complete data set for this field is 
in Appendix K. 
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Table 10. Comparison of cover and dominance 
index for Montoya y Gomez Field (Field 8). 

Species Cover(%) Dominance 
Index 

Carruth wormwood 7.06 29 
Bluegrama 2.62 I3 
Leafy golden aster 1.89 II 
Evening primrose 0.84 9 
False tarragon 1.83 8 
Spreading fleabane 0.76 7 
Pingiie 1.65 6 
Redtop 1.65 5 
Bottlebrush squirrdtail O.I3 2 
Snakeweed 0.63 2 
Drop seed 0.08 1 
American vetch 0.01 1 
Narrowleaf yucca 0.1 0.7 
Flax 0.03 0.6 
Mountain muhly 0.03 0.2 
Mullein 0.05 0.2 
Peppergrass 0.001 0.2 
White ragweed 0.001 0.2 
Common sunflower 0.03 0.2 
Gayfeather 0.01 0.2 
Beardstongue 0.001 0.1 
Guara 0.001 0.1 
Scarlet beeblossom 0.01 0.1 
Russian thistle 0.001 0.1 
Blazing Star O.Dl 0.1 
Goatsbeard 0.01 0.1 

6.2 Analysis Between Fields (1982 Data) 
A comparison was made between the eight 

fields sampled in 1982. Table 11 shows the 
relationship between fields. There was overlap 
within fields for the forb cover but no overlap 
for the grasses. 

The forb covers in 1982 in Field 8 
(Montoya y Gomez), Field 2 (Garcia), and Field 
3 (Ekberg) were similar. Field 7 (Montoya), 
Field 1 (Archuleta), and Field 3 (Ekberg) were 
similar as were Field 1 (Archuleta) and Field 3 
(Ekberg). Field 6 (Serna Field) in Rendija 
Canyon showed a difference with a higher forb 
cover than the other fields. Field 4 
(Chupaderos) had a lower forb cover, and Field 
5 (Pumice Mine) had the lowest forb cover of 
all the fields. 
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Table 11. Comparison of forb cover for the 
eight fields from a multiple range test. 

Field 1 2 3 4 5 6 7 8 

1 X X 

2 

3 

4 X 

5 X 

6 X 

7 X X X 

8 X X X 

(X denotes that the fidds were not statistically different). 

The grass cover in 1982 in Field 4 
(Chupaderas), Field 5 (Pumice), and Field 2 
(Garcia) was similar. Field 3 (Ekberg) and Field 
7 (Montoya) were similar. Field 6 (Serna), Field 
8 (Montoya y Gomez), and Field 1 (Archuleta) 
were similar. There was no overlap between 
fields for grass cover. 

6.3 Comparison of Species Composition on 
Two Fields Visited in 1982 and in 1993 

Two field areas were revisited and reassessed 
in 1993. They were Field 7 and Field 8 
(Montoya and Montoya y Gomez). Figure 27 
indicates the differences in cover percentages 
between 1982 and 1993. 

There was a shift from forbs to grasses seen 
in the dominant species identified for each field 
in 1993. Grass cover was higher in 1993 than 
it was in 1982. 

Field 7 (Montoya): After 10 years the 
understory cover for Montoya Field was 29% as 
compared to 18% in 1982. Twenty-eight 
species were identified from the transects in 

52 

1982 and 36 species in 1993. In 1982 blue 
grama had the highest grass cover and 
wormwood the highest forb cover. The species 
with the highest importance indices were 
wormwood, blue grama, pingiie, Gambel oak, 
and snakeweed. In 1993 the species with the 
highest importance indices were blue grama, 
mountain muhly, carruth wormwood, pingiie, 
sweet clover, scarlet trumpet, and snakeweed. 
This was a change from only one grass and 5 
forbs in the top 5 with two grasses and other 
forbs in the top 5 (Table 12). 

Field 8 (Montoya y Gomez): After 10 years 
the total percent cover for Montoya y Gomez 
Field had increased from 23.6% to 44.4%. 
Blue grama was still the grass with the highest 
percent cover but the cover had increased from 
2.6% to 10.2%. In 1982 carruth wormwood 
and leafy golden aster had the highest 
importance indices. These forbs, although still 
part of the major components of the fields had 
lower importance indices; and species such as 
spreading fleabane, which had the lower 
importance index in 1982, was the forb with 
the highest importance index in 1993 (Table 
13). In 1982 there was only one grass species 
with an importance index greater than 5; in 
1993 there had been a substantial increase in 
the percent cover of mountain muhly. In 1993, 
blue grama and mountain muhly were in the 
top 5 species with importance indices greater 
than 5. 

6.4 Analysis between Years {1982 and 1993) 
Data was collected on two field systems in 

1993, Field 7 {Montoya) and Field 8 (Montoya 
y Gomez). Figure 27 shows the differences in 
the cover in 1982 verses 1993; Figure 28 
compares the numbers of species on each field 
in 1982 and 1993. 

Bar charts were used to visually display 
succession of 4 species that were present at 2 
sampling events 11 years apart at 2 old-field 
sites (Figure 29). Wormwood (ARCA) 
decreased in importance at each of the 2 sires to 
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Table 12. 1982 and 1993 comparison of phytosociological data for Montoya Field. 

Species Cover(%) 1982 Dominance Index Cover (%) 1993 Dominance Index 

*Blue grama 6.98 30 5.54 17 
Mountain muhly 0.72 3 6.35 12 

Carruth wormwood 5.86 31 2.05 11 
Pingiie 1.93 10 1.60 10 
White sweet clover 1.15 5 
Scarlet trumpeter 0.85 5 
Snakeweed 0.88 5 1.05 5 
UnknownS 1.35 3 
Three awn 0.46 2 0.65 3 
Golden aster 0.60 3 
Unknown 1 1.25 3 
Bluegrass 0.08 0.4 0.95 2 
Wheatgrass 0.50 2 
Fleabane daisy 0.06 0.5 0.25 2 
Sedge 0.30 1 
Ragweed 0.2 1 
Unknown2 0.2 0.9 
Prairie sunflower 0.50 0.9 
Sweetclover 0.05 0.3 0.15 0.9 
Gumweed 0.20 0.8 
Nightshade 0.20 0.7 
Unknown 3 0.35 0.7 
Green thread 0.01 0.1 0.15 0.6 
Mullein 0.1 0.6 
Brisdegrass 0.25 0.5 
Sweetclover 0.15 0.4 
Dandelion 0.15 0.4 
Unknown 5 0.15 0.4 
Rock-jasmine 0.05 0.4 
Canadian wild rye 0.05 0.4 
Botdebrush squirrdtail 0.15 2 0.05 0.4 
Unknown 9 0.05 0.4 
Leafy golden aster 0.34 2 0.10 0.4 
Flax 0.03 0.6 0.05 0.3 
Unknown 7 0.05 0.3 
Redtop 0.03 0.2 
Pussytoes 0.10 0.1 
False tarragon 0.43 2 
Wtld chrysanthemum 0.28 0.2 
Indian paintbrush 0.03 0.3 
Lamb's quarters 0.01 0.2 
Buckwheat 0.14 2 
Scarlet beeblossom 0.09 1.0 
White ragweed 0.04 0.4 
One-seed juniper 0.01 0.1 
Puccoon 0.03 0.2 
Owl-clover 0.01 0.1 
Beardtongue 0.06 0.5 
Woolly Indian wheat 0.02 0.3 
Skeletonweed 0.03 0.2 
WsldRose 0.18 1.0 

* For scientific names see Appendix M. 
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Table 13. 1982 and 1993 comparison of phytosociological data for Montoya y Gomez Field. 

Species Cover(%) 1982 Dominance Index Cover(%) 1993 Dominance Index 

*Blue grama 2.62 13 10.19 18 
Spreading fleabane 0.76 7 7.90 19 
Mountain muhly 0.03 2 9.21 15 
Carruth wormwood 7.06 29 4.44 14 
Leafy golden aster 1.89 11 4.61 12 
False tarragon 1.83 8 1.31 4 
Big sagebrush 1.6 3 
Pingiie 1.65 6 0.96 3 
American vetch 0.01 1 0.97 3 
Bottlebrush squirrdtail 0.13 2 0.49 2 
Deervetch 0.80 
Cinquefoil 0.25 1.0 
WJld chrysanthemum 0.25 0.9 
Dropseed 0.8 1 0.2 0.7 
Fleabane daisy 0.20 0.6 
Mullein 0.05 0.2 0.30 0.5 
Sweet clover 0.10 0.4 
Pine dropsc:ed 0.10 0.3 
Gayfeather O.Ql 0.2 0.10 0.3 
Shrubby potentilla 0.10 0.3 
Horsewec:d 0.05 0.2 
Gum weed 0.05 0.2 
Beardstongue 0.001 0.1 0.05 0.2 
Grc:emhread 0.01 0.1 0.05 0.2 
Redtop 1.65 5 
Poverty three-awn 0.10 0.5 
Scarlet beeblossom 0.001 0.1 
Snakeweed 0.63 2 
Common sunflower 0.03 0.2 
White: ragweed 0.001 0.2 
Peppergrass 0.001 0.2 
Flax 0.03 0.6 
Blazing Star 0.01 0.1 
Evening primrose: 0.84 9 
Russian thistle 0.001 0.1 
Goat's beard 0.01 0.1 
Narrowleaf yucca 0.13 0.7 

* For scientific names see Appendix M. 
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Figure 27. Comparison of total percent cover for Field 7 and Field 8. 1982 and 1993. 

while blue grama (BOGR) and mountain 
muhly (MUMO) increased at each of the sires. 
Pingiie (HYRI) increased at the Montoya y 
Gomez site but remained constant at the 
Montoya sire. 

7.0 Comparison of Data Collected on Fields 
with that Collected on Waste Sites 

Using information gathered in 1980 by 
Tierney and Fox:x for MDAs, we statistically 
compared the percent cover and species 
composition for each MDA and old field. 

7.1 Total Percent Cover 
Total percent cover at MDAs was compared 

to total percent cover at old fields. The box 
plots (Figure 30) display individual total 
percent cover values for each of the plots. The 
boxes enclose the middle 50o/o of the total 
percent cover values, and the horizontal line is 
drawn at the median. Old fields tended to have 
higher total percent cover than the MDAs, bur 
the Wilcoxon Rank Sum rest (Gilbert 1987) did 
not indicate a significant shift in the location of 
the total percent cover for the 2 groups (p = 
0.35). 

Old-Field Plant Succession on the Pajarito Plateau 

7.2 Old Field/Waste Site Similarities and 
Differences 

A cluster analysis (Statistical Sciences 
1995) was done using all23 species with an 
importance value of at least 5 on one or more of 
the study plots. The distance metric used was 
Euclidean (root sum-of-squares differences) and 
the clustering method was Compact, the largest 
distance between a point in 1 cluster and a 
point in another cluster (Figure 31). 

The old fields all clustered together before 
the MDAs began to join them, and seven of the 
old fields joined one another before the first 2 
MDAs clustered together. This indicates that 
the clustering algorithm found more similarities 
among the old fields than among the MDAs, 
and that the old fields are more similar to one 
another than to the MDAs. 

7.3 Comparison of Succession Species 
. Star plots were drawn to enable visual 

representation of the importance values for the 
5 waste sires and 8 old fields. Each ray 
represents one species, with the length of the 
ray proportional to the magnitude of the 
importance value. Star plots can elucidate 
patterns in the data that may lead the researcher 
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Figure 28. Comparison of numbers of species between 1982 and 1993 for Fields 7 and 8. 

Succession at Two Old Fields 
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* ARCA = Anemisia carrurhi, BOGR = Bouteloua gracilis, HYRI = H_vmenoxys richardsonii, MUMO = Muhlenbergia montana 

Figure 29. Bar charts showing succession of four plant species at two old fields in 1982 and 1993. 
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to conclude similarities between plots or groups 
of plots. Figure 32 displays plots for all 23 
species. There are no discernible similarities 
between patterns. Species were classified as 
early-successional, middle-successional, or late­
successional species. Figure 33 displays only the 
early-successional species. The waste sites 
appear to contain larger numbers of early­
successional species with large importance 
values than the old fields. In contrast, Figure 
34 displays only the late-successional species. 
The old fields tend to contain larger numbers of 
late-successional species with larger importance 
values. Figure 35 shows the mid-successional 
species. Both waste sites and old fields tend to 
contain several mid-successional species with 
large importance values. All star plots indicate 
that the species composition and importance 
values for species present vary among all the 
sues. 

7.4 Comparison oflmportance Values 
The importance values for 6 species at 

MDAs were compared to their importance 
values at old fields. The box plots (Figure 36) 
display individual importance values for each of 
the plots. The boxes enclose the middle 50o/o of 
the importance values, and the horizontal line is 
drawn at the median. The Wilcoxon Rank Sum 
test was used to test for a shift in the 
distribution of importance values at waste sites 
versus old fields. Blue grama (BOGR) 
(p=0.07), little bluestem (ANSC) (p=0.05), and 
wormwood (ARCA) (p=0.14) tended to have 
greater importance values on the old fields than 
at the waste sites, while sweetclover (MEX) 
(p=0.01) and cheatgrass (BRTE) (p=0.12) 
tended to have smaller importance values on 
the old fields than at the waste sites. False 
tarragon (ARDR) (p= 1.0) importance values 
overlapped between old fields and waste sites. 

7.5 Comparison of the Presence of Artemisia 
Using a geographic information system 

(GIS), we did an analysis of 4000 records in the 
plant data base from the transects and data 

Old·Field Plant Succession on the Pajarito Plateau 

collected throughout the Laboratory to 
determine the extent of presence of two species 
of Artemisia--carruth wormwood and false 
tarragon. In all cases, those records that 
pertained to these two species with the highest 
importance index were on known abandoned 
fields or disturbed areas. Figures 37 and 38 
show the locations in both the ponderosa pine 
and pinon-juniper cover types where these 
species were recorded. 

7.6 Comparison of Disturbed and Oeared 
Areas with Forested Sites 

Disturbance within the ponderosa pine and 
pinon-juniper cover types generally involves 
removal of vegetation. Using the information 
collected in the disturbed sites with similar 
information collected in adjacent forested areas, 
we compared the numbers and types of species 
between these two sites. As can be seen in 
Figure 39, as the forest overstory increased, the 
understory cover decreases. Also the numbers 
of species decrease markedly. In the forested 
areas generally there were only 3 to 4 
understory species (generally grass), and in the 
open meadows there were as many as 45 
species. This study, along with the studies done 
on MDAs, indicates species that are common to 
disturbed areas on the Pajarito Plateau. 
Appendix L gives some of the biological 
information found in the literature for species 
with high importance indices on either old 
fields or waste sites. 

8.0 Comparison of Soils Characteristics 
Soil characterization was performed for 6 of 

the 8 sites. The information is presented to 
provide a baseline for any future studies. All 
samples were within the normal ranges for the 
Pajarito Plateau. Results of analyses are in 
Tables 14 and 15. 

9.0 Conclusion and Discussion 
This study has provided information about 

species that occur on two types of disturbed 
sites (MDAs and old fields) within LANL and 

59 



on the Pajarito Plateau. Because of the levels of 
disturbance and the uncertain disturbance 
history of each site, the actual stages of 
succession are not clearly visible; but some 
inferences can be made from the data collected. 
Most of the old fields were disturbed and 
abandoned 10 to 20 years before the 
disturbance of the MDA sites. The data 
indicated that the old fields were more similar 
to each other while the MDA sites were similar 
to each other. 

Although we only had data on two of the 8 
fields 1 0 years after the original study, the later 
study indicates that succession proceeds from 
common forb species to grass through time. As 
succession proceeds, grass cover increases; 
grasses that had low percent cover in the early 
stages will take the niche of forb species that 
were found earlier. The comparison of forested 
areas with fallow fields indicated a change in 
species diversity and composition. As the forest 
canopy closes, there is less species diversity and 
lower understory cover. In dense forested areas 
there may be as few as 4 forb species and 
mosdy grasses, whereas meadowed areas will 
have as many as 45 species depending on the 
stage of succession. 

Many of the plants mentioned in this study 
are biological wee~. That is, they are 
evolutionary and ecological products adapted to 
survival in habitats disturbed by human activity. 
Without constant human interaction over 
thousands of years, these weeds would not be 
present or in sufficient density to be such 
regular indicators of human activity. Some 
biological weeds such as snakeweed and big 
sagebrush increase with overgrazing and remain 
decades later to testify to the poor grazing 
practices of the times. Normally, big sagebrush 
is found in the ecotonal area between pinon­
juniper woodland and short-grass prairie, while 
snakeweed prefers mesas. The late 1800s saw 
huge herds of domestic animals destroying the 
grass while the sagebrush invaded in their wake 
in some areas and snakeweed invaded in 
somewhat drier regions. 

60 

Examination of the data in this study 
suggests that herbaceous species in the genera 
Artemisia (e.g., false tarragon and carruth 
wormwood) are an indicator of a stage of 
succession and may be potentially useful as 
ground cover for reclamation of MDA sites. 
False tarragon was found in all fields but not in 
great numbers compared with other species. All 
fields except two had wormwood. Wormwood 
consistently had higher importance index values 
for forbs in all fields where it was found. On 
Montoya Field, carruth wormwood and blue 
grama grass have traded places as dominant 
species. In 1982, wormwood was slightly more 
abundant, but by 1993 the values for both 
species had decreased and blue grama grass had 
taken the lead over wormwood. Field 8 
(Montoya y Gomez Field) experienced a 
turnover in dominant species where wormwood 
was present in 1993, but recorded less than 
1 Oo/o of the time. However, the native grass, 
blue grama, continued as a dominant species 
between the years. Both Field 7 (Montoya) 
and Field 8 (Montoya y Gomez) showed a 
marked increase in numbers of species growing 
in the fields; not all species continued to exist in 
these communities. 

With the exception of false tarragon, which 
was probably introduced into this area with 
sheep herding, Artemisia are indigenous and 
common to the semiarid southwest. Although 
no exact figures are available to date, they 
appear to be very long lived perennials. 
Carruth wormwood and Artemesia subsp. albula 
are both caespitose and revegetate to a 
considerable extent by rooting stems and hence 
form dense mats. False tarragon is a prolific 
seed producer although statistical viability of 
the seed is not known. All three species are 
shallowly rooted and useful as browse (Tierney 
and Foxx 1983). From the results of this study, 
we conclude that Artemisia species seem to be 
good indicators of previous disturbances to land 
on the Pajarito Plateau. 
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Figure 30. A box plot comparison of total percent cover at waste sites and at old fields. 
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Figure 31. A cluster analysis of all 23 species with an importance value of at least 5 on one or 
more of the study sites. 
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Figure 32. Star plots that represent a visual interpretation of importance values of all vegetation 
for five waste sites and eight old fields. 
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Figure 33. Star plots that represent a visual interpretation of the importance values of the early-successional plant 
species for five waste sites and eight old fields. 
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Figure 34. Star plots that represent a visual interpretation of the importance values oflate-successional species for 
five waste sites and eight old fields. 
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Figure 35. Star plots that represent a visual interpretation of the iril.portance values of the mid-successional species at 
five waste sites and eight old fields. 
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Table 14. Soil sample results. 

Field pH Bulk Density Organic Matter Texture* Cation Exchange P Sorption 
Capacity Capacity 

Archuleta 7.0 1.63 1.1 L 19.4 7.8 

Garcia 6.9 1.78 0.8 SUL 16.0 4.9 

Ekberg 7.2 1.56 1.0 SUL 16.0 4.8 
Pumice Mine 7.1 1.63 0.9 L 19.2 7.5 
Montoya 6.5 1.52 1.9 SiL 31.4 9.2 
Montoya y Gomez 6.7 1.58 1.2 SiL 21.5 6.7 

* L = loam, SL = sand/loam, and SiL = silt/loam 

Table 15. Soil sample nutrification. 

Field P* c NO NH 0 Bar o/o 1/3 Bar o/o 15 Bar o/o 
3 4 

Moisture Moisrure Moisture 

Archuleta 6 141 10 8 27.9 32.7 6.7 
Garcia 3 97 23 9 22.2 12.3 4.3 
Ekberg 13 126 3 9 28.8 14.6 6.2 
Pumice Mine 12 142 33 14 28.7 15.9 7.1 
Montoya 7 118 50 9 31.8 20.5 7.6 
Montoya y Gomez 4 127 40 6 29.2 17.8 6 
*P =phosphorus, C =carbon, NO = niuogen oxide, and NH =ammonium 
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Figure 36. Box plots displaying a comparison of the importance values of six plant species at 
waste sites and old fields. 
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Figure 37. The locations of transects that contained carruth wormwood in both ponderosa pine and 
pinon-juniper cover types. 
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Figure 38. The locations of transects that contained false tarragon in both ponderosa pine and 
pinon-juniper cover types. 
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Figure 39. A comparison of understory cover and overstory cover on ponions ofTwomile Mesa 
showing that as the overstory cover increased. the understory cover decreased. 

References 
Bowen, B. M., "Los Alamos Climatology," Los 
Alamos National Laboratory report LA-11735-
MS (1990). 

Chambers, M. B., "Technically Sweet Los 
Alamos, Devolopment of a Federally Sponsored 
Scientific Community," University of New 
Mexico unpublished Ph.D. Thesis (1974). 

Costello, D., "Natural Revegetation of Aban­
doned Plowed Land in Mixed Prairie Associa­
tion ofNortheastern Colorado," Ecology, 
25(3):312-326 (1944). 

Daubenmire, R., ''A Canopy-Coverage Method 
ofVegetation Analysis," Northw. Sci. 33:43-64 
(1959). 

Dury, W. H., and I. C. T. Nisbet, "Succession," 
]. of the Arnold Arboretum, 54:3 ( 1973). 

Old-Field Plant Succession on the Pajarito Plateau 

Dyksterhuis, E. J ., "The Vegetation of the 
Western Cross Timbers," E Monogr. 18:325-
376 (1948). 

Foxx, T. S., and D. Hoard, Flowers a/Southwest­
ern Forests and Woodlands, (Los Alamos Histori­
cal Society, Los Alamos, NM 1984). 

Foxx, T. S., and G. D. Tierney, "Status of the 
Flora of the Los Alamos National Environmen­
tal Research Park, A Historical Perspective," Los 
Alamos National Laboratory report LA-8050-
NERP Vol. II (1984). 

Foxx, T. S., and G. D. Tierney, "Status of the 
Flora of the Los Alamos National Environmen­
tal. Research Park. Checklist ofVascular Plants 
of the Pajarito Plateau and Jemez Mountains," 
Los Alamos National Laboratory report LA-
8050-NERP Vol. III (1985). 

69 



Gilbert, R 0., Statistical Methods for Environ­
mmtal PoUution Monitoring, (Van Nostrand 
Reinhold, New York, 1987). 

Hakanson, T. E., R L. Watters, and W. C. 
Hanson, "The Transport of Plutonium in 
Terrestrial Ecosystems," Health Physics 40:63-
69 (1981). 

Judd, B. I., "Plant Succession of Old Fields in 
the Dust Bowl," SW Nat. 19(5):227-239 
(1940). 

Judd, B. I., and M. L. Jackson. "Natural Succes­
sion ofVegetation on Abandoned Farmlands in 
the Rosebud Soil Area of Western Nebraska," J 
AreaS 31:541-557 (1939). 

LANL, "The National Environmental Research 
Park," Los Alamos National Laboratory report 
(1988). 

Lauchbaugh, J. L., "Vegetational Changes in 
the San Antonio Prairie Associated with Graz­
ing, Retirement from Grazing, and 
Abandonment from Cultivation," E. Mono gr. 
25:39-57 (1955). 

Martin, W. C., and C. R Hutchins, A Flora of 
New Mexico, 0. Cramer, Germany, 1980). 

McGehee, E., D. Snow, A. Ferg, and S. 
Shankland, "Excavations at the Romero Cabin, 
A Hispanic Homestead on the Pajarito Plateau, 
1913-1942," Los Alamos National Laboratory 
report in progress. 

Pickens, H. C., "Wildlife Habitat and Water­
shed Development Project-Los Alamos 
County," Atomic Energy Commission unpub­
lished report (1964). 

Old-Field Plant Succession on the Pajarito Plateau 

Savage, D. A., and H. E. Runyon, "Natural 
Revegetation of Abandoned Farmland in the 
Central and Southern Great Plains," in: Report 
of the Fourth International Grassland Congress, 
(Aberystwyth, Great Britain, 1937) 178-182. 

Shantz, H. L., "Plant Succession on Abandoned 
Roads in Eastern Colorado," J Ecology 5:19-42 
(1917). 

Statistical Sciences, S-PLUS Guide to Statistical 
and Mathematical Analysis, Ver.s'ion 3.3, (Seattle: 
StatSci, a division ofMathSoft, Inc., 1995). 

Steen, C., "Pajarito Plateau Archaeological 
Survey and Excavations," Los Alamos Scientific 
Laboratory report LASL-77-4 (1977). 

Tierney, G. D., and T. S. Foxx, "Floristic 
Composition and Plant Succession on Near­
Surface Radioactive Waste Disposal Facilities in 
the Los Alamos National Laboratory," Los 
Alamos National Laboratory report LA-9219-
MS (1982). 

Tierney, G. D., and T. S. Foxx, "Old Field 
Succession at Los Alamos National Labora­
tory-A Proposal to Complete a Study," sub­
mitted to HSE-8 (April!!, 1984). 

Tierney, G. D., and T. S. Foxx, "Succession on 
Historic Fields in the Vicinity of the Los 
Alamos National Laboratory," Los Alamos 
National Laboratory annual report (1983). 

Tomanek, G. W., F. W. Albertson, and A. 
Riegel, "Natural Revegetation on a Field Aban­
doned for Thirty-three Years in Central Kan­
sas," Ecology 36 (1955). 

71 



72 

US Atomic Energy Commission, "Real Estate 
Transaction at Los Alamos, New Mexico," US 
Atomic Energy Commission, Los Alamos Area 
Office dwg. no. ENG-R1654 (1963). 

Weaver, J. E., and E W. Albertson, "Vegetation 
of the Santa Catalina Mountains, Arizona­
Vegetation Biomass, Production, and Diversity 
along the Elevational Gradient," Ecol 56:771-
790 (1956). 

Yarnell, R A., "Implications of Pueblo Ruins as 
Plant Habitats," University of New Mexico 
unpublished thesis (1958). 

Old-Field Plant Succession on the Pajarito Plateau 



• Appendices 

Appendix A. Map of Land Acquisition by Federal Government 

Appendix B. Historic Information Relating to Homesteads 

Appendix C. Phytosociological Data for All Old Fields 

Appendix D. Phytosociological Data for Field 1 (Archuleta Field) 

Appendix E. Phytosociological Data for Field 2 (Garcia Field) 

Appendix F. Phytosociological Data for Field 3 (Ekburg Field) 

Appendix G. Phytosociological Data for Field 4 (Chupaderos Field) 

Appendix H. Phytosociological Data for Field 5 (Pumice Mine Field) 

Appendix I. Phytosociological Data for Field 6 (Serna Field) 

Appendix J. Phytosociological Data for Field 7 (Montoya Field) 

Appendix K. Phytosociological Data for Field 8 (Montoya y Gomez Field) 

Appendix L. Biological Data for Dominant Vegetation 

Appendix M. List of Common and Scientific Names 

Old-Field Plant Succession on the Pajarito Plateau 73 



Appendix A. Map of land Acquisition by Federal Government 
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PARCELS ACQUIRED BY CONDEMNATION OR PURCHASE 
over which the United States held exclusive jurisdiction from the respective 
dates of acquisition until March 15, 1949 (the effective date of retrocession 

to the State of New Mexico of such exclusive jurisdiction) 

.No. TRACT VENDOR ACRES 

1 E-28 Esequel Garcia. Estate 57.48 

2 E-24 Adolfo Garcia, et al. 160.00 

3 E-25 Adolfo Garcia 139.50 

4 E-29 Jose L. Garcia 35.53 

5 E-4 Federico Gonzales 72.50 

6 E-3 Jose M. & Fidel Serna 62.25 

7 E-7 0. 0. Grant 30.00 

8 E-9 Elfego Gomez 120.00 

9 E-8-A 0. 0. Grant 10.00 

10 E-8-B Ernesto Montoya 15.00 

11 E-8-C Adolfo Montoya 15.00 

12 A-7-A 0. 0. Grant 50.00 

13 A-7-B Ernesto Montoya 15.00 

14 A-7-C Adolfo Montoya 15.00 

15 E-6 Estanislado & Cirilo Gonzales 152.50 

16 E-5 Noberto Roybal 125.00 

17 A-10 Francisco Gonzales 22.50 

18 A-13 Manuel Lujan & Elfego Gomez 150.00 

19 A-14 Martin Lujan 160.00 

20 A-11-B Los Alamos Ranch School 320.00 

21 A-12 Ramon Duran, et al. 160.00 

22 A-11-A Los Alamos Ranch School 470.00 

23 B-19-B Walter V. Grottenthaler 20.90 

24 B-19-A Walter V. Grottenthaler 40.00 

25 B-16 A. M. Ross Est., Anchor Ranch 322.16 

26 B-17 Donaciano Gomez 160.00 

27 B-18 Jose Elfego & Jose Patncio Montoya 160.00 

28 B-12 Ramon Duran, et at. 10.00 

29 B-21 Victor Romero 15.00 

30 B-20 Mrs. Francisquita Romero, et at. 160.00 

31 A-15 Enriquez Montoya 62.50 

32 B-22 Montoya Bros. 90.00 

33 B-23 Ramon R. Roybal 107.50 

34 B-1 Mrs. Sanaida Archuleta 34.07 

35 B-2 Fermin L. Vigil 60.31 

TOTAL 3,599.70 

- Previously acquired by Manhattan Engineer District through 
condemnation or purchase (as enumerated above) 

flf:;i!\ii;'j TRACTS SOLD BY ATOMIC ENERGY COMMISSION 

W77)l Sold contingently, with right of re-entry by 
i(LU.L:l Atomic Energy Commrssion 

AREAS TRANSFERRED TO NATIONAL PARK SERVICE: 

CJDecember9,1959 CJ March 5, 1963 

ACRES* AREAl MANNER OF ACQUISITION 

8,407.50 A Previously acquired by Manhattan 
Engineer District from U.S. Forest 
Service by Memorandum of 
Understanding dated May 15, 1943. 

9,360.06 B Previously acquired by Manhattan 
Engineer District from U.S. Forest 
Service by Memorandum of 
Understanding dated May 15, 1943. 

4,650.00 c Previously acquired by Manhattan 
Engineer District from U.S. Forest 
Service by Memorandum of 
Understanding dated May 15, 1943 

544.00 D Previously acquired by Manhattan 
Engineer Distnct from U.S. Forest 
Service by Supplement No. 1, 
dated July 5, 1943, to original 
Memorandum of Understanding. 

22,705.24 E Previously acquired by Manhattan 
Engineer District from U.S. Forest 
Service by Memorandum of 
Understanding dated May 15, 1943; 
withdrawn from appropriation by 
Public Land Order No. 230, dated 
May 10,1944. 

240.00 F Acquired by Atomic Energy 
Commission from U.S. Forest 
Service by Supplement No. 2, 
dated October 15, 1947, to original 
Memorandum of Understanding. 

G Acquired by Atomic Energy 12,329.60 
Commission from U.S. Forest 
Service by superseding 
Memorandum dated April 14, 1948. 

4,505.60 H Acquired by Atomic Energy 
Commission from U.S. Forest 
Service by superseding 
Memorandum dated April 14, 1948. 

2,649.60 I Acquired by Atomic Energy 
Commission from U.S. Forest 
Service by superseding 
Memorandum dated April 14, 1948. 

3,925.± J Transferred to administrative 
control of Atomic Energy 
Commission by Presidential 
Proclamation No. 3539, dated 
May 27, 1963. 

*Acreages of areas A, B. C, 0, E, F, & J were computed from 
metes and bounds descriptions and are correct; acreages of 
areas G. H, & I were scaled by plantmeter and are subject to 
correction by metes and bounds computation when available. 

----Boundaries of the "minimum geographic area" comprising the Los Alamos Community, 
as established by the Act of September 28, 1962 (76 stat. 664; 42 U.S.C. 2304) 

--------- County 
boundary 

-------- Indian 
Reservation 

""""""""'""""" Boundaries of land acquired by the Atomic Energy Commission as enumerated above ---------Paved road 

---- Los Alamos County boundary -------------- Dirt road 
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Appendix B. Historic Information Relating to Homesteads 

Table B-1. Homesteads on the Paiarito Plateau. Patents arc copied from the Bureau of LaiidrJanaeement records. Santa re, N M. 
L.tiomcsteader llJate of Aoolication -Ccrnf1cate number -patent Number Acrca11:e 
1 BeruenoQumtana I 9/1111894 2090 - 120 
· Juan N. Gonzales 19/ll/1894 2071 - 120 
1 .t'cdro Uomez v Gonzales ltJIU4/llS9lS - 409:J 11U 
James S. Loomis 05/0il/1901 1920 - 163.85 
David Romero 07/20/1901 2781 - 160 

I !Severo Gonzales I 02/07/1902 f999 - 151U1 
William E Moses 07/31/1903 2559 - 40 

I E!rcn Gonzales de Duran, w1dow 06/14/1904 3285 - 160 
of Juan I~nacio Duran 
Mteucl Sanchez 09/ZlS/1904 3350 - 160 
Donaciano Gomez 04/18/1905 3455 - 160 
William C.. White I 0.: 1/18/1905 3459 - 160 
lJavtd Ouintana 1/Z0/1930 'm 010716 351630 97.50 

IJiarold H. Brook ~ 1/0011914 0637 1389938 130 
William M. Hopper ~ ·/0011914 I 06!11S and 011!653 i 389939 130 
Harold H. Brook 0310611914 019453 389940 20 
Roben G. McDougall 06/15/1914 014750 413859 107.50 
Jose Albino Montova 06121/1914 014751 4'7V145 90 
Estanislado Gonzales ~7[916 02/H 016045 514423 140 
Victor Romero 111916 I OlS/lJ<1 18000 541208 15 

I Ellso M. Vigil 11/ll 1916 18196 and 023933 553805 62.50 
Fedcnco Gonzales 05/04/1917 18016 1582454 57.50 
Martin Luian 06117/1918 . 020588 636672 160 
Franosco Gonzales 09/15/1919 . 021902 706489 22.50 
Roman Marunez 1VI21/I919 023461 714008 30 
Manha A. Brook 11/2811919 019452 72173T 150 
Fermin M. Vigil o· 1611920 023589 762236 60.31 
Andres Martinez o· 1&1920 . 021789 762235 62.25 
Donactano Gonzales 09 r..:o/1920 028722 773942 12.50 
Nobeno Rovbal 1110411920 027177 and 036324 77W42 125 
LocaOio Archuleta 04/01/1921 023882 - 52.11)_ 
fedcrico Gonzales 05/19/1922 042187 862923 15 
Ramon Duran 08/1511922 031525 876162 10 
A. J. Con nell 01/Zl/1931 062397 1043435 40 
Juan N. Gonzales 09/06/1944 2071 Jl18944 120 
TZ3 .tUUN 06E 
Juan Lu1s Garcia 06/13/1892 1793 - 160 
Jose L Uarc1a 08!15/!922- 025279 876161 35.53 
Hioolita de Archuleta 08/3111922 033345 878099 56.74 
.tzeou1el Gan:ta 12/04/1922 022374 889406 42.50 
Adolfo Uarcta 12/08/1924 041697 949507 55 

. 08/04/1933 065763 1065411 4.50 
Ezeoutel Garcta 02/11/1938 066149 1095524 14.98 
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Table B-2. Owners of the land at the time of the acguisinon by the federal government. 
Tract 1942 Owners Entry Date Original Grantee 
Number 
B1 Sanaida Archuleta et al. 4/21 Locadio Archuleta 
B2 Fermin L. Vigil et al. 7/20 Fermin Vigil 
E3 Jose Maria Serna et al. 7/16/20 Andres Martinez 
E4 Federico Gonzales et ux. 1917 Federico Gonzales 
E5 Noberto Roybal et ux. 11/20 Nobeno Roybal 
E6 Estanislado Gonzales et al. 12/18/16 Estanislado 

Gonzales 
E7 0. 0. Grant et ux. 7/44 Juan Gonzales 
A7a 0. 0. Grant et ux. 7/44 Juan Gonzales 
A7b Emesto Montoya et ux. 7/44 Juan Gonzales 
A7c Adolfo Montoya et ux. 7/44 Juan Gonzales 
E8a 0. _Q. Grant et ux. ? ? 
E8b Emesto Montoya et ux. '! ? 
ESc Adolfo Montoya ? ? 
E9 Elfego Gomez 1898 Pedro Gomez y 

Gonzales 
AID Francisco Gonzales et al. 9/19 Francisco Gonzales 
All a l.A Ranch School 3/6/14 Wm. Hopper & H. 

H. Brooks 
Allb l.A Ranch School 9/11/94 & 4/18/05 Ben. Quintana & 

Wm. White 
A12 Ramon Duran et al. 6/04 Elfren Gonzales de 

Duran 
B12 Ramon Duran et al. 8/22 Ramon Duran 
Al3 Manuel Lujan 8/20/13 David Quintana 
A14 ManinLujan 6/17/18 ManinLujan 
A15 Enriquez Montoya 11/16 Eliseo Vigil 
B16 A. M. Ross estate 5/01 & 2/02 J. Loomis and 

Severo Gonzales 
B17 Donaciano Gomez 4/05 Donaciano Gomez 
B18 Jose Elfego Montova et al. 9/04 Miguel Sanchez 
B19a W. N. Grottenthaler et ux. 7/03 William Moses 
B19b W. N. Grottenthaler et ux. ? ? 

B20 Victor Romero et al. 3/01 David Romero 
B21 Victor Romero et al. 8/16 Victor Romero 
B22 Adolfo Montoya et al. 6115 Jose Montoya 
B2~ Ramon R. Roybal et ux. 6/14 Roben McDougall 
R. F. Shaw (19 Dec 1984) 
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Table 8~3. U.S. Forest Service allotment tally sheet for one year (1993). 
Allotment Paid Stock Season I Exempt 

Stock 
Season iotal Fees 

Guaie: Rate- 16¢ oer head per month 

Garcia, Adolfo 25 111-f0131 2 5/16-10/15 '1.7 40.00 

Garcia, Eseauiel, Estate 16 111-10/31 2 5116-10/15 18 25.60 

Garcia, Feliciano 4 5/16-10115 - 5/16-10115 4 3.20 

Garcia, Jose L. 15 111-10/31 - 5/16-10/15 15 24.00 

Garcia, Jose S. - - 2 5116-10115 2 0.00 

Garcia, Salomon - - 2 5116-10/15 2 0.00 

Gomez. Elfee:o 25 111-10731 4 5116-10/15 29 40.00 

Gomez, J. A. 10 111-10/31 - 5/16-10/15 10 16.00 
Gonzales, Cirilo 25 111-10/31 4 5/16-10/15 29 i40.UO 
Gonzales, Estanislado 9 111-10/31 - 5/16-10115 9 14.40 

Grant, 0. 0. 10 1/l-10/31 - 5/16-10/15 10 3.20 
LopeZ,JUStO 9 5/16-10115 - 5/16-10/15 9 7.20 
Roybal, David 6 1/l-f0731 - 5/16-10/15 6 6.40 

Rovba!, Jose A. 3 5116-10115 - 5/16-10/15 3 2.4U 

Rovbal, Nobeno 6 111-10/31 7 5/16-10/15 13 9.60 
i rulillo,Tuan - 2 5/16-10/15 2 0.00 

iruiillo. Samuel - 2 5/16-10/15 2 0.00 

Totals 163 27 190 232.00 
I ajanto: Rate- 16¢ ocr head per month 

Anchor Ranch 20 5/16-10/15 - 5/16-10/15 20 16.00 
Duran. Jose Ramon 7 5/16-10/15 - 5116-10/15 7 5.60 
Montova, Tose Elfee:o 10 5/16-10/15 8 5/16-10/15 18 H.OO 
Montoya, Jose Patricio 16 5716-f0/15 3 5/16-10/15 19 12.80 
Rovbal. Ramon R. 56 111-5/31 - • 5/16-10/15 56 44.80 
Trujillo. Marcos 5 5116-IOllS - 5/16-10115 5 4.00 
Los Alamos Ranch 75 5/16-10115 - 5/16-10/15 75 0.00 
Totals 189 11 200 91.20 

78 Old-Field Plant Succession on the Pajarito Plateau 



Appendix C. 

TbiCIY h L. • 198? D a c .. ·.:!!;etati{)n Sl)l:cie~ Presence llT A .,mce Ltt ror - a a 

Species Old·Field Sitrs 
Cumml!n .:\arne Scicntitlc Name Archulcra G;m:i~i Ekberg ChupademJ ['umia: Serna Montov:l Mont11r.;. 

iFiclJ I) Al~miu>s :Field 3) (Field 4) Mioc (field 6) (~idd 7) y Gcdcz 
fField 2) (Field 5) (Fie:d S} 

A rner ican vc: ch j.·lci.2 tm:t:!'ic.Z11tl X X X X X X 
~ache plnme Flllhln'tl p!Uuo:u X 
Ancr Astrr spp. X X 
Bc.-ardtongue PmsmPitm app. X X X 
.lkrmu:l<. ~r;;.sj CrnM.m tkarirm X X X X 
tll~dc £rama BollrNUit mowria X X X 
Blue eram;. Bolluiotu. '(r<Ltiw X X X X X X X 
Bl~era~~ p,gspp. X X X 
8 otlie bru sit SU.nir~~~ byt~rir X X . X X X X 
~uirrdcail 

Brome €r;;.s~ BrllmHJ Sl'~· X 
Cham Is:. CiJ7"f!tJUJIIm1WJ JlotldHiliS X X X X X 
I'rkklv pear C."lrrUS O!>rm1i.s spp. X 
Wild BflirUJ tiiu«t.z X X X 
chl"¥stllthcmum 
Sweet clO\•e r MtliiDtUI q)p. X X X X 
Comrr.on HdialitiJIIS IIIIUMS X 
sunfiuwer 
'X1hirc ragweed .'fymmnptlpfmJ fi/ifD/ius X X X X 
Dacn four OJ9wplnls iPtaro X 
o'clock 
Gavtcarher liilllis fni1UIItlll X 
Chntgras~ Brtmtus r«rlJrrmt X X 
Drn'flseed SpDrob~laa spp. X X X X X X 

s,l~ies 01d·Ficld Sitc:s 
Specie~ t\Jcbulc:ta Garc~ Ekberg Cht1padercs Pumice Serna MonloV.l ::\-1011[()\' .. 

C1mmon N~:~e Scientific ~am~ (held 1! Alamiw» (Fidd .3) (Fidd :!1 Mine (Field cJ iFickf 7) ;· Gom~ 
(F .. JCld 2:• fFiclc ;) ··:.:;idJ It! 

E~taftata Anrnmio~ {Tigiaa X X 
E•·emnl!; t.trimrosc Otllothmz Sf.J>. X X X X X X 
F:U.1e hu fi31o m.1s .:l.fHI'IITI.Z Sf!JI:ZITI!~ X 
Fal3e tarra~mn Antmisitt tiMtrmts.Ir.s X X X X X X X X 
Flr~hed Gt;illartiifl puir!~IJ4 X 
F!a~ l.inum spp. X X X 
fle:~banL J:;ri'f!"11'1f spp. X X 
Indian L'~intbrush C."L<Iiiin11 spp. X 
frrmcc:t·~ Chm,podi,.m .frnwo•m I X 
~lo»rfcot ! 

Gam b.:- o~k Qum:JH 1/t:mb~ifi I X 
t:ilul'uilia fJ>vmotni~ ionkiflortt X X 
GJo~e m:o.llow .'i~h!l~4ic~OL mrrmto1. X X X 
GoJdcn-t.,..._. ViVYimt m11lliflrmt X 
bmb's (p:tr.en: C:hmt~podium !pp. X X X 
G re:-m h read Tht~Pm1UC trifiriY111 X X X 
Gaura (i.altrll roain'll X X X 
SJ)inw goldenwcocd H«11IO:Nl/I~IJ1 spinu/~!"5 X X 
lfidc.cntlttwer Crvr~ra'lf:btZ ioPJJelll X 
Indi:m lltzs So~iZStrRm '111111111 X X 
l..caf•; gdden ar.er Chrtillfl!is (DiiiiSil X X X X X X X 
Pc['lpcnm.ss l.tPttiitm' SDIJ. X 
Liu:c blueSt"cm j~·hizachJ-rilml ICtJMriUS X X X 
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T ·ble C t (cant i .. -
Specie5 Old-Field Sires 

Common Name Sc"•cnri:•c "amc Archultra c;arc:W Ekhn·g Chup:~.dc:ro~ 1'umu;o,; Scraa. Ml'lnt~a Manle>¥<1 

(Field I) Alam:toi (Field 3) (Field 4) Mine (?idd 6) (~idd 1.> "Gomu 
(Ficld 2) (Field 5l .(field 8) 

Luoint· l.u.tmtus c:uut1t:~< X X X 
M~r~Jcf P~-ns .m~usniili• X 
Millcvt'tch A .. •:rll(alMs sw. X 
Moon1ain muhlv Mllhinlb~ r•nmuuw X X X X X 
Mullan Vm.nr:11m tlllfpsus X X 
Must:ml Dttnm:ir~in soo. X . 
Nun1-lcaf vuc:a r~ "m·rn:i11im• X 
No,Jding ~l:mtiUiln X X 
bu~:kwh.:.u: 
OnNeed ioJmpcr ''"upr.rrn mr~r.IIS?trtr..t X X X 
Owl-clover OrrhrKtt!"MII soo. X 
l>incusnion c:t-.'tu> c(;~~:rh .. l·tr~itlilr.: X 
Pit1g_Lic: J lrmrnvrrs n'cbtlrd!unll X X X X X 
Pnndem~a pone f>imls tmrnitrnstl X 
Por:vmmt .4.1'.»11t7ria P~l·tinflt~ X X 
Po~-rnv three-a"'ll Arirs:filf mNric.sul X X 
Prairie do•-cr PttztiDsttmRm 5 pp. X 
Prairie ~untlmver H tli.mlhru tN!tio/4rir X 
J'IICCCOft f.itbftpnm1171f X X 

mM1till4rn m 
Ra!f:wet"d Amb""i" fi~1). X 
Rccltop llMrtil tt!bfl X X X X 
Russian thistl r s,.Jso~A ali X X X 
Ruui-.an whear~r:oss A(I"Oflllrotr tJmmmm1 X 

Goaabeard TrllrtJfJ~ dr~6iw X X X X 
Spec1es Old-Fielo Si[r:' 

Species Archulcra G:u;;ui l:kb~:rg 01upadcros . l'umic.: S~m:t MunWvil .Mo.l:0\".1 

Cu~Cmou :\"am c Scientilic '\amC' (Field I) Alamitos <.field 3) {Field 4} :VI inc (held Gj lr•!d 7J v Gorn~ 
fFid:l2) (Edd ;; "o.;c~c. ~~ 

S~nd dmD~Ped St"TDboi~M rr:fJill,uinc X 
Skdcwnw~:C'I! Ste:JIHPltl>-n"ltl soo. X 
Sh.:ph..•r.t s pu rs:.- C.tt1$tlbt bllr.'-4-"rl:i~ri; X X 
Smanwt'l"d. P11irrrmxm s~l'· X 
Sn:okcweed (iut:inTtriot s;~mffm:t X X X X X X 
Sri<Jd~."lf Mmruiiri p31mill X 
Sricksccc L;~·wu.ltt spp. X X 
Th:tad:af Smtull iur.g>iiJbrJs X 
burtrrwee.i 
Flc-.r.b;;.nt' Frif'triJ'1 !PD. X X 
"'[.,..ifiuc li(;cbc.nc 1-.ri~""'''lllrdism.• X X 
Verch rit-lA! .IMJ. X 
Walkin£"-Siic~ 
cholla 

Opu11na zmbrir.•lil X 

\X'c~:~.:rn .igropJFTI" 117lllllri X X 
whea~ra.1s 
Wh c-a u;: rass A...-o:Jr.,., s PD. X 
Wild bucky.nrat £riorlffltlm '~·~·· X X 
\"'itch I! ra.11 PDr..&llnt t"ilf/il1.1rt X 
WC!L.Uy lndi;.n Pitml:lt~ p~Mhli X X X 
"vhcat 
Wolftail !.w:tmR citkDJars X X 
Caauth A11t"misi.l (A1'f'Jiri:ii X X X X X X X 
"'ormwnod 
Loui.siana .A!ttrfltsiflJUtiiJviaiiHII X X 
"'·ormwood 
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Appendix D. 

Table D-1. Phvtosocioloeic:al data taken in 1982 for Fidd 1 (Archuleta Fidel) bv transect. 
SPECIES TRANSECT COVER(%) RELATIVE. FREQUENCY RELATIVE DOMINANCE 

COVER FREQUENCY INDEX 
GRAMINEAE 
AruimJNI:tm E 0 0 0 0 0 
JnrnDrurn 
Russian wheaQZr.~SS w 0.10 0.60 0.04 1.36 1.98 

s 0.10 0.73 0.06 247 1.61 

N 0.12 0.84 0.04 1.42 1.13 
Avera~te 0.08 0.04 1.18 

Arrt~tlmm smithii E 1.89 13.31 0.54 22.5 17.90 
Western wheaQZr.ISS w 1.70 10.00 0.66 22.45 16.62 

s 0.26 1.82 0.26 10.74 6.28 
N 0.65 4.54 0.38 13.48 9.01 
Averaste 1.13 0.46 12.45 

C ,_ion titza.viDn 
Bermuda~ E 0 0 0 0 0 

w 0.02 0.12 0.02 0.68 0.40 
s 0 0 0 0 0 
N 0 0 0 0 0 
Avera2e .005 0.01 0.10 

P011sp. E 0 0 0 0 0 
Bluegrus w 0 0 0 0 0 

s 0.02 0.14 0.02 0.83 0.45 
N 0 0 0 0 0 
Averau .008 0.01 0.11 

Sittmilm hvsrrix E 0.002 0.01 0.02 0.83 0.42 
Bottlcbrush w 0.12 0.72 0.06 2.04 1.38 
souirreltail 

s 0 0 0 0 0 
N 0 0 0 0 0 
Averue 0.03 0.02 0.45 

Unknown 21'a5S E 0.20 1.41 0.04 1.67 1.54 
w 0 0 0 0 0 
s 0 0 0 0 0 
N 0 0 0 0 0 
AveraRe 0.05 0.01 0.39 

StHWobtJ/w spp. E 0.04 0.28 0.04 1.67 0.97 
Dro!)seed w 0 0 0 0 0 

s 0 0 0 0 0 
N 0.26 1.80 0.10 3.55 2.69 
Averue 0.08 0.04 0.92 

FORBS 
Artmrisitt c11.rruthii E 2.80 19.72 0.44 18.33 19.03 
Carruth wormwood w 3.96 23.21 0.60 20.41 21.81 

s 3.17 22.33 0.60 24 .. 79 23.56 
N 2.38 16.75 0.40 14.18 15.47 
Avera2e 3.08 0.51 19.97 

Artmrisill E 0.08 0.58 0.10 4.17 2.37 
tir11.cunrulus 
False tarra~ron w 0 0 0 0 0 

s 0.12 0.85 0.04 1.65 1.25 
N 0.30 2.11 0.14 4.% 3.54 
Avera~te 0.13 0.07 1.79 

Ch,.,rot~sis fulios11 
l..cafy e:oldcn anu 

E 2.36 16.65 0.50 20.83 18.74 
w 1.86 10.90 0.42 14.29 12.59 
s 2.42 17.09 0.40 16.53 16.81 
N 3.52 24.78 0.56 19.86 22.32 
Avera~te 2.54 0.47 17.62 
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Tablel)-1 (cont.) 
SPECIES fRANSEl.;T COVER(%) RELAnV.E FREQUENCY RELATIVE DOMINANCE 

COVER FREQUENCY INDEX 
FORBS 
c;.u,,.. Stl 1). 

Scarlet bee blossom E 0 0 0 0 0 
w 0 0 0 0 0 
s 0.10 0.71 0.02 0.81 0.77 
N 0 0 0 0 0 
Avcr&Jtc 0.03 0.01 0.19 

G111in-rnill sllmthru E 1.51 10.59 0.30 12.50 11.55 
Snakrwccd w 5.85 34.27 0.60 20.41 27.34 

s 1.50 10.61 0.32 13.22 11.92 
N 0.682 4.81 0.22 7.79 6.14 
Avcrat:c 2.38 0.36 14.24 

HJ"'nu»tJI E 0.34 2.39 0.06 2.50 2.45 
rich•rJsq,;; 
Pin~c w 0.42 2.46 0.08 2.72 2.59 

s 2.04 14.39 0.28 11.57 12.98 
N 4.24 29.81 0.42 14.89 22.35 
Averat:e 1.76 0.21 10.09 

H"f'MNNDIIPfniS so. E 0.16 1.13 0.08 3.33 2.23 
White ruwccd w 0 0 0 0 0 

s 0 0 0 0 0 
N 0.36 2.55 0.14 4.96 3.75 
Average 0.13 0.06 1.50 

Mtliltmu aoo. E 0.33 2.29 0.12 5.00 3.64 
Swcctclover w 0.40 2.37 0.18 6.12 4.25 

s 0.54 3.82 0.16 6.61 5.22 
N 0.46 3.25 0.14 4.96 4.11 
Avcrat:c 0.43 2.93 0.15 5.67 4.30 

Omt1thm1 ao. E 0 0 0 0 0 
Evenine: primrose w 0.16 0.94 0.08 2.72 1.83 

s 0 0 0 0 0 
N 0.002 0.01 0.02 0.71 0.36 
Averat:e 0.04 0.03 0.55 

Unknown t; 0.10 0.70 0.02 0.83 0.77 
w 0 0 0 0 0 
s 0 0 0 0 0 
N 0 0 0 0 0 
Jnreratc 0.03 0.01 0.19 

Vitill ~~mnic111111 E 0 0 0 0 0 
Amcrian vetch w 0.002 0.01 0.02 0.68 0.35 

s 0 0 0 0 0 
N 0 0 0 0 0 
Avua~~:e 0.001 0.01 0.09 

Unknown ComtiOSite E 0.10 0.70 0.02 0.83 0.77 
w 0 0 0 0 0 
s 0 0 0 0 0 
N 0.10 0.70 .02 0.71 0.71 
Avera~~:e 0.05 0.01 0.37 

SHRUBS/TREES 
Ch'Jtt1th11mr1ru E 0.60 4.22 0.04 1.67 2.94 
riiiUittllfU 

Chamisa w 1.06 6.21 0.16 5.44 5.83 
s 3.90 27.51 0.26 10.74 19.13 
N 0.62 4.36 0.12 4.26 4.31 
Avcratc 1.55 0.15 8.05 

Pir~us p_tmlinolll E 3.00 21.09 0.04 1.67 11.38 
Ponderosa pine w 1.40 8.21 0.02 0.68 4.40 

s 0 0 0 0 0 
N 0 0 0 0 0 
Averat:e 1.10 0.02 3.95 
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Appendix E. 

Table E-1. PhVtOsocioloeical daaa taken in 1982 for Fidd 2 (Garcia Fidd) bv transect. 

SPECIES TRANSECT COVER(%) RELATIVE FREQUENCY RELATIVE DOMINANCE 
COVER FREQUENCY INDEX 

GRAMINEAE 
GRAMINOJDES 
Schir.uhpiwm E 0 0 0 0 0 
SCII_lHiritu 

Utde bluenem w 1.90 7.92 0.06 2.44 5.18 
s 0 0 0 0 0 
N 13.42 45.45 0.88 38.26 41.86 
Avera111:e }.83 0.24 11.76 

Apr~Jrprm mrithii E 6.60 28.01 0.60 23.62 25.85 
Western wheaamzss w 9.02 37.60 0.74 30.08 33.84 

s 4.80 18.92 0.56 24.35 21.63 
N 0 0 0 0 0 
Avera~:e 5.10 0.48 20.33 

A~stis!Q. E 1.10 4.68 0.14 5.51 5.09 
Redtop_ w 0 0 0 0 0 

s 0 0 0 0 0 
N 2.32 7.86 0.08 3.48 5.67 
Avera111:e 0.86 0.06 2.69 

Btn~tdowl motJDii4 E 0.60 2.55 0.04 1.57 0.26 
Blade ~rama w 1.10 4.58 0.04 1.63 3.10 

s 0 0 0 0 0 
N 1.50 5.08 0.02 0.87 2.97 
A vente 0.80 0.03 1.58 

B~ulor.. mui/i.s E 1.10 4.26 0.06 2.36 3.31 
Blue~a w 0.94 3.92 0.16 6.50 5.21 

s 0.20 0.79 0.02 0.87 0.83 
N 1.80 6.10 0.10 4.35 5.22 
Avera~:e 1.01 0.09 3.64 

Bl"ttmtu unmwm E 0.004 0.02 0.04 1.57 0.80 
Cheamrass w 0 0 0 0 0 

s 0 0 0 0 0 
N 0 0 0 0 0 
Aven~~:e 0.001 0.01 0.20 

Lymu fJhlroiti~ E 0 0 0 0 0 
Wolftail w 0 0 0 0 0 

s 1.70 6.70 0.08 3.48 5.09 
N 2.80 9.95 0.14 6.09 7.82 
Avenste 1.13 0.06 3.23 

St~_rrtUtnmr natlllll E 4.10 17.43 0.22 8.66 13.05 
Indian £r&SS w 0 0 0 0 0 

N 0 0 0 0 0 
s 0 0 0 0 0 
Avera~:e 1.03 0.06 3.26 

Spor,bo/as spp. E 0.60 2.55 0.06 2.36 2.45 
Dropseed w 1.02 4.26 0.12 4.88 4.57 

s 0.17 0.65 0.14 6.09 3.37 
N 0.30 1.02 0.08 3.48 2.25 
Avera~:e 0.52 0.10 3.16 

FORBS 
Artmrisill CII1'T'Uthii E 2.15 9.12 0.46 18.11 13.62 
Carruth wormwood w 4.14 17.26 0.50 20.32 18.79 

s 7.32 28.83 0.64 27.83 28.33 
N 2.32 7.86 0.18 7.83 7.85 
Averal(e 3.98 OA5 17.15 

Anmrisill E 2.30 9.79 0.16 6.29 8.04 
drilct411&fJius 

False tar~n w 2.92 12.17 0.26 10.57 11.37 
s 6.60 25.99 0.46 20.00 23.00 
N 0.60 0.03 0.06 2.61 2.32 
AvenRe 3.11 0.24 11.18 
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Table E I (cont ) . 
SPECIES TRANSECT COVER(%) RELATIVE FREQUENCY RELATIVE DOMINANCE 

COVER FREQUENCY INDEX 
FORBS 
&hi• tiiss«t• E 0 0 0 0 0 
Wild chrvsanthemum w 0 0 0 0 0 

s 0 0 0 0 0 

N 0.002 0.007 0.02 0.87 0.44 

Avera~:e 0.001 0.01 O.ll 
c.ps~IIA b,,.. E 0.004 0.02 0.04 1.57 0.80 

Pllltllris 
Shepherd's punc w 0 0 0 0 0 

s 0 0 0 0 0 
N 0 0 0 0 0 
Averatte 0.001 0.01 0.20 

CmsoDsis folios• E 2.20 9.35 0.16 6.29 7.83 

Lcafv ~olden asrrr w 0.54 2.26 0.14 5.69 3.97 
s 0.94 3.70 0.16 7.00 5.32 
N 2.00 6.78 0.26 11.30 9.04 
Averu:e 1.42 0.18 6.54 

Erir~rm fU,,dltJris E 0.50 2.13 0.08 3.45 4.64 

Spreadim! fleabane w 0 0 0 0 0 
s 0.50 1.97 0.02 1.87 1.42 
N 0.20 0.68 0.02 0.87 0.77 
Avera~~:e 0.30 0.03 1.71 

Gr~ttrrezu r~~rothrru E 0 0 0 0 0 
Snakewecd w 0.52 2.18 0.08 3.25 1.71 

s 0 0 0 0 0 
N 1.58 5.35 0.22 9.57 7.46 
Avera~~:e 0.53 0.08 2.29 

H1"'nu«JI E 0.10 0.43 0.02 0.79 0.61 
rich11rtisonii 
Pim!iie w 0.30 1.26 0.04 1.63 1.44 

s 0 0 0 0 0 
N 0.02 0.07 0.02 0.87 0.47 
Avera~~:e O.ll 0.02 0.63 

M~lillltw spp. E 0.30 1.28 0.06 2.36 1.82 
Sweetdovcr w 0.30 1.25 0.04 1.63 1.44 

s 0 0 0 0 0 
N 0 0 0 0 0 
Averatte 0.1S 0.03 0.82 

Oxbt~.Db..s LiMIU'is E 0 0 0 0 0 
Desert four o 'dock w 0.002 0.008 0.02 0.81 0.42 

s 0 0 0 0 0 
N 0 0 0 0 0 
Avera~:e o.ooos 0.01 0.11 

l.immrsp. E 0 0 0 0 0 
Fla.x w 0.002 0.008 0.02 0.81 0.41 

s 0.002 0.008 0.02 0.87 0.44 
N 0 0 0 0 0 
Avera~:e 0.001 0.01 0.21 

Lr~flimu c•ruimru E 0.60 2.56 0.14 5.51 4.03 
luoine w 0.54 2.25 0.10 4.06 3.16 

s 0.82 3.23 0.10 4.35 3.79 
N 0.20 0.68 0.04 1.74 1.21 
A venae 0.54 0.10 3.0S 

Omotinrtl q~. E 0.004 0.02 0.04 1.57 0.80 
Evenin11: primrose w 0.40 1.67 0.04 1.63 1.65 

s 0 0 0 0 0 
N 0.12 1.41 0.04 1.74 1.07 
Avera~~:e 0.131 0.03 0.88 

VitiA •mtril:tJ7111 E 0.13 0.55 0.14 5.51 3.03 
American vetch w 0.02 0.08 0.02 0.81 0.45 

s 0.02 1.08 0.02 0.87 0.47 
N 0.32 1.08 0.14 6.09 3.59 
Avera~~:e 0.12 0.08 1.89 
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Table E-t (cont.) 
SPECIES TRANSECT COVER(%) RELATIVE FREQUENCY RELATIVE DOMINANCE 

COVER FR~UENCY INDEX 
FORBS 
Vn"bollllnmr thtzfJSru E 0 0 0 0 0 
Mullein w 0 0 0 0 0 

s 1.80 7.09 0.04 1.74 4.41 

N 0 0 0 0 0 

Anra~te 0.45 0.01 1.10 
Vi""';,.. sp_p. E 0 0 0 0 0 
Golden eve w 0 0 0 0 0 

s 0.02 0.08 0.02 0.87 0.47 
N 0 0 0 0 0 
AveraJte 0.01 0.01 0.12 

Eri.rn-rm fl,tz,r/I.Aro E 0 0 0 0 0 
S preadintr fleabane w 0.20 0.83 0.04 1.63 1.23 

s 0 0 0 0 0 
N 0 0 0 0 0 
Averatte o.os 0.01 0.31 

Eri1__~spp. E 0 0 0 0 0 
Fleabane daisv w 0.10 0.42 0.02 0.81 0.61 

s 0 0 0 0 0 
N 0 0 0 0 0 
Averan 0.03 0.01 0.15 

SHRUB/TREES 
Ch'JSDtbllmPifiS E 0.22 0.94 0.06 2.36 1.65 
PlllUSUSfiS 

Chamisa w 0.02 0.08 0.02 0.81 0.45 
s 0.50 1.97 0.02 0.87 1.42 
N 0 0 0 0 0 
Averatte 0.19 0.03 0.88 

FtliJu.ri• Ptlrtuiox• E 1.00 4.25 0.02 0.79 2.52 
Aoache plume w 0 0 0 0 0 

s 0 0 0 0 0 
N 0 0 0 0 0 
Averatte 0.25 0.01 0.63 
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Appendix£ 

Table F-1. PhvmsocioiO(ic ata m 1982 or Je ~!'It I :>v transect. I cal d talcen . I; F' ld 3 (Ekbe Field) b 
SPECIES TRANSECT COVER(%) RELATIVE FREQUENCY RELATIVE DOMINANCE 

COVER FREQUENCY INDEX 

GRAMINEAE 
GRAMINOIDES 
Schiu&hJri- E 1.0 4.73 0.04 1.89 3.31 
S(;()f)llnw 

Litcle bluestem w 0.10 0.32 0.04 1.71 1.01 
s 0 0 0 0 0 
N 0 0 0 0 0 
Averajte 0.28 0.02 1.08 

BtiUtriouA rruilis E 6.40 3.26 0.42 19.81 25.03 

Blue trama w 8.52 26.38 0.68 29.06 27.72 
s 8.80 35.27 0.56 25.93 30.06 
N 4.94 18.05 0.4 15.15 16.6 
Avera~r:e 7.17 0.52 24.85 

Bl'tlmiU SOD. E 0 0 0 0 0 
Brome w 0 0 0 0 0 

s 0 0 0 0 0 
N 1.80 6.57 0.30 11.36 8.96 
Avera~r:c 0.45 0.08 2.24 

Crnotitm tillmlon E 0.10 0.48 0.04 1.89 1.18 
Bermuda tr2SS w 6.54 20.25 0.32 13.68 16.96 

s 0 0 0 0 0 
N 0 0 0 0 0 
Avera~r:e 1.66 0.09 4.54 

Muh/nrb"fill E 0 0 0 0 0 
mont11"" 
Mountain muhlv w 0 0 0 0 0 

s 0 0 0 0 0 
N 0.002 0.007 0.02 0.80 0.40 
Aver:altC 0.001 0.01 0.10 

Siunilm h,stri:r ·E 1.70 8.05 0.22 10.38 9.20 
Botclebrush w 1.85 5.74 0.44 18.08 12.27 
souirrelwl 

s 2.40 9.62 0.26 12.04 10.83 
N 0 0 0 0 0 
AvcraJ:c 1.49 0.23 8.07 

Sporobo/u.s SOD· E 0.30 1.43 0.08 3.77 2.60 
Dropseed w 6.00 18.57 0.06 2.56 10.57 

s 0.20 0.81 0.04 1.85 1.33 
N 0.10 0.38 0.06 0.27 1.33 
Aver:a~~:e 1.65 0.06 3.96 

FORBS 
Artnnisill c11rrvthii E 0 0 0 0 0 
Wormwood w 0 0 0 0 0 

s 0.14 0.57 0.08 3.70 1.14 
N 0 0 0 0 0 
Avcr:ate 0.04 0.02 0.29 
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T le ah F-lJcont.} 
SPECIES TRANSECT COVER(%) RELATIVE FREQUENCY RELATIVE DOMINANCE 

COVER FREQUENCY INDEX 
FORBS 
Artnnisi11 E 0.20 0.96 0.06 2.83 1.90 
J,ll~'lle'U/ru 

F alsc tarl'lllron w 2.62 14.30 0.34 14.53 14.42 

s 0.04 1.62 0.10 4.63 3.12 
N 5.08 18.55 0.52 19.70 19.12 

Ann.re 1.99 0.26 9.64 
Artnnisitl I~ E 
Louisiana w 
wormwood 

s 0.20 0.81 0.06 2.78 1.80 
N 
Aven.r;e 0.05 0.02 0.45 

Mn"spp. E 0 0 0 0 0 
Aster w 0 0 0 0 0 

s 0 0 0 0 0 
N 0.40 1.46 0.04 1.52 1.49 
Avera&e 0.10 0.01 0.37 

Astr•r•lur spp. E 0.30 1.44 0.08 3.77 1.61 
Milkvctch w 0.02 0.06 0.02 0.85 0.46 

s 1.10 4.41 0.14 6.48 5.45 
N 0 0 0 0 0 
Avera&e 0.36 0.06 1.88 

GlpuJJ. burs•- E 0 0 0 0 0 
PIUttJris 
Shepherd's purse w 0 0 0 0 0 

s 0 0 0 0 0 
N 0.10 0.37 0.02 0.76 0.56 
AnraRC 0.03 0.01 0.14 

Chr,sopsis klios11 E 3.30 15.72 0.44 20.75 18.24 
-~golden aster w 2.82 8.74 0.26 11.11 9.92 

s 1.50 6.00 0.10 4.63 5.32 
N 0.89 3.58 0.24 9.09 6.33 
Anrae:e 2.13 0.26 9.95 

&iorrmum spp. E 0 0 0 0 0 
Buckwheat w 0 0 0 0 0 

s 0 0 0 0 0 
N 0.20 0.73 0.04 1.52 1.12 
Averav:e 0.05 0.01 0.28 

Gutin"rnitl s11rothru E 4.80 22.70 0.28 13.21 18.00 
Snakewecd w 0.02 0.06 0.02 0.85 0.46 

s 3.60 14.42 0.28 12.96 13.96 
N 2.00 7.30 0.16 6.06 6.69 
Averare 2.61 0.19 9.78 

Hymnu»tJs E 0.10 0.47 0.02 0.94 0.71 
rich11rtisorrii 
Pin~~:iie w 0 0 0 0 0 

s 0.10 0.40 0.02 0.93 0.66 
N 0.02 0.07 0.02 0.76 0.42 
Averare 0.06 0.02 0.25 
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Table F-1 (mnt.) 
SPECIES TRANSECT COVER(%) RELATIVE FREQUENCY RELATIVE DOMINANCE 

COVER FREQUENCY INDEX 
FORBS 
HTmmi1Dil11Prll m. E 0 0 0 0 0 
White rapeed w 0 0 0 0 0 

s 0 0 0 0 0 
N 0.50 1.80 0,02 0.76 1.29 
Averaae 0.13 0.01 0.32 

Lzppu/A spp. E 0 0 0 0 0 
Srickseed w 0 0 0 0 0 

s 0 0 0 0 0 
N 0.002 0.007 0.02 0.76 0.38 
Avera~~;e 0.001 0.01 0.10 

LithtJspnm14m E 0 0 0 0 0 
m~~lti&rwm 

Puccoon w 0 0 0 0 0 
s 0.10 0.40 0.20 0.93 0.66 
N 0.002 0.007 0.002 0.76 0.38 
Avera2e 0.026 0.051 0.26 

Lupi11w &llwUuus E 0.50 2.38 0.12 5.66 4.02 
Lupine w 0.10 0.31 0.02 0.85 0.58 

s 0.10 0.40 0.02 0.93 0.66 
N 0.32 1.17 0.06 2.27 1.72 
Avera~~;e 0.26 0.06 1.74 

M~uiDtru spp. E 0.10 0.47 0.02 0.94 0.71 
Sweetdover w 0.20 0.62 0.02 0.85 0.74 

s 0 0 0 0 0 
N 0.02 0.07 0,02 0.76 0.42 
Avera~~:e 0.08 0.02 0.47 

Omothrrll so. E 0.20 1.00 0.06 2.83 1.89 
Evenine primrose w 1.20 3.71 0.08 3.42 3.57 

s 0.10 0.40 0.02 0.93 0.66 
N 0.40 1.46 0.06 2.27 1.87 
'Avera~~;e 0.48 0.06 2.00 

PttlliDnmnmt soo. E 0 0 0 0 0 
Prarie dover w 0 0 0 0 0 

s 0.10 0.40 0.02 0.93 0.66 
N 0 0 0 0 0 
Avera~~;e 0.03 0.01 0.17 

P!Antllftl punhii B 0 0 0 0 0 
Woollv Indian wheat w 0 0 0 0 0 

s 0.10 0.40 0.02 0.93 0.66 
N 0 0 0 0 0 
Avera~~;e 0.03 0.01 0.17 

s~no ltmriiDbus E 0 0 0 0 0 
Lon~leaf buttenveed w 0 0 0 0 0 

s 1.10 4.41 0.06 2.78 3.60 
N 0 0 0 0 0 
Avera~~;e 0.28 0.02 0.90 

StJhll""'"" Sl)CJ, E 0 0 0 0 0 
Globemallow w 0 0 0 0 0 

s 0.20 0.80 10.04 1.85 1.33 
N 0.50 1.83 0.08 3.03 2.43 
Avera~~;e 0.18 2.53 0.94 
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Tabl e F-1 (cont.) 
SPECIES TRANSECT COVER (o/o) RELATIVE FREQUENCY RELATIVE DOMINANCE 

COVER FREQUENCY INDEX 
FORBS 
Thtimln'mll. spp. E 0.20 0.95 0.04 1.89 1.42 
Green thread w 0 0 0 0 0 

s 0 0 0 0 0 

N 0 0 0 0 0 

Avera~rc 0.05 0.01 0.35 
Vzcitl llmmeii1UI E 0.002 0.009 0.02 0.94 0.48 
American vetch w 0 0 0 0 0 

s 0.002 0.008 0.02 0.93 0.47 
N 0.01 0.04 0.12 4.55 2.29 
Avcra~rc 0.004 0.04 0.81 

SHRUB/TREES 
Chrysothllm711U E 1.90 9.00 0.18 8.49 8.74 
rJilfiStDstU 

Chamisa w 0.30 0.93 0.04 1.71 1.32 
s 4.10 16.42 0.26 12.04 14.23 
N 9.30 33.96 0.38 14.39 24.18 
Avcra~rc 3.90 0.22 12.12 

_h,,ip_nw mtmosp~ E 0 0 0 0 0 
One-seed iunioer w 0 0 0 0 0 

s 0.60 2.40 0.02 1.85 2.13 
N 0.50 1.83 0.02 0.76 1.29 
Avera~rc 0.28 0.01 0.86 
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Appendix G. 
Table G-1. Phvrosociolotzical data taken in 1982 for Field 4 (Chupaderos Field) bv transea. 

SPECIES TRANSECT COVER(%) RELATIVE FREQUENCY RELATIVE DOMINANCE 
COVER FREQUENCY INDEX 

GRAMINEAE 
GRAMINOIDES 
Schiuch]rium E 0 0 0 0 0 
scDPilrius 
Little bluesrem w 0 0 0 0 0 

s 0 0 0 0 0 
N 0.1 0.4 0.02 0.9 0.7 
Averaee 0.1 0.02 0.7 

Bouulmut rrllrilis E 21 70.6 0.84 35.9 53.2 
Blue srrama w 19.5 66.9 0.9 40.4 53.6 

s 10/9 65.5 0.76 38.0 51.3 
N 11.0 46.8 0.94 41.6 44.2 
Avcraee 275 0.86 50.58 

Muhu,br1fi" E 0 0 0 0 0 

''"""·"" Mountain muhlv w 0 0 0 0 0 
s 0 0 0 0 0 
N 0.02 0.09 0.02 0.9 0.5 
Averaee 0.01 0.01 0.13 

Si~~mitm Jrnrrix E 0.02 0.07 0.02 0.9 0.5 
Bottlebrush w 0 0 0 0 0 
squirreltail 

s 0 0 0 0 0 
N 0.02 0.09 0.02 0.9 0.5 
Aven2e 0.01 0.01 0.25 

SJ»Ttlbolus 5J'Il. E 0.06 0.2 0.06 2.6 1.4 
Drop seed w 0.56 1.9 0.08 3.5 2.7 

s 0.04 0.1 0.04 2.0 1.1 
N 0 0 0 0 0 
Averaee 0.17 0.05 1.3 

FORBS 
ArtrmisiA cllrrvthii E 1.0 3.4 0.2 6.8 5.1 
Carruth wormwood w 5.6 19.1 0.4 19.3 19.2 

s 5.4 17.6 0.46 23.0 20.3 
N 6.9 29.2 0.38 16.8 23.0 
Averaee 4.72 0.36 16.9 

I ArtmtisiA E' 0.82 2.8 0.12 5.1 3.9 
. JTIIt:UtiCU/US 

False tarragQJl w 0.42 1.4 0.06 2.6 2.0 
s 0.1 0.3 0.02 1.0 0.7 
N 0.42 1.8 0.04 1.8 1.8 
Aven2e 0.44 0.06 2.1 

_ChmDptldium M'P· E 0.1 0.5 0.14 6.0 3.2 
Lamb's quarters w 0.06 0.2 0.06 2.6 1.4 

s 0.46 1.5 0.1 5 3.2 
N 0.14 0.6 0.06 2.7 1.6 
AvenRe 0.19 0.09 2.35 

ClmsDtJsis fr,Jitlsll E 0 0 0 0 0 
Leafv ~~:olden aster w 0 0 0 0 0 

s 0 0 0 0 0 
N 1.6 5.6 0.18 8.0 7.3 
Averaee 0.4 0.05 1.83 

C,.,p.,thll ;11mnii E 0 0 0 0 0 
Hidden flower w 0 0 0 0 0 

s 0.2 0.7 0.04 2.0 1.3 
N 0 0 0 0 0 
Averaee 0.05 0.01 0.33 

Dncu,..;,iA 1pp. E 0.02 O.D7 0.02 0.9 0.5 
T a.ruey-mUitard w 0 0 0 0 0 

s 0 0 0 0 0 
N 0 0 0 0 0 
Averav._e 0.01 0.01 0.13 
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Table G-l {cont.) 
SPECIES TRANSECT COVER(%) RELATIVE FREQUENCY RELATIVE DOMINANCE 

COVER FREQUENCY INDEX 
FORBS 
E~,. cmruum E 0.1 0.5 0.14 6.0 3.2 
Buckwheat w .42 1.4 0.08 3.5 25 

s 0.42 1.4 0.18 9 5.2 

N 0.04 0.2 0.04 1.8 1.0 

Avena~re 0.25 0.12 3.13 
Gt~illutiitz pukh~U. E 0 0 0 0 0 
Firewheel w 0 0 0 0 0 

s 0 0 0 0 0 

N 0.12 0.5 0.04 1.8 1.1 
Avena2e 0.03 0.01 0.28 

~Dtisspp. E 0.02 0.07 0.02 0.9 0.5 
Gilia w 0 0 0 0 0 

s 0 0 0 0 0 
N 0 0 0 0 0 
Avera~re 0.01 0.01 0.13 

Giiitz ltm~f/or• E 0 
Blue 2'ilia w 0.02 0.07 0.02 0.9 0.5 

s 0 0 0 0 0 
N 0.06 0.2 0.06 26 1.4 
Avera~re O.o2 0.02 0.48 

H~litzr~thru E 0.2 0.8 0.08 3.4 21 
_pttiolllris 
Prairie clover w 0.06 0.2 0.06 26 1.4 

s 0 0 0 0 0 
N 0 0 0 0 0 
Avena~te 0.07 0.04 0.88 

Ht~piDpt~ppru E 0.1 0.3 0.1 4.3 23 
spmuiDnu 
Spiny 2olden aster w 0 0 0 0 0 

s 0 0 0 0 0 
N 0 0 0 0 0 
Avena~re 0.03 0.03 0.58 

Ltzppui, sop. .t:: 0.5 1.6 0.1 4.3 29 
Stick.seed w 0 0 0 0 0 

s 0.5 1.7 0.08 4.0 28 
N 0 0 0 0 0 
Avena2e 0.25 0.05 1.42 

Mtm~~rtitl p«tinatll E 0.06 0.2 0.06 26 1.4 
Ponvminc w 0.02 0.07 0.02 0.9 0.5 

s 0 0 0 0 0 
N 0 0 0 0 0 
Avena2e 0.02 0.02 0.48 

OmDth"asp. E 0 0 0 0 0 
Evenin~J)rimrose w 0.02 0.07 0.02 0.9 0.5 

s 0 0 0 0 0 
N 0 0 0 0 0 
Avena~re 0.01 0.01 0.13 

Pmu an~ti(olitz E 0.02 0.07 0.02 0.9 0.5 
Fetid mari~ld w 0 0 0 0 0 

s 0.02 0.07 0.02 1.0 0.5 
N 0 0 0 0 0 
AYeni2C 0.01 0.01 0.25 

Pmnmttm spp. E 0 0 0 0 0 
Beardton~?:Ue w 0.04 0.1 0.04 1.8 0.9 

s 0 0 0 0 0 
N 0 0 0 0 0 
Avenatre 0.01 0.01 0.23 

Plllr~tt~rD _purshii E 0.02 0.07 0.02 0.9 0.5 
Woolly Indian w 0 0 0 0 0 
wheat 

s 0 0 0 0 0 
N 0 0 0 0 0 
Avenan 0.01 O.QJ 0.13 
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Table G-1 (cone.) 
SPECIES TRANSECT COVER(%) RELATIVE FREQUENCY RELATIVE DOMINANCE 

COVER FREQUENCY INDEX 
FORBS 
S.isoltz lttdi E 0 0 0 0 0 

Russian thisde w 0.02 0.07 0.02 0.9 0.5 
s 0 0 0 0 0 
N 0 0 0 0 0 

AVC!'a2e O.oi 0.01 0.13 

Tr11roPtWP1I t/11bius E 0 0 0 0 0 
Goaabeard w 0 0 0 0 0 

s 0.1 0.3 0.02 1.0 0.7 
N 0 0 0 0 0 
Avera~ 0.03 0.01 0.18 

VidA ~~mmciUUl E 0.06 0.2 0.06 26 1.4 
American vea:h w 0116 0.5 0.16 7.0 3.8 

s 0.06 0.2 0.06 3.0 1.6 
N 0.3 1.3 0.14 6.2 3.7 
Avera2e 0.09 0.11 263 

SHRUB/TREES 
Chryso1h11mnru E 5.6 18.8 0.4 17.1 17.9 
1111ru~osus 

Chamisa w 2.3 7.8 0.28 12...3 10.0 
s 21 6.7 0.18 9.0 7.9 
N 27 11...3 0.3 13...3 123 
Avera2e 3.18 0.29 1202 

jllnipnw E 0 0 0 0 0 
mtmOspnmll 
One-seed juniper w 0 0 0 0 0 

s 1.5 4.9 0.04 20 3.4 
N 0 0 0 0 0 
Avc:rav:e 0.38 0.01 0.85 
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Appendix H. 

Tabl H 1 Ph • I "cal d taken e .. lV1DSOC10 O»l ata • M" Fidd) b in 1982 for Field 5 (Pumu:e 1ne 1 >v transect. 

SPECIES TRANSECf COVER(%) RELATIVE FREQUENCY RELATIVE DOMINANCE 
COVER FREQUENCY INDEX 

GRAMINEAE 
GRAMINOIDES 
ArirriJtz spp. E 0 0 0 0 0 
Three-awn w 1.0 5.9 0.02 1.0 3.5 

s 0 0 0 0 0 
N 0 0 0 0 0 
Averatt 0.25 0.01 0.88 

A,.;rriJt, dWtzriCfl!!Jtl E 0.8 3.9 0.22 11 7.4 
Pow:nv three-awn w 0.4 24 0.08 4.0 3.2 

s 1.2 6.9 0.06 3.1 5.0 
N 0.88 3.9 0.22 11 7.4 
Averue 0.8 0.1 5.8 

Bouteimul yraci/is E 3.5 20.4 0.2 11.0 15.7 
Blue IZ!'ama w 0.5 3.0 0.02 1.0 20 

s 2.5 14.3 0.16 8.3 11.3 
N 5.2 229 0.16 8 15.5 
Avera£e 293 0.14 11.13 

OmtN:bm tU&tviDn E 1.3 7.6 0.08 4.4 6.0 
Bermuda lmW w 0.3 1.8 0.02 1.0 1.4 

s 0.12 0.7 0.04 21 1.4 
N 0.5 20 0.08 4 3.0 
Aw:ra£e 0.56 0.06 2.95 

L1mu tJhkuiJn E 0.1 0.6 0.02 1.1 0.8 
Wolftail w 0 0 0 0 0 

s 0 0 0 0 0 
N 0.02 0.09 0.02 1 0.5 
Avera~te 0.03 0.01 0.33 

MuhinlbtTfill E 1.2 7.1 0.12 6.6 6.8 
mD1111111tl 
Mountain muhlv w 0 0 0 0 0 

s 0 0 0 0 0 
N 0 0 0 0 0 
Aw:ra£e 0.3 0.03 1.7 

Mun,.Dtl squtlrDSil E 0 0 0 0 0 
False bulhlo ~trass w 0 0 0 0 0 

s 0 0 0 0 0 
N 0.02 0.09 0.02 1 0.5 
Averaste 0.01 0.01 0.13 

Simnitm h.,trix E 0.3 1.6 0.14 7.7 4.7 
Boalebrush w 0.6 3.5 0.04 2.0 28 
sq_uirreltail 

s 0.3 1.5 0.12 6.3 3.9 
N 0 0 0 0 0 
Aw:rue 0.3 0.08 2.85 

s,_.,boJw !PP· E 22 126 0.48 26.4 19.5 
Dropseed w 8.2 48.8 0.86 43.4 46.1 

s 7.8 44.4 0.76 39.6 420 
N 3.9 39.5 0.7 35 37.2 
Avera2e 5.52 0.7 36.2 

FORBS 
Antmisill E 0.2 1.3 0,04 2.2 1.7 
tirllcuru:uius 
False tllml$!0n w 1.3 7.8 0.2 10.1 9.0 

s 1.9 10.8 0.26 12.5 12.2 
N 3.0 122 0.26 13 13.1 
Aw:rue 1.6 0.19 9.0 
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Table H-1 (cont.) 
SPECIES TRANSECT COVER(%) RELATIVE FREQUENCY RELATIVE DOMINANCE 

COVER FREQUENCY INDEX 
FORBS 
ArtmrisiA fi-i~ E 0 0 0 0 0 
Est2fiaa w 0.1 0.6 0.02 1.0 0.8 

s 0 0 0 0 0 

N 0 0 0 0 0 
Avera2e 0.03 0.01 0.2 

ArtmrisiA E 0 0 0 0 0 
J,U,;a,,. 
Louisiana w 0 0 0 0 0 
wormwood 

s 0.002 0.01 0.02 1.04 0.5 
N 0 0 0 0 0 
Avera~ 0.001 0.01 0.13 

Bllhi• Jisstatl E 0 0 0 0 0 
Wild w 0.02 0.1 0.02 1.0 0.6 
chrvsanthemum 

s 0 0 0 0 0 
N 0 0 0 0 0 
Avera2e 0.01 0.01 0.15 

Chmf1111Niirmt spp. E 0.1 0.6 0.02 1.1 0.8 
Lamb's QuarterS w 0 0 0 0 0 

s 0 0 0 0 0 
N 0 0 0 0 0 
Avera2e 0.03 0.01 0.2 

GW. imlrif/Dr• E 0 0 0 0 0 
Blue 2ilia w 0 0 0 0 0 

s 0.02 0.1 0.02 1.04 0.6 
N 0 0 0 0 0 
Averaste 0.01 0.01 0.15 

Gutitrrtzitl E 5.0 29.2 0.36 19.8 24.5 
Stlrothrllt 
Sna.kcweed w 3.5 20.6 0.5 25.3 22.9 

s 2.4 12.6 0.32 16.7 15.1 
N 3.5 15.3 0.34 17 16.1 
Avera£e 3.6 0.38 19.65 

H•plop•pJNS E 0.12 0.7 0.04 22 1.4 
JPinuloSMS 
Soinv I!Oidenwccd w 0.3 2.0 0.12 6.1 4.0 

s 0.1 0.7 0.06 3.1 1.9 
N 0.12 0.5 0.04 2 1.3 
Avera2e 0.16 O.G7 2.15 

Conptlnth• viPfJtlrll E 0.002 0.01 0.02 1.1 0.6 
Pincushion caaus w 0 0 0 0 0 

s 0 0 0 0 0 
N 0 0 0 0 0 
Averaee 0.001 0.01 0.15 

Otnmti4 spp. E 0.02 0.1 0.02 1.1 0.6 
Pricklv pear c:aaus w 0 0 0 0 0 

s 0 0 0 0 0 
N 0.1 0.4 0.02 I 0.7 
Avera£e 0.03 0.01 0.33 

01Juruitl imbriet#tl E 0 0 0 0 0 
Walking-stick. w 0 0 0 0 0 
cholla 

s 0.5 2.9 0.02 1.0 2.0 
N 0 0 0 0 0 
Avera2e 0.13 0.01 0.5 
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Table H-1 (cont.) 
SPECIES TRANSECT COVER(%) RELATIVE FREQUENCY RELATIVE DOMINANCE 

COVER FREQUENCY INDEX 
FORBS 
S.lsoiA luJi E 1.0 6.0 0.14 7.7 6.9 
Russian dlisde w 0 0 0 0 0 

s 0 0 0 0 0 
N 0 0 0 0 0 
Averaj!e 0.25 0.04 1.73 

Sphn.l&tt~ so. E 0 0 0 0 0 
Globemallow w 0 0 0 0 0 

s 0 0 0 0 0 
N 0.06 0.3 0.06 3 1.6 
Avera~~:e 0.02 0.02 0.4 

TrttEOfJ~tm dubiw E 0 0 0 0 0 
Goats beard w 0 0 0 0 0 

s 0.02 0.1 0.02 1.0 0.6 
N 0 0 0 0 0 
Avera11:e 0.01 0.01 0.15 

SHRUBS/TREES 
Chrysothll,su N 0.4 1.8 0.06 3 2.4 
11/ISUMSUS 

Chamisa E 0 0 0 0 0 
w 0 0 0 0 0 
s 0.1 0.6 0.02 1.04 0.8 
N 0 0 0 0 0 
Averav:e 0.1 0.02 0.6 
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Appendix I. 

Table 1-1. Phytosociol021c ta en m r Je crna 1e •Y transect. 'cal da tak . 1982 fu Fi ld 6 CS F !d) b 

SPECIES TRANSECT COYER(%) RELATIVE FREQUENCY RELATIVE DOMINANCE 
COVER FREQUENCY INDEX 

GRAMINEAE 
GRAMINOIDES 
Atrostis sp. E 0 0 0 0 0 

RcdtQp w 0 0 0 0 0 
s 0 0 0 0 0 
N 3.30 11.32 0.14 5.88 8.60 
Avcra~e 0.83 0.04 2.15 

Bnkimul p11ciiis E 5.50 20.27 0.22 7.29 13.78 

Blue 2f2111a w 1.10 5.95 0.06 2.48 4.22 

s 0 0 0 0 0 
N 0 0 0 0 0 
Avcra~e 1.65 0.07 4.25 

B""""" ~ E 0.10 038 0.06 1.99 1.18 

CheatrraSs w 0.80 432 0.02 0.83 2.57 

s 0 0 0 0 0 
N 0 0 0 0 0 
Avcraae 0.23 0.02 0.94 

c~, ut"tYIDn E 0 0 0 0 0 
Bermuda e:rass w 0.20 1.08 0.02 0.83 0.95 

s 0.30 1.77 0.04 1.66 1.72 
N 0 0 0 0 0 
AveraRe 0.13 0.02 0.67 

Paninmr c•pi/111" E 0 0 0 0 0 

Wirche:rass w 0 0 0 0 0 
s 0 0 0 0 0 
N 0.002 0.007 0.02 0.84 0.42 
Averaae 0.001 0.01 0.11 

PD11 sop. E 0.30 1.11 0.04 1.32 1.22 

Blu~ w 0 0 0 0 0 
s 0 0 0 0 0 
N 0.30 1.02 0.02 0.84 0.93 
Avcra~:e 0.15 0.02 0.54 

Sporobo/11.1 E 2.91 10.72 0.62 20.53 15.63 
cryplllruirus 
Sand drollseed w 0.19 1.05 0.24 9.92 5.48 

s . 0.18 1.08 0.14 5.83 3.46 
N 0.47 1.62 0.26 10.92 6.27 
Averace 0.94 0.32 7.71 

FORBS 
.Ambrosill spp. E 0.002 0.007 0.04 1.32 0.67 
Ruweed w 0 0 0 0 0 

s 0 0 0 0 0 
N 0 0 0 0 0 
Averace 0.001 0.01 0.17 

.Ann-spp. E 0 0 0 0 0 
Aster w 0 0 0 0 0 

s 0.20 1.17 0.02 0.83 1.01 
N 0.002 0.007 0.02 0.84 0.42 
Avcrace 0.05 0.01 0.36 

.Artmsisill c11rrrubii E 5.48 21.52 0.58 19.21 20.36 
Carruth wormwood w 8.22 44.39 0.56 23.14 33.77 

s 8.24 48.52 0.62 25.83 37.18 
N 10.40 35.67 0.70 29.41 32.54 
Avcrace 8.09 0.62 30.96 

.Anmsisitl E 2.50 9.22 0.32 10.59 9.91 
Jrllcunc./ru 
False ~on w 2.80 15.14 0.48 19.83 17.49 

s 4.82 28.38 0.60 25.00 26.69 
N 14.40 42.51 0.58 24.37 33.44 
Avcrace 6.13 0.50 21.88 
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Table 1-1 (cont.) 
SPECIES TRANSECT COVER(%) RELATIVE FREQUENCY RELATIVE DOMINANCE 

COVER FREQUENCY INDEX 
FORBS 
Arrm.isia fri~ E 7.40 27.26 0.32 10.59 18.93 
Estafiaca w 2.00 10.80 0.12 4.96 7.88 

s 0 0 0 0 0 

N 0.50 1.72 0.06 2.52 2.12 

Averat:e 2.48 0.13 7.23 
Chmt~potiirmr 
fnrti/~,; 

E 0 0 0 0 0 

Lamb's auarrers w 0 0 0 0 0 

s 0 0 0 0 0 
N 0.10 0.34 0.02 0.84 0.59 
Ave rue 0.03 0.01 0.15 

Ch,.,rtJpsis (olios• E 0.70 2.57 0.12 3.97 3.28 
Golden weed w 0.82 4.43 0.12 4.96 4.69 

s 0.10 0.58 0.02 0.83 0.71 
N 0.22 0.75 0.04 1.68 1.22 
Averat:e 0.46 0.08 2.48 

Eritlftmrmr t:m11111m E 0 0 0 0 0 
Noddinsr buckwheat w 0 0 0 0 0 

s 0.60 3.53 0.02 0.83 2.18 
N 0.20 0.69 0.08 3.36 2.03 
Ave rue 0.20 0.03 1.05 

H•piDp•ppru E 0.92 3.39 0.22 7.28 5.31 
_!P_muiDnu 

Spiny ~:oldenweed w 0.10 0.54 0.02 0.83 0.68 
s 0.004 0.02 0.04 1.66 0.85 
N 0 0 0 0 0 
Averat:e 0.256 O.CfT 1.71 

Lupinus t:~truilwzus E 0.70 2.60 0.20 6.62 4.61 
Lupine w 0.80 4.33 0.26 10.74 7.54 

s 0.84 4.95 0.16 6.66 5.81 
N 0.10 0.34 0.02 0.84 0.59 
Avera~~:e 0.61 0.16 4.64 

Mt~n~trti• p«ti,.u E 0.03 0.10 0.12 3.97 2.03 
Ponvmint w 0.12 0.66 0.06 2.48 1.56 

s 0.20 1.19 0.06 2.50 1.84 
N 0.23 0.78 0.16 6.72 3.75 
Averat:e 0.15 0.10 2.30 

Om11th"• 51'· E 0 0 0 0 0 
Eveninsr primrose w 1.30 7.03 030 12.39 9.71 

s 0.86 5.11 0.26 10.83 7.97 
N 0.54 1.85 0.08 3.36 2.60 
Averat:e 0.68 0.16 5.07 

Sph"lllca sp. E 0 0 0 0 0 
G1obemallow w 0 0 0 0 0 

s 0.004 0.02 0.04 1.66 0.85 
N 0 0 0 0 0 
Averatte 0.001 0.01 0.21 

Vit:ia llmnictlntl E 0.23 0.84 0.16 5.29 3.07 
American vetch w 0.23 1.24 0.16 6.61 3.92 

s 0.31 1.84 0.26 10.83 6.34 
N 0.05 0.16 0.12 5.04 2.60 
Averatte 0.21 0.18 3.98 

Unknown E 0 0 0 0 0 
w 0.02 0.11 0.02 0.83 0.47 
s 0 0 0 0 0 
N 0 0 0 0 0 
Averatte 0.01 0.01 0.12 
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Appendix]. 

Table T-1 PhvtOSociola~cal data taken in 1982 for Field 7 (Montova Fid d bvrransea. 
SPECES TRANSECT COVER(%) RELATIVE FREQUENCY RELATIVE DOMINANCE 

COVER FREQUENCY INDEX 
GRAMINEAE 
GRAMINOIDES 
A~nirspp. E 0 0 0 0 0 
Red too w 0 0 0 0 0 

s 0.10 0.51 0.02 0.71 0.61 
N 0 0 0 0 0 
AYcra~te 0.03 0.01 0.15 

AristiJA SDD· E 0.22 0.70 0.06 2.26 1.48 
Three-awn w 0.10 0.52 0.02 0.91 0.71 

s 1.50 7.66 0.10 3.57 5.62 
N 0 0 0 0 0 
AYera~te 0.46 o.os 1.95 

BDflttlow. ml&ilis E 10.96 34.93 0.74 27.82 31.37 
Bluc~a w 5.70 29.66 0.62 28.18 28.91 

s 4.52 23.09 0.42 15.00 19.04 
N 6.74 43.10 0.86 35.96 39.03 
AYeraJtC 6.98 0.66 29.59 

M ahimlm-giiJ E 0 0 0 0 0 
mtmtlli'IIJ 

Mouna.in muhlv w 1.60 8.33 0.06 2.73 5.53 
s 0.86 4.39 0.16 5.71 5.05 
N 0.40 2.56 0.04 1.63 2.10 
AYeratte 0.72 0.07 3.17 

P011 spp. E 0 0 0 0 0 
Blu~s w 0 0 0 0 0 

s 0 0 0 0 0 
N 0.30 1.92 0.04 1.63 1.77 
AYera~te 0.08 0.01 0.44 

SittZ11ilm hntri% E 0.24 0.77 0.08 3.01 1.89 
Bottlebrush w 0.12 0.62 0.04 1.82 1.22 
squirn:ltail 

s 0.22 1.12 0.14 5.00 3.06 
N 0 0 0 0 0 
AYcraae 0.15 0.07 1.54 

FORBS 
AnmrisiiJ ctln'Uthii E 7.34 23.40 0.98 36.84 30.12 
Carruth wormwood w 7.92 41.20 0.80 36.36 38.79 

s 4.16 21.25 0.62 22.14 21.70 
N 4.02 25.70 0.92 37.40 31.55 
AnraRC 5.86 0.83 30.S4 

AnmrisiiJ E 0.64 2.04 0.08 3.01 2.52 
tirtZCfl1lnlifl1 

False wruon w 0.64 3.33 0.10 4.55 3.94 
s 0.44 2.25 0.08 2.86 2.55 
N 0 0 0 0 0 
AYcraae 0.43 0.07 2.25 
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Table J-1 (conL) 
SPECIES TRANSECT COVER(%) RELATIVE FREQUENCY RELATIVE DOMINANCE 

COVER FREQUENCY INDEX 
FORBS 
Blllna Jissma E 0 0 0 0 0 
Wild w 0 0 0 0 0 
chrvsanthemum 

s 1.10 0.51 0.02 0.71 0.61 
N 0 0 0 0 0 
Averatte 0.28 0.01 0.15 

Ctuti/Jria i11t~trt1 E 0.02 0.06 0.02 0.75 0.41 
Indian paintbrush w 0 0 0 0 0 

s 0 0 0 0 0 
N 0.10 0.64 0.02 0.81 0.73 
Anratte 0.03 0.01 0.29 

ChmopoJjrmr sop. E 0.04 0.13 0.04 1.50 0.82 
Lamb's quarters w 0 0 0 0 0 

s 0 0 0 0 0 
N 0 0 0 0 0 
Avcrat:c 0.01 0.01 0.21 

Chr-,sopsis foliosa E 0 0 0 0 0 
Leafy 20lden aster w 0.24 1.25 0.06 27.73 1.99 

s 1.12 5.72 0.16 5.71 5.72 
N 0 0 0 0 0 
Avcrat:e 0.34 0.06 1.93 

Erivwtm spp. E 0.14 0.45 0.16 2.26 1.35 
Fleabane daisv w 0 0 0 0 0 

s 0.10 0.41 0.02 0.77 0.59 
N 0 0 0 0 0 
Avcraae 0.06 o.os 0.49 

E_~011um sop. E 0.10 0.32 0.02 0.75 0.54 
Buckwheat w 0 0 0 0 0 

s 0 0 0 0 0 
N 0.44 2.81 0.20 8.13 5.47 
Avcrat:e 0.14 0.06 1.50 

GWlrtl spp. E 0.08 0.26 0.08 3.01 1.63 
Scarlet bee blossom w 0 0 0 0 0 

s 0.24 1.23 0.08 2.86 2.04 
N 0.02 0.13 0.02 0.81 0.47 
Avcrat:e 0.09 0.05 1.04 

Guu"t:tifl stlrothrfl~ E 1.00 3.19 0.14 5.26 4.23 
Snakewced w 1.02 5.31 0.12 5.46 5.38 

s 1.18 6.03 0.18 6.43 6.23 
N 0.30 1.92 0.06 2.44 2.18 
Avcrat:e 0.88 0.13 4.51 

HJ"Imtnf]S E 0.14 0.44 0.06 2.26 1.35 
ri~hartiso11ii 

Pin ~tile w 1.80 9.37 0.30 13.64 11.50 
s 3.48 17.77 0.42 15.00 16.39 
N 2.30 14.71 .026 15.57 12.64 
Avcrat:e 1.93 0.20 10.47 

}fymnu~pappw SOD. E 0.12 0.38 0.04 1.50 0.94 
White rapcccl w 0 0 0 0 0 

s 0.04 0.20 0.04 1.43 0.82 
N 0 0 0 0 0 
Avcrat:e 0.04 ·0.02 0.44 
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Table T-1 (conr.) 
SPECIES TRANSECT COVER(%) RELATIVE FREQUENCY RELATIVE DOMINANCE 

COVER FREQUENCY INDEX 
FORBS 
Mtlilotru spp. E 0 0 0 0 0 
s~rdover w 0 0 0 0 0 

s 0.20 1.02 0.04 1.43 1.23 
N 0 0 0 0 0 
Averu:e 0.05 0.01 0.31 

Li1111mSVD. E 0.02 0.06 0.02 0.75 0.41 
Flax w 0.02 0.10 0.02 0.91 0.51 

s 0.08 0.41 0.08 2.86 1.63 
N 0 0 0 0 0 
Avera~:e 0.03 0.03 0.64 

Lithospmnum E 0 0 0 0 0 
mvlliflor~~m 

Puccoon w 0 0 0 0 0 
s 0.10 0.51 0.02 0.71 0.61 
N 0 0 0 0 0 
Ann~_ 0.03 0.01 0.15 

OnhDt:llrpus spp. E 0.02 0.06 0.02 0.75 0.41 
Owl-clover w 0 0 0 0 0 

s 0 0 0 0 0 
N 0 0 0 0 0 
AYera~:e 0.01 0.01 0.10 

Pmsrmum spp. E 0.02 0.06 0.02 0.75 0.41 
BeardtonEUe w 0.02 0.10 0.02 0.91 0.51 

s 0.20 1.02 0.04 1.43 1.23 
N 0 0 0 0 0 
Avera~~:e 0.06 0.02 0.54 

Pl4nt41f1 punhii E 0.06 0.19 0.1)6 2.26 1.22 
Woollv Indian wheat w 0 0 0 0 0 

s 0 0 0 0 0 
N 0 0 0 0 0 
AveraRe 0.02 0.02 0.31 

Thrksp""'ll E 0 0 0 0 0 
trifitium 
Green thread w 0 0 0 0 0 

s 0.02 0.10 0.02 0.71 0.41 
N 0 0 0 0 0 
Avera~re 0.01 0.01 0.10 

StttJhlltllm'ln'ill spp. E 0 0 0 0 0 
Skeletonweed w 0 0 0 0 0 

s 0.10 0.51 0.02 0.71 0.61 
N 0 0 0 0 0 
Avera21: 0.03 0.01 0.15 

SHRUBS/TREES 
Jrmipnws E 0 0 0 0 0 
mtmDIP_tmfll 
One-seed juniper w 0 0 0 0 0 

s 0 0 0 0 0 
N O.o2 0.03 0.02 0.81 0.47 
A venae 0.01 0.01 0.12 

SHRUBS/TREES 
Owmu ~brlii E 10.00 31.87 0.10 3.76 17.81 
Gambcl oak w 0 0 0 0 0 

s 0.10 0.51 0.02 0.71 0.61 
N 1.00 6.39 O.o2 1.33 5.50 
Averatte 2.78 0.04 5.98 

Ro~ wDDtisii E 0 0 0 0 0 
Wild rose w 0 0 0 0 0 

s 0.72 6.68 0.10 3.57 5.62 
N 0 0 0 0 0 
Avera~:e 0.18 0.03 1.41 
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Table J-2. Ph ia.l data taken in 1993 for Field 7 (Monrova Fidd) .bY mnsect. 
SPECIES TRANSECT COVER(%) RELATIVE FREQUENCY RELATIVE DOMINANCE 

COVER FREQUENCY INDEX 
GRAMINEAE 
GRAMINOIDES 
.APt~,., SDD. E 1.0 254 0.1 4.46 3.5 
Whcamass w 0 0 0 0 0 

Avera~ 0.5 0.05 1.75 
.AJUiroiiiU E 0 0 0 0 0 
s'fltmtritnt.Lis 
Rock jasmine w 0.10 0.54 0.02 1.10 0.82 

Avera2e 0.05 0.01 0.41 
.AriniiU /s,risn4 E 0 0 0 0 0 
Three-awn w 1.3 0.99 0.08 4.4 5.69 

Avera2e 0.65 0.04 285 
Bn~/tnu, ~ E 5.8 14.72 0.22 9.82 1227 
Blue £fama w 5.1 27.4 0.3 16.48 21.94 

Averae:e 5.45 0.26 17.11 
Mflhlntb"filt E 124 31.47 0.28 125 2298 
mlmt111UI 

Moun cain muhlv w 0.30 1.61 0.14 22 1.9 
Averae:e 6.35 0.21 11.94 

Puf_mtikri E 1.9 4.82 0.10 4.46 4.64 
Blut!2T2SS w 0 0 0 0 0 

Avera~ 0.95 0.05 232 
Sn4rill IJl. E 0.5 1.27 0.02 0.89 1.08 
Brisdqrass w 0 0 0 0 0 

Ave~ 0.25 0.01 0.54 
Sim,itnt bprix E 0 0 0 0 0 
Bottlebrush w 0.10 0.54 0.02 1.1 0.82 
m_uirreltail 

A~ 0.05 0.01 0.41 
E/pmu anuJmsis E 0 0 0 0 0 
Canadian wildrve w 0.10 0.54 0.02 1.1 0.82 

Averae:e 0.05 0.01 0.41 
FORBS 
.tf,tm1Uirill E 0 0 0 0 0 
P•rvifoli• 
Pussymcs w 0.20 1.07 0.02 1.1 0 

Average 0.10 O.oi 0 
.Artmrisi.z c•1'1'flthii E 2.9 7.36 0.4 17.86 12.61 
Carruth wormwood w 1.2 6.47 0.22 12.09 9.28 

Avera2e 2.05 0.31 10.95 
Ch,.,sopril folios• E 0.20 0.51 0.02 0.89 0.70 
l..eafv !!:olden aster w 0 0 0 0 0 

Avera~ 0.10 0.01 0.35 
Ch7-,sopsis viUos• E 1.0 254 0.12 5.36 3.95 
Golden aster w 0.20 1.07 0.04 22 1.64 

Avera2e 0.60 0.08 28 
Eri~""" tiiwrrms E 0.30 0.76 0.02 0.89 0.83 
Fleabane daisy w 0.20 1.07 0.06 3.3 219 

Avera2e 0.25 0.04 1.51 
GriJUirlw E 0 0 0 0 0 

"'"""lll:tis 
Gumweed w 0.40 2.15 0.02 1.1 1.62 

Avera2e 0.20 0.01 0.81 
G11tinr~ E 0.5 1.27 0.02 0.89 1.08 
st~rothr•r 

Snakcweed w 1.6 8.6 0.14 7.69 8.14 
Avera~ 1.05 0.08 4.61 

Frt~NnW IDD. E 0.40 1.02 0.06 2.68 1.85 
Ra£Weed w 0 0.01 0.02 1.10 0.55 

A~ 0.20 0.04 1.20 
HriU.rttinu E 1.0 254 0.02 0.89 1.72 
prtiol.ris 
Prairie sunflower w 0 0 0 0 0 

AYl!ra2e 0.50 0.01 0.86 
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Table J-2 (cont.) 
SPECIES TRANSECf COVER(%) RELATIVE FREQUENCY RELATIVE DOMINANCE 

COVER FREQUENCY INDEX 
FORBS 
Hymmt»t:JS E 0 0 0 0 0 
ri~htmistmii 

Pimtiic w 3.2 17.21 0.40 21.98 19.59 
Averare 1.6 0.20 9.8 

I}Hmfopsis ll"'"IIIA E 0.1 0.25 0.02 0.89 0.57 
Scarlet trumi)Ct w 1.60 8.61 0.18 9.89 9.25 

Averare 0.85 0.10 4.91 
Mtlilotru tUJnu E 1.0 2.54 0.10 4.46 3.50 
White sweet clover w 1.3 6.99 0.12 6.59 6.79 

Averai!C 1.15 0.11 5.15 
M,/ilotru of/irin.lis E 0.3 0.76 0.02 0.89 0.83 
Yellow sweet clover w 0 0 0 0 0 

Averai!C 0.15 0.01 0.42 
Mtulotru sop. E 0.3 0.77 0.06 2.68 1.72 
Sweet clover w 0 0 0 0 0 

Averai!C 0.15 0.03 0.86 
Unllm E 0.1 0.25 0.02 0.89 0.57 
trn~m~trMm 

New Mexico flu w 0 0 0 0 0 
Averai!C 0.05 0.01 0.29 

SDbm~~m sop. E 0.4 1.02 0.04 1.8 1.4 
Ni~thtshade w 0 0 0 0 0 

Avcra2C 0.2 0.02 0.7 
Thtitsptrmll E 0.30 0.76 0.04 1.79 1.27 
trifUium 
Green thread w 0 0 0 0 0 

Averuc 0.15 0.02 0.63 
TllriiJC~m E 0.3 0.76 0.02 0.89 0.83 
offinnllk 
Common dandelion w 0 0 0 0 0 

Averai!C 0.15 0.38 0.01 0.45 0.42 
V n-bill'amr thtlpnu E 0.2 0.51 0.04 1.79 1.15 
Mullein w 0 0 0 0 0 

Avcr:li!C 0.1 0.02 0.58 
Unknown 1 E 2.5 6.34 0.10 4.46 5.40 

w. 0 0 0 0 0 
Avcl'lli!C 1.25 0.05 2.7 

Unknown2 E 0.40 1.02 0.06 2.68 1.85 
w 0 0 0 0 0 
Avcl'lli!C 0.20 0.03 0.92 

Unknown3 E 0.70 1.78 0.02 0.89 1.33 
w 0 0 0 0 0 
Avcl'llste 0.35 0.01 0.67 

Unknown 5 E 0.30 0.76 0.02 0.89 0.83 
w 0 0 0 0 0 
Avel'll!!:C 0.15 0.01 0.42 

Unknown 7 E 0.10 0.25 0.02 0.89 0.57 
w 0 0 0 0 0 
Ave~ 0.05 0.01 0.29 

UnknownS E 2.7 6.85 0.14 6.25 6.55 
w 0 0 0 0 0 
Averaste 1.35 0.07 3.28 

Unknown9 E 0 0 0 0 0.82 
w 0.10 0.54 0.02 1.10 0 
Avcr:li!C 0.05 0.01 0.41 
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AppendixK. 

Table K-1. Phvtosoeiological data taken in 1982 for Field 8 Montova v Gomez Field). 
SPECIES FIELD COVER{%) RELATIVE FREQUENCY RELATIVE DOMINANCE 

COVER FRE_Q_UENCY INDEX 
GRAMINEAE 
GRAMINOIDES 
Afll'ostis soo. E 0 0 0 0 0 
Redtoo w 0 0 0 0 0 

s 6.60 26.89 0.20 7.69 17.29 
N 0 0 0 0 0 
Averaee us o.os 4.32 

AndroDOflon soo. E 0 0 0 0 0 
Wheatmss w 0 0 0 0 0 

s 0 0 0 0 0 
N 0.30 2.11 0.02 1.06 1.58 
Averaee 0.08 0.01 0.40 

Aristida barbatus E 0 0 0 0 0 
Poveriv three-awn w 0.40 1.92 0.06 1.84 1.88 

s 0 0 0 0 0 
N 0 0 0 0 0 
Averaee 0.10 0.48 0.02 0.46 0.47 

Bouteloua r;rracilis E 3.80 17.75 0.18 8.25 13.00 
Bluemma w 1.22 5.85 0.10 3.06 4.46 

s 0.20 0.81 0.02 0.77 0.79 
N 5.26 31.09 0.52 27.66 32.37 
A\'ft'll!le 2.62 0.21 12.66 

Muh/enberrtia montana E 0 0 0 0 0 
Mountain muhlv w 0 0 0 0 0 

s 0 0 0 0 0 
N 0.10 0.71 0.02 1.06 0.88 
Averat~r 0.03 0.01 0.22 

Sitanion hvstri:r E 0.04 0.16 0.04 1.83 1.01 
Bottlebrush sauirreltail w 0.33 1.58 0.26 7.97 4.78 

s 0.12 0.51 0.08 2.31 1.40 
N 0.02 0.14 0.02 1.06 0.60 
Averaee 0.13 0.10 1.9S 

Soorobolus soo. E 0.02 0.09 o.oz 0.92 0.51 
w 0.18 0.88 0.14 4.29 2.59 
s 0.12 O . .Sl 0.18 3.08 1.79 
N 0 0 0 0 0 
A\"en~Jl!e 0.08 0.09 1.22 

FORBS 
Artemisia carruthii E 10.16 47.42 0.84 38 . .53 43.98 
Carruth wonnwood w 7.52 36.06 0.66 20.24 28.16 

s 9.12 37.1.5 0.70 29.92 32.04 
N 1.46 10.31 0.24 12.77 1l.S4 
Averaee 7.06 0.61 28.93 

Artemisia dracuncu/us E 3.62 16.89 0.32 14.68 15.79 
False tanaeon w 1.44 6.91 0.16 4.91 5.91 

s 2.26 9.22 0.26 10.00 9.61 
N 0 0 0 0 0 
Averaee 1.83 0.19 7.83 

Chrvsoosis foliosa E 0.24 1.13 0.10 4 . .59 2.86 
Leafv JWiden aster w 4.07 19.50 0.58 17.79 18.64 

s 1.09 4.22 0.38 14.62 9.52 
N 2.14 l.S.ll 0.22 11.70 13.40 
Averqe 1.89 0.32 11.11 

Eri!luon fla!lellaris E 0.45 2.08 0.18 8.26 5.17 
Soeadiru! fleabane w 1.08 5.19 0.22 6.75 5.97 

s 0.69 2.81 0.24 9.23 6.02 
N 0.83 5.84 0.30 15.96 10.90 
Averase 0.76 0.24 7.02 

Guarasoo. E 0.002 0.01 0.02 0.92 0.46 
Scarlet bee blossom w 0 0 0 0 0 

s 0 0 0 0 0 
N 0 0 0 0 0 
Averlll!le 0.001 0.01 0.12 
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TableK-1 (cont.) 
SPECIES FIELD COVER(%) RELATIVE FREQUENCY RELATIVE DOMINANCE 

COVER FREQUENCY INDEX 
FORBS 
Gutei"'Wia sarothrat! E 1.20 5.60 0.02 0.92 0.46 
Snakeweed w 0 0 0 0 0 

s 0 0 0 0 0 
N 1.32 9.31 0.10 5.32 7.31 
Avenee 0.63 0.03 1.94 

Ht!lianthus annus E 0 0 0 0 0 
Common SUDflower w 0 0 0 0 0 

s 0.10 0.41 0.02 0.77 0.59 
N 0 0 0 0 0 
Avenee 0.03 0.01 o.IS 

HvmmopapTJUs spp. E 0 0 0 0 0 
White ragweed w 0.004 0.02 0.04 1.23 0.62 

s 0 0 0 0 0 
N 0 0 0 0 0 
A "Yei"IIS!!Ie 0.001 0.01 0.16 

Hvmmorvs richordsonii E 0.64 2.98 0.10 4.59 3.79 
Pingiie w 2.54 12.18 0.16 4.91 8.54 

s 1.90 7.74 0.14 5.39 6.56 
N 1.50 10.57 0.06 3.19 6.88 
A verne us 0.12 6.44 

Lf!pidium _S'fJf!. E 0 0 0 0 0 
p w 0.004 0.02 0.04 1.23 0.62 

s 0 0 0 0 0 
N 0 0 0 0 0 
Avenl!le 0.001 0.01 0.16 

Liatri:r ounctata E 0 0 0 0 0 
Gavfe:atm w 0 0 0 0 0 

s 0 0 0 0 0 
N 0.02 0.14 O.o2 1.06 0.60 
Averaee_ 0.01 0.01 o.ts 

Linum spp. E 0.002 0.01 0.02 0.92 0.46 
Flax w 0.004 0.02 0.04 1.23 0.62 

s 0.10 0.41 0.02 0.77 0.59 
N 0.002 0.01 0.02 1.06 0.54 
Averaee 0.03 0.03 o.ss 

Mt!ntze/ia oumi/a E 0 0 0 0 0 
Sticklc:af w 0.02 0.61 0.02 0.61 0.36 

s 0 0 0 0 0 
N 0 0 0 0 0 
Avenee 0.01 0.01 0.09 

Oenotht!ra soo. E 0.15 3.50 0.32 14.68 9.09 
Evening Drimrose w 1.58 7.57 0.56 17.18 12.37 

s 0.61 2.49 0.32 12.31 7.40 
N 0.40 2.85 0.20 10.64 6.74 
Averal!le 0.84 O.JS 8.90 

Pntstt!mon soo. E 0 0 0 0 0 
Beardtongue w 0 0 0 0 0 

s 0 0 0 0 0 
N 0.002 0.01 0.02 1.06 0.54 
A~ 0.001 0.01 0.14 

Sa/sola koli E 0 0 0 0 0 
Russian thistle w 0 0 0 0 0 

s 0.002 0.01 0.02 0.77 0.39 
N 0 0 0 0 0 
Averase 0.001 0.01 0.10 

Tht!lt!STJerma trifidum E 0 0 0 0 0 
G~ w 0 0 0 0 0 

s 0.02 0.08 0.02 0.77 0.43 
N 0 0 0 0 0 
Averase 0.01 0.01 0.11 
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TableK-1 Ccont.l 
SPECIES FIELD COVER ('!/•) RELATIVE FREQUENCY RELATIVE DOMINANCE 

COVER FREQUENCY INDEX 
FORBS 
TrQfloDOflOn dubius E 0 0 0 0 0 
Goalsbeard w 0.02 O.oi 0.02 0.61 0.36 

s 0 0 0 0 0 
N 0 0 0 0 0 
Averaee 0.01 0.01 0.09 

Verbascum thapsus E 0 0 0 0 0 
Mullein w 0 0 0 0 0 

s 0.20 0.82 0.02 0.77 0.79 
N 0 0 0 0 0 
Averaee 0.05 0.01 0.20 

Vicia americana E 0 0 0 0 0 
American vetch w 0.04 0.17 0.18 5.52 2.85 

s 0.006 0.02 0.06 2.31 1.17 
N 0.002 0.01 0.02 1.06 0.54 
Averaee 0.01 0.07 1.14 

Yucca DnflUSlissima. E 0 0 0 0 0 
Nanowleaf vu;x:a w 0 0 0 0 0 

s 0 0 0 0 0 
N 0.52 3.67 0.04 2.13 2.90 
Averase 0.13 0.01 0.73 

Table K-2. Pbvtosociological data taken in 1993 for Field 8 (Montova v Oomez Field). 
SPECIES FIELD COVER(%) RELATIVE FREQUENCY RELATIVE IMPORTANCE 
GRAMINEAE 
Boute/oua ~aci/is E 13.40 34.41 0.56 16.97 25.69 
Bluegnuna w 6.98 13.98 0.22 7.38 10.68 

Avn'll2e 10.19 0.39 18.19 
Bleohaneuron trlcho/eTJis E 0.20 0.51 0.02 0.61 0.56 
Pine dropseed w 0 0 0 0 0 

A~ 0.10 0.01 0.28 
Muhlenhef'1(ia montana E 1.92 4.93 0.18 5.45 5.19 
Mountain muhlv w 16.50 33.05 0.54 18.12 25.590 

Ava'112e 9.21 0.36 15.39 
Schizochvrium scoTJOrius E 0 0 0 0 0 
Little bluestem w 1.20 2.40 0.06 2.01 2.21 

Averat!e 0.60 0.03 1.11 
Sitanion hvstrt:t E 0.98 2 . .52 0.14 4.24 3.38 
BonJebrush squtrreltail w 0 0 0 0 0 

Averase 0.49 0.07 1.69 
STJOrobo/us crvrJtandrus E 0.30 0.77 0.04 1.21 0.99 
Sand dropseed w 0.10 0.20 0.02 0.67 0.44 

Averase 0.20 0.03 0.71 
FORBS 
Artemisia carruthii E 6.14 15.77 0.62 18.79 17.28 
Carruth wormwood w 2.74 5.49 0.42 14.09 9.79 

A verase 4.44 0.52 13.54 
Artemisia dracunculus E 1.52 3.90 0.16 4.85 4.38 
False 131lagon w 1.10 2.20 0.12 4.03 3.12 

Averase 1.31 0.14 3.75 
Artemisia tridentata E 2.20 5.65 0.22 6.67 6.16 
Big sagebrush w 0.10 0.20 0.02 0.67 0.44 

Ava'112e 1.60 0.12 3.30 
Bahia dissecta E 0.30 0.77 0.04 1.21 0.99 
Wild chrvsam11emum w 0.20 0.40 0.04 1.34 0.87 

Averaee 0.25 0.04 0.93 
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Table K-2 tcont. l 
SPECIES FIELD COVER7~l RELATIVE FREOUENCY RELATIVE IMPORTANCE 
FORB 
Chrvsoosis foliosa E 4.02 10.32 0.42 12.73 ll..S3 
Leafv £Olden aster w 5.20 10.42 0.40 13.42 11.92 

Awrue 4.61 0.41 U.73 
Convza canadensis E 
Horseweed w 0.10 0.20 0.02 0.67 0.44 

A~ o.os 0.01 0.22 
&i1teron diwf'f!ens E 0.40 1.03 0.04 1.21 1.12 
Fleabane daisv w 0 0 0 0 0 

A venae 0.20 0.02 O.S6 
&jgeron nQfle/laris E 5.30 13.61 O.S4 16.36 14.99 

Soreadin£ fleabane w 10.50 21.03 0.62 20.81 20.92 
AWI'Ift 7.90 o.ss 17.96 

Grindelia adranactis E 0 0 0 0 0 

Gumwecd w 0.10 0.20 0.02 0.67 0.44 
AWI'Ift o.os 0.01 0.22 

Hvmenorvs richardsonii E 1.42 3.65 0.14 4.24 3.94 
Pin me w 0.~0 1.00 0.10 3.36 2.18 

AW1'112't 0.96 0.12 3.06 
Liatris ounctatus E 0 0 0 0 0 
Gavfealla' w 0.20 0.40 0.02 0.67 0.54 

Avent2e 0.10 0.01 0.27 
Lotus wriflhtii E 0 0 0 0 0 
Deetvetch w 1.60 3.21 0.08 2.68 2.94 

A~ 0.80 0.04 1.47 
Meli/otus SOD. E 0 0 0 0 0 
Sweet clover w 0.20 0.40 0.04 1.34 0.87 

Avm~!!e 0.10 0.02 0.44 
Penstemon SOD. E 0 0 0 0 0 
Bealdlor1211e w 0.10 ·0.20 0.02 0.67 0.44 

AVen!!e o.os 0.01 0.22 
Potentilla SOD. E 0 0 0 0 0 
CiiiQUefoil w 0.~0 1.0 0.06 2.01 l.SI 

Avent2e 0.2S 0.03 0.76 
Potentilla fruticosa E 0 0 0 0 0 
Shrubbv ootentilla w 0.20 0.40 0.02 0.67 O.S4 

Avmll!.'f 0.10 0.01 0.27 
Thelesptrma trifldum E 0.10 0.26 0.02 0.61 0.43 
Greeudacad w 0 0 0 0 0 

AW1'112't o.os 0.01 0.22 
Vicia americana E 0.74 1.90 0.16 4.8~ 3.37 
Amcncan vetch w 1.20 2.40 0.12 4.03 3.22 

Avrnft 0.97 0.14 3.30 
Verbascum thaosus E 0 0 0 0 0 
Mullein w 0.60 1.20 0.02 0.67 0.94 

Averllft 0.30 0.01 0.47 
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AppendixL 

T bl L- B I c:a1 fo a e 1. io oRic in nnation about cenam speaes. 
lnfonnarion Species 

AGSM' AGDE s_csc ARCA ARDR ARLU BOOR BRIE 
I Oriltin native mtroduced native nanve nanve nanvc native mtroduced 
Habit grass grass JU'ISS forb forb torb _grass grass 

! Lifecvcle pcn:nnial pcn:nrual pcreruual annual 
Reoroduction vcg/seed seed velr./seed seed Velr./secd veglsccd - seed 

!carbon C3° C3 C4 C3 - w l.:4 C3 
dioxide 
Habitat dry/moist dry/moist drv drv dry dry drv 
Mvcorririzal cndomv. cndom_y. endomv. 
Nodule no - no - - reponed no no 
fonnine: 

I Nitrogen DO - no - - yes no DO 
fixin2 
Edible yes yes 
Weecimess non weedy colomzme nonweeay non weedy non weedy nonweedv nonwecdy_ economic 

I Potential medium high medium medium medium low low 
biomass high medium 

t medium flow medium low flow medium jOW 

medium hi~ medium hi~ 
!Seed 
availabilitv 

I Roonng 
deoths 
L AGSM =Agropyron smithii (weslCill whcatgrass). A< iDE • Agropyron auenorum (Russian wheatgrass), S< :sc = ~chizach ~rium 
scoparius (little bluestem), ARCA = A.nonisia carruthii (Carruth wonnwood), ARDR =Artemisia draamculs (false mmgoD), ARLU = 
A.nemisia ludoviciana (Louisiana wormwood), BOOR= BouuloUIJ gracilis (blue grama), BR1E = Bromus tecrorum (chcatgrass), and 
<liFO = Chrysopsis foliosa (leafy golden aster). 
b. C3 "'The plant uses a pathway where the fim step in ce>1fixatioo involves the formation of tlwe-carbon compounds. the stomata are 
opened, and CQ2 fixation is in the daylighL C4 • The plant uses a pathway where the f1I1t step in COZfixation involves the formation of 
four-carbon compounds, the stomata are opened. and CQ2 fixation is in the daylight 

!Information :ipecics 
ERDI' ERFI I uU:SA HASP ttnu Lil'U LUCA ·Mt:J\. MUMO 

I Oriltin native native native native native native nanve introduced nanve 
I Habit I forb I forb shrub tOrb forb 1 forb I forb __!orb mss 
I Ute cycle biennial pcmmiall perennial pc!Cnnial perennial perennial pcrcnniai annual perennial 

biennial 
non seed vee;./sced seed seed seed vegJ:secd seed ~. seed 

1 Carbon 
dioxide 

I C3" C3 (.;j C3 fl.:J 

I Hab1tat dry dry I dry drV dry I dry ary drvtmoist drv/mOlSl 
I Mvcorrtn:za1 endomy. 
I Nodule possible rccoroca 
fonnine 
Nitrogen maybe yes 
fixine: 
Edible 
Weediness non weedy non weedy econormc nonwcedv non weedy nonwecdy non weedy_ colonizme nonwecdv 
Polcntial medium !OW low medium high medium 
biomass low 
Establishment low low medium mCOlum low I lOW 

low medium medium 
Seed 
availabilitv 

=~g 

L ERDI = Erigeron divergens (fleabane daJSy ), ERFL ...: ~ igeronjlage laris (trailing tleaDane}, uU;:;A = vutie"nltl sarothrae 
(snakewecd), HASP .. Haplopoppus spitwlosus (spiny goldcnwecd), HYRI = Hymenoxis ricluzrdsonn (pingiie), UPU = Liatris 
punctaltl (doned gayfeather), LUCA =Lupinus caudalus Oupinc), MEX = Melilotus spp. (sweet clover), and MUMO = Muhlenbergia 
montona (mountain muhly). · 
b. C3 =The plant uses a pathway whc!e the fll'St step in COZfixation involves the formation of three-carbon compounds, the stomata are 
opened. and COZ fixation is in the daylight 
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Table L 1 (cant ) . 
JJUormanon Spectes 

OCUJ" SPCR VElH. YUAN 
I Origin nanw: nanw: mtroducea native 
!Habit foro grass forb snrub 
Life cycle i l)e!Cnnial pemmial biennial l)e!Cnnial 

1 Reproducuon seed seed seed 
carbon (.;j' C4 C3 
dioxide 
Habitat drY drY dry/mOISI dry 

1 Nod&lle 
formin£ 
Niuogen 
fixin£ 
.t:atble 
Weediness nonweedv nonweedv colonizmg non weedy 
POICDiial low mccnum mCIOlum high 
biomass 

1 Eslablishment lOW medium low medium 
medium low medium 

! s:'famr a ltv 
Rooting 
deoths 
a. U.t:.l.:U • Oenothera coronopijoua (evcnmg pnmrosc}, SPl.:R • ~porobuius cryprandrus (sand dro seed), VETH = ~'erbascum 
111/Jpsus (mullein), and YUAN • Yucca angustissima (narrowlcafyucca). p 
b. C3 = The plant uses a pathway where the fust step in W fiXation involves the formation of three-carbon compounds, the stomata arc 
opened. and W fixation is in the dayligbL C4 =The plant uses a pathway where the fiJ'St S!Cp in Cd fixation involves the formation of 
four-carbon compounds, the stomata arc opened, and CCJl fJXBtion is in the daylighL 
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AppendixM. List of Common and Scientific Names 

Common Name Scientific Name Common Name Scienufic Name 

American vetch Vicia americana Mountain muhly Muhlenbergia montana 
Apache plume Fallugia paradoxa Mullein Verbascum thapsus 
Aster Asterspp. Narrow leaf yucca Yucca angustissima 
Beard tongue Penstemon spp. New Mexico flax Linum neomexicanum 
Bermuda grass Cynodon dactylon Nightshade Solanum spp. 
Big sagebrush Artemisia tridentata Nodding buckwheat Eriogonum cemuum 
Blackgrama Bouteloua eriopoda One-seed juniper Juniperus monosperma 
Blazing star Mentzelia spp. Owl-clover Orthocarpus spp. 
Blue gilia Ipomopsis longijlora Peppergrass Lepidium spp. 
Blue grama Bouteloua gracilis Pincushion cactus Coryphantha vivipara 
Bluegrass Poa fendleriana Pine dropseed Blepharoneuron tricholepis 
Bottlebrush squineltail Sitanion hystrix Pingiie Hymenoxys richardsonii 
Bristle grass Setaria spp. Ponderosa pine Pinus ponderosa 
Brame Bromus spp. Ponymint Monarda pectinata 
Buckwheat Eriogonum spp. Poverty three-awn Aristida divaricata 
Canadian wildrye Elymus canadensis Prairie clover Petalostemum spp. 
Carruth wormwood Artemisia carruthii Prairie sunflower Helianthus petiolaris 
Chamisa Chrysothamnus nauseosus Prickly pear cactus Opuntia spp. 
Cheat grass Bromus tectorum Puccoon Lithospermum multijlorum 
Cinquefoil Potentilla spp. Pussytoes Antennaria parvifolia 
Common sunflower Helianthus annuus Ragweed Franseria spp. 
Dandelion Taraxicum officinale Redtop Agrostis spp. 
Deervetch Lotus wrightii Ringmuhly Muhlenbergia torreyi 
Desert four o'clock Oxybaphus linearis Rock-jasmine Androsace septentrionalis 
Drop seed Sporobolus spp. Russian thistle Salsola kali 
Estafiata Artemisia frigida Russian wheatgrass Agropyron desertorum 
Evening primrose Oenothera spp. Sand dropseed Sporobolus cryptandrus 
False buffalo grass Munroa squarrosa Scarlet bee blossom Guara spp. 
False tarragon Artemisia dracunculus Scarlet bugler Penstemon barbatus 
Fendler's rose Rosa fmdleri Scarlet trumpet lpomopsis aggregata 
Fetid marigold Pectis angustifolia Sedge Carexspp. 
Wild chrysanthemum Bahia dissecta Shepherd's purse Capsella bursa-pastoris 
Firewheel Gaillardia pulchella Shrubby potentilla Potentilla fruticosa 
Flax Linum spp. Smartweed Polygonum spp. 
Fleabane daisy Erigeron divergens Skeleton weed Stephanomeria spp. 
Gambeloak Quercus gambelii Snake weed Gutierrezia sarothrae 
Gayfeather Liatris punctata Spiny goldenweed Haplopappus spinulosus 
Globemallow Sphaeralcea spp. Spreading fleabane Erigeron jlagellaris 
Goats beard Tragopogon dubius Stickleaf Mentzelia pumila 
Golden aster Chrysopsis villosa Stickseed Lappula spp. 
Goldeneye Viguiera spp. Sweetclover Melilotus spp. 
Green thread Thelesperma trifidum Tansey mustard Descurainia spp. 
Gum weed Grindelia aphanactis Three-awn Aristida longiseta 
Horseweed Conyza canadensis Walkingstick cactus Opuntia imbricata 
Indian grass Sorgastrum nutans .Western wheatgrass Agropyron smithii 
Indian paintbrush Castilleja integra Wheat grass Agropyron spp. 
Hidden flower Cryptantha jamesii White ragweed Hymenopappus spp. 
Lamb's quarters Chenopodium spp. White sweetclover Melilotus albus 
Leafy golden aster Chrysopsis foliosa Wild chysanthemum Bahia dissecta 
Little bluestem Schizachyrium scoparium Witchgrass Pan; cum capillare 
Lupine Lupinus caudatus Wolftail Lycr!s phleoides 
Longleaf butterweed Senecio longilobus Woolly Indian wheat Plamago purshii 
Milkvetch Astragalus spp. Yellow sweetclover Meliiotus officinalis 
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