8
e

# 7&&&)’

PIN A RCINNIE

LA-13350

P9

3(}\{

Old-Field Plant Succession on the
Pajarito Plateau

v et

A
«.‘i‘*yg‘}i};m,
S e
R ot

- Mot i wd

ML o
bty > of

Los Alamos -

NATIONAL LABODRATORY
Lom Alarwion Natwmal Laboratory o opevated by the Drmtvraty of Caldorms tor the Unztad St Dienaernont of Enevey inder comtract Wee 805 ENG-3n,

—~ o~

A O | Ansened by SRAPF |
14768 g JuL 12 2} a1 i
{
z |




Los Alamos [l et Facuey

i | LOSALAMOS NATIONAL LABORATORY
it " ENVIRONMENTAL RESTORATION
. Aghiii i) ' Records Processing Faality
+ ERRecora LD 70001 ER Records Index Form

ERIDNO. 70061  Date Received: 7/12/01 Processor: DSV Page Count 119

Privileped: (¥/N) N Record Category: P

FileFolder: N/A

 Correction: (F/N) X Corrected No. 0 Corrected By Number: 0

* Administrative Record: (Y/N) Y
Refilmed: (¥/\) N Old ERID Number: 0 New ERID Number= ¢

-+ Miscellaneous Comments:

- N/A

THIS FORM IS SUBJECT TO CHANGE. CONTACT THE RPF FOR LATEST VERSION. (JUNE 1997)

o2 PAOMDIONT e W




Edited by Hector Hinojosa, Group CIC-1
HMustrared by L. Kim Nguyen Gunderson, Ecology Group (ESH-20)

Caver photos: Top, left 10 right; Archuleta homestead (1993),
Alamitos homestead (1982), and Gomez homestead (1996),
Bortom; a close-up shor of Archulera homestead (1982),
{Tierney and Foxx)

An Affirmative Action/Equal Oppormnity Emplaver

This reposet was prepured as an wecount of work spomared by an agency of the Uniaed Suates
Gavernment. Neither The Regents of the Umiversity of Califormi, the Umied States
Gavernment nor umy agency thereof, moruny of their emplavees, males anv warrunty, exprev
oramphed, or assumes uny leval Lubility or respomubility for the accwracy, completenews, or
wvefulness of amy infiormution, appuratis, prosduct, or pmoress disclimed, o represents that i
wse weild not ntringe privaitely esmned richis. Reference hereint 1o umy specific commer il
prenduct, nrocess, or service by Inde nume, trademard, monufacturer, or otherwise, does st
necessanly comtitule or imply its emdorement, recommendation, o fuvonng i The Regenrs
«f the University of Californ, the United Stdtes Gevernment, or unty doency therenf The
views uml aptaioms of anthors expressed herein Jo not neceusanly date o reflect thone of
The Regents of the Univervity of Califrmu, the United Stutes Government, of any ageney
therrof, Lars Alumon National Laboralory sStrongly supports acudemie freedom uml o
reseurcher's right to publish; ay um imtintion, hewever, the Laboraors does st emiborae the
viewprin] of u prblicdtion or guarantes its lechnical correctness,

TR RTEADS L AN IR EXN ¢ T N




LA-13350

A S 3 LT s WY 50 - R St~ Ty P L LR s PO
RO - M B . - ..

P g
-

y LT . .
. AT . g
.- .
- N T - .
(e .~ - o .
N ¢ T i L -

~yIfgt

-

reyrany

e R Lt ey e T
S ] e T " e Vo
DAL it Ky e il e AV s “Sa £ Y0P 1147 o s g b TS

Qld-Field Plant Succession on the
Pajartto Plateau

Los Alamos

NATIONAL LABORATORY

Lars Alumun Sutmal Labeeatory ss operated v the Umiveramy of Califormiu
Joor the United Mates Department of Energy under contraet W-2305-ENG- 3.




QOld-Field Plant Succession on the
Pajarito Plateau

Teralene Foxx
Gail Tierney
Mary Mullen
Mary Salisbury

Los Alamos

NAT;ONAL LABOCRATORY

L% Alahok, New Wewen 87944

LA-13350

uc-2000
Issued: September 1997

1) e O

”
-

WL I B Y A TH




CONTENTS

Preface

Abstract

1.0 Introduction

1.1 Literature Review

2.0 Location of Study

3.0 Hisrorical Background of the Pajarito Plateau
4,0 Description of Homestead Sites v

4.1 Field 1 (Archuleta/Alamitos Field) .....

4.2 Field 2 (Garcia Ficld)

4.3 Ficld 3 (Ekberg Ficld)

4.4 Field 4 (Chupaderos Field)..

4.5 Field 5 (Pumice Mine Ficld) .......

4.6 Field 6 (Scrna Ficld)

4.7 Ficld 7 (Montoya Ficld) ..o
4.8 Ficld 8 (Montoya y Gomez Ficld)

5

— Ny WV W) )

W =
TeEeIen =

5.0 Methodolgy
5.1 Historical Dara cueeecereessessserensssrnsssessess

5.2 Vegeration Data
5.2.1 Understory e

5.2.2 Qverstory

5.2.3 Species Dominance Indices

5.3 Soils

5.4 Statistical Analysis
6.0 Results

6.1 Vegetation Characteristics of Each Field
6.2 Analysis Between Ficlds (1982 Data)

6.3 Comparison of Species Composition on Two Ficlds Visited in 1982 and in 1993
6.4 Analysis between Years (1982 and 1993)

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

7.1 Total Percent Cover

7.2 Old FieldWaste Site Similanities and Differences

7.3 Comparison of Succession Species
7.4 Comparison of Importance Values

7.5 Comparison of the Presence of Artemisia

7.6 Comparison of Disturbed and Cleared Areas w:th Forcstcd Sucs

8.0 Comparison of Soils Characreristics

9.0 Conclusion and Discussion

References

Appendices

R

3R

45
45
45
45
45

21

-~
-

-

-

55
55
55
55
59
59
59
59
59
69

ARR-EIVAIS I B TRFXR N




LIST OF FIGURES

Figure 1. Old-field sites in and around Los Alamos Narional Laboratory on the Pajarite Plateau within
Los Alamos Counry, New Maxico

Figure 2. A 1912 map showing the arca of the Ramon Vigil Grant on the Pajarite Matcau eveeerr oo 6

&

Figure 3. Aerial photograph of Lo Alamos townsite taken in 1935 showing the extensive and arcas
used for drv-land farming, (National Archives and Record Service, Washingron, DC, Rio Grande

Series No. 1477). Saale is 1:4680. 8
Figure 4. Map showing all of the homesteads. Y
Figure 5. The condition of the two log houses on Archulera Field (Field 1) in {a) 1982 and (b) 1993,

and the main log house in (¢) 1996, 13
Figure 6. Bags of sced for planting and bales of hay for mulching purposcs as part of the experimental

work to be done on Archuleta Field (Field 1) in 1964, 15

Figure 7. Planting forage sced before mulching with hay on Archuleta Field (Field 1) in 1965 cvmeecee 15
Figure 8. Till-and-pack sced dnill firming seed bed after dusting on Archuleta Feld (Field 1) in 1964, i 16

Figure 9. Mulching with hay on Archuleta Field (Feld 1) in 1964, 16
Figure 10, Mountain mahogany (Cercocurpus montanus) sceds planted on Archuleta Field (Field 1)
in 1964, 17

Figure 11. The condirion of erosion gullies in Archuleta Field (Field 1) in (a) 1982 and (band ¢} 1993, .19
Figure 12. The condition of the log house in Garcia Field (Ficld 2) in (2) 1982, (b) 1993, and () 1996,
The lone juniper in the ficld in the foreground is the same in (a) and (<), a1

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 () 1964; the same carchment in (b) 1982 and (¢) 1996. ... 23

Figure 14, Garcia Ficld (Field 2) was planted using a Hanson browse sceder. 25
Figure 15. Bov Scouts planting trees in Garcia Field (Field 2) in Apnl 1964, 25
Figure 16 (a and b). The apparent development of a water catchment at Ekberg Field (Field 3) during

the 1964 reclamation, ... 26
Figure 17. The corral in Ekberg Field (Ficld 3) in (a) 1982 and (b) 1997. 27

Figure 18 (a and b). Views of portions of Ekberg Field (Field 3) showing dominance by chamisa and

other plants of disturbance. B

Figure 19. The mesa top atound Chupaderos Field (Field 4) in 1982 dotred with juniper and

ponderosa pine. ..., . cee . n
Figure 20. Views of the Pumice Mine Field (Field 5) in (a) 1982, (b) 1993, and (¢} 1996, ceercirirsrsrsrrreme 33
Figure 21, Views of Serna Field (Field 6) in Rendija Canyon showing (a and b) predominantly

ponderosa pine with (c) large junipers and ouk.. 7
Figure 22, A view of Montoya Field (Ficld 7) on Sigma Mesa on Laborarory property (1996), ruevssarsenors 39
Figure 23 (a and b). Views of Montova v Gomez Field (Field 8) on Laboratory property on

TWOMIIE MOML cevimrmsmerssesissassisiscsmmsnsssiones " 41

Figure 24. A small log, building was visible at one side of Montova y Gomez Ficld (Ficld 8) in

(2 and b) 1982 and () 1996, .uvircrcsniisnionimessesains " 43
Figure 25. Comparison of percent cover for all fields, rvinismmnenimmi 47
Figure 26, Comparison of number of species by type for all fields. i, 7

vi

LA AR TSN N PYIST X



Figure 27. Comparison of total percent cover for Field 7 and Ficld 8, 1982 and 1993,

Figure 28, Comparison of numbers of species benveen 1982 and 1993 for Ficlds 7 and 8.

———————y

55
57

Figure 29, Bar charts showing succession of four plant species atr two old ficlds in 1982 and 1993, vvermaee 57

Figure 30. A box plot comparison of total percent cover ar waste sites and old ficlds.

Figure 31, A cluster analysis of all 23 species with an importance value of at least 5 on onc or more

of the study sites.
Figure 32. Star plots thar represent a visual interpretation of importance values of all vegeration for

five waste sitev and cight old fields.

Figure 33, Star plots that reprevent a visual interpretation of the importance values of the carly-

successional plant specics for five waste sites and ¢ight old fields.

Figure 34, Star plots that represent a visual interpretation of the impurtance values of Latewsuccesional

plant species for five waste sites and eight old fields,
Figure 35. Star plots that reprevent a visual interpretation of the importance values of the mid.

succonsional plant species for five waste sites and eight old ficlds.

Figure 36. Box plots displaving a companison of the importance values of six plant species at waste
sites and old fields.

61

61

Figure 37. The locations of transects rhat contained wormwood in both ponderow pine and pinon-
juniper caver rypes.

Figure 38. The locanions of transcers that contained false rarragon in both ponderosa pine and
pinon-juniper cover types.

Figure 39. A comparison of understory cover and averstory cover on portions of Twornile Mea

showing that as the oventory cover increased, the undertory cover decreased.

LISTOF TABLES

69

10

Table 1. Location of tields.

Table 2. Site name and homesteader as related to crops and livestock.
Table 3. Comparison of cover and dominance index for Archulera Field (Field 1),

Table 4. Comparison of cover and dominance index for Garcia Field (Feld 2)

S&&s

Table 5. Comparison of cover and dominance index tor Ekbery Feld (Field 3).
Table 6, Comparison of cover and dominance index tor Chupaderos Field (Field «).

49

Table 7. Comparison of cover and dominance index for Pumice Mine Feld (Freld 5).

50

Table 8. Comparison of cover and dominance index for Scma Ficld (Fieid 6).

$1

Table 9. Comparison of cover and dominance index for Montova Field (Field 7).
Table 10, Comparison of cover and dominance index for Montova v Gomez Field (Reld 8).
Table 11. Comparison of forb cover for the ¢ight fields from a multiple range tet.

$1

i d

Table 12. 1982 and 1993 comparison of phytosociological data for Montova Feld.

53

Table 13. 1982 and 1993 comparison of phytosociological data for Montova vy Gomez Feld.
Table 14. Soil umple results,

S+

Table 15. Soil sample nutrification.

G4

-

<J r.‘ik.ﬂl'

)

Wty

»
-

o §ur




Preface

This paper includes information from floristic studies that were made 15 years ago. In an actempt 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 thar may be useful in the future. Each
of the ficlds 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 transeets on two of the ficlds 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 ficlds through photography of cach site, and we have
incorporared 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 compararive phortographs.
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Old-Field Plant Succession on the Pajarito Plateau
Joralene Foxx, Gail Tierney, Mary Mullen, Mary Salisbury

Abstract

Eight fallow historic fields of the ponderosa pine and pinon-juniper cover types were surveved to
determine species composition and distribution. The purpose of the study was 1o underszand plant
succession on old fields as related to mechanically manipulated sites such as material disposal areas
(MDAs). Additionally, we wanted a listing of species on disturbed lands of the Pajarito Plateau to
aide in the reclamadon planning of MDAs using native species. We alvo 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, Tivo sites were within the
boundarics of Los Alamos Nartional Laboratory and were studied both in 1982 and 1993. Theother
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
specics found within cach field. Smtistical analyses were used to compare the information obtained
from cach ficld, data collected in two ficlds in 1982 and 1993, and data from MDAs in a similar
time period with the old ficld data. We alvo determined which plant species were the most
dominant on cach site and compared thar data with information for adjacent forested areas. The
study showed that there were 78 different plant species found on disturbed siten. Of these 78
species, 23 were found to be dominant on onc or more of the MDAs or old ficlds. However, only §
species were common on all sites. The species in the genus Artemisia (A, carruehii and A.
dracunculus) were found to be dominant on both MDAs and old ficlds. 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 specics were replaced by grass as suceession proceeded, A cluster analyis
comparing old ficlds with MDAs showed thart the old ficlds and MDAs were dissimilar. However,
the cluster analysis did show that MDAs were similar to MDAs and old fields similar to old frelds.
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 1o 20
vears. Species such as sweet clover and cheat grass were found on MDAs but only occasionally in old
fields. Mid- ro latc-successional specics were commonly tound 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 Platcau, Additionally, it provides a listing
of species thar will invade disturbed sites, species that may be used in site reclamation,
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1.0 Introduction

Disturbance, both man-made (c.g.
construction bulldozing) and natral (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 lows, and. in some cases, the
integrity of a site—that is, was there some
undocumented disturbance during the process
such as grazing or cffluent dumping?

In the 1980s, there was concern about the
integrity of waste site covers due to the invasion
and development of plant communitics within
the disturbed areas. Hakonson et al. (1981)
showed that resting depths of plants, the
evapotranspiration rates, and the artraction of
such sites to burrowing animals were influennal
factors in waste site integrity. Shallow-rooted
plants and thowe with high cvapotranspiration
rates were more devirable than deep-rooted
plants, Deep-rooted plants could breach covers
and potenaally bring contaminants to the
surface or could be a pathway for water 1o enter
waste. Thus the site cover preparation, the
seeding and planting of species, and the
maintenance strategics were important for long-
term waste site integrity.

To understand the long-term integritvof a
site, we needed to know whar plants werc on
the present sites and what would be the long-
term cstablishment of plants on a site
(successional processes). In 1980, we surveyed
the flora of waste disposal sites (now known as
matcrial disposal arcas [MDAs]) at Los Alamon
Nartional Laboratory (LANL) (Tiemcy and
Foxx 1982). During thos studies, we found
four species of Arzemisia (wormwood)—A.
dracunculus (falsc tarragon). A. frigidi
(estafiawa), A. ludoviciana subsp. albuls
(Louisiana wormwood), and A, carruchii
(Carruth wormwood )= were common
components of the flora of disturbed sites.

Three of the MDASs had been placed on
fallow fields that had been abandoned in the
1940s. In areas of the ficld not disturbed by the
waste site preparation, there seemed to bea
similar pattern of composition with a commeon
component being species of Arremisia.
Therefore, in 1982, the study was expanded o
look at old-ficld sites both on and oft LANL.

Eight fallow historic ficlds in the ponderosa
pine and pinon-juniper cover types were chown
for this study. The cight sites were selected for
the following reavons: (1) the original
dimensions of the historic agricultural areas
could be determined from various maps and
ground survevs, (2) some temporal parameters
were available from historical documenmton,
and (3) naarly all sites were ather on LANL or
Uhnited States Forest Service (USFS) lands that
were easily aceensible. All sites were within Los
Alamos County and were part of the federal
buv-out or condemnation process for the
Manhattan Project; thus, all the ficlds were
abandoned at the same time (1943).

The survevs were intended to document
planss 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 potennal indicators of previou
disturbance.

1.1 Litcrature Review

The Pajarito Plateau has had a long history
of usc 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 plareau has been logged.
grazed, and dry-farmed since the end of the
1800s. More recent disturbances include
burned areas, disposal sitex, raads, and other
structures, which provide an opportunity to
study the response of the tlora to disturbances
over wide ame scales.
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Patterns of succession have been a topic of
rescarch since the late 1800s. It was possible to
identify types of disturbances and the time of
abandonment through records, Some of the
carliest research involved roadside disturbances.
Shantz (1917) found that succession in these
arcas went through an carly-weed phase, a lare-
weed phase, a short-lived grass phase, a
perennial phase, an carly short-grass phase, and
a late short-grass phase. This eventually led to a
short-grass sod community, which could also be
found in undisturbed communities, Research
by other individuals recorded patterns similar to
Shantz's by studying ficlds from the time of
abandonment (Savage and Runven 1937, Judd
and Jackson 1939, Judd 1940, and Weaver and
Albertson 1956), In 1944, Costello defined a
mode! for successional processes. Wich an
increase in the species componsition, he reported
(1) the replacement of annuals by perennials,
(2) a gradua! 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 supported 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,
Tomanck et al. (1955) found that abandoned
fields in ¢entral Kansas had a 33% cover value
of which two-thirds were long-lived perennials
and one-third were short-lived perennials.
Additional disturbances to fields have alvo been
rescarched such as Dvksterhuis’ study (19438).
He found thar ficlds thar experienced little or
no livestock grazing and those protected from
excessive erosion would recover more quickly
than thosc that had suffered further
disturbance.

The study of old ficlds has contributed
more than succession patterns. There has been
an cffort 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

Old-Field Ptant Succession on the Pajarito Plateau

or introduced plants that can out-compete
other species when the natural community is
upset (Dury and Nisber 1973). For instance, in
the 1940s and 1950s, tumbleweeds (Salols
kali) were introduced into the Southwestin 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 prehistaric times in the
Southwest (Yarnell 1958). On historic sites, old
animal pens, dry-farmed ficlds, logged arcas,
and homestead sites all seem to have
vegetational compositions different from their
surroundings. Additional work by Tiemney 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 importance indices, and are also
different from surrounding vegetation
composition.

2.0 Location Of Study

The old-ficld study sites are locared within
Los Alamos County, New Mexico, on the
Pajarito Plateau. The Pajarito Plateau is on the
cast-central edge of the Jemez Mounmins
(Fgure 1). These mountins are formed by a
complex pile of voleanic 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 mounzainy, is
aligned approximatcly north-south and is about
32 to 40 km (20 to 25 mi) in length and 8 1o
16 km (5 10 10 mi) wide. The platcau dopes
gently eastward from an elevation of about
2236 m (7500 ft) near the mountains toward
the Rio Grande, whete it terminates at an
clevation of abour 18389 m (6200 f) in steep
slopes formed by the down~curting of the Rio
Grande, which lies at 1647 m (5400 ).
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The platcau has been dissected into a
number of narrow mesas by southeast-wending
intermirtent streams. The apronlike plateau ar
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
Mounzins about 1.1 1o 1.4 million years ago
(LANL 1988). The tuffs overlap other
valeanics, which are underlain by the
conglomerate of the Puye Formaron (LANL
1988). This conglomerare intermixes with
Chino Mesa basalts along the Rio Grande.

The climate of this area is characterized by a
semniarid, temperate mountain climate with
summer temperatures typically mnging from 10
to 22°C (50 to 80°F) during a 24-hr period
(Bowen 1990). Winter temperatures generally
range from about -6 to 11°C (the teens to 50°F)
during a 24-hr period. The annual
precipitation in the vicinity of Los Alamos
ranges from 32 to 46 am (13 to 18 in.) with
much of it occurring during summer rain
showers in July and Auguse.

3.0 Historiaal Background of the Pajarito
Plateau

The Pajarito Plateau has been in use for at
least 10,000 yaars. 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
1977). Around the late 1100s, the Pueblo
Indians sertled in the area and began agriculture
on the mesas and canyon bottoms (Foxx and
Tierney 1984). The first extensive farming on
the Pajarito Platcau was abour 1150 AD by the
Pucblo IIT peoples. Larpe pueblo settlements
were in place in the late 1300s bur were
abandoned about 1500 AD, possibly due to
drought and soil depletion (Steen 1977).

Olo-Fiald Piant Succession on the Pajarito Plateau

With the arrival of the Spanish, grazing
animals such as sheep. poars, cows, and hones
were introduced. Sheep were the major
domestic livestock until the late 1800, when
aartle became more profitable. Historical
information indicates that Pajarito Canvon was
used as a source of water for sheep and later,
possibly, for cartle from nearby ranches.

From 1742 t0 1751 Pedro Sanchez owned
the land thar became known as the Ramon
Vigil Grant (Figure 2). Pedro Sanchez lived in
Santa Cruz, and in 1741 he petitioned
Governor Gaspar Domingo Mendoza tora
grant of vacant land west of the Rio Grande in
order to support his familv. Nearly 100 vears
later heirs of Pedro Sanchez sold the grant o
Ramon Vigil (August 1851) just at the time the
US Government was surveying the arca:
therefore, the name Ramon Vigll Grant. From
1879 to 1943 the grant changed hands scveral
times, cventually coming under ownership of
Winfield Smith of Milwaukee, Wisconsin, and
Edward I Shelton of Cleveland, Ohio. From
that time until the carly 19405, the grantwas
used for lumbering, grazing livestock, and
homesteading.

In 1897, H. §. Buckman bought logging
and timber rights to the Ramon Vigil Grane,
which was just cast and south of the Anchor
Ranch. A newspaper article of December 1903
speculated that Buckman cut 36,000,000 board
feet on the 32,000-acre grant. Araas adjacent to
the Grant were also logped when the land was
sold to the Ramon Land and Lumber Company
in 1906. The logging industry continued clear-
cutting areas into the 1940s (Foxx and Tierney
1984),

From approximately 1885 through 1887,
the Ramon Vigil Grant was rented 10 2 Texas
attleman, W, C. Bishop, who ran 3000 head of
attle on 32,000 acres (Chambers 1974). From
the aarly 1900s through the 1940s, the land was
used as part of the Grant USFS grazing
allotments. The Ramon Vigil Grant allorment
supported 190 animals (Forest Service Memos
archived ar the Los Alamos Historical Sodiety).
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After the Homestead Act of 1862, the
plateau west and north of the Ramon Vigl!
Grant became homesteads for summer grazing
arcas and subsistence agriculture. The act
granted quarter-sections of land to any settler
who occupied a site for five years. Scctions of
mesa top and canyon bottom were cleared for
* such crops as beans, wheat, corn, alfalfa, and
oats, [n addition to cash crops, settlers usually
had small vegetable gardens and fruit orchards
near their cabins (McGehec ct al., pers. com.)
Scttlers alvo kept small herds of goats, horses,
cows, and sheep (Foxx and Tierncy 1984).
Most familics staved during the warm months
and wintered in towns such as Buckman and
Santa Fe or in the Espafiola Valley. By 1937, 35
homesteads occupied about 15 km?® (6 mi®) of
the Pajarito Plateau (Figure 3)(Foxx and Ticrney
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 Manhatean Project. Later in the 1960s,
portions of the southern boundary of the grant
became part ot Bandelier National Monument,
Los Alamos Counry was established by state
sratute in 1948 from Santa Fe and Sandoval
Counties, and the communities of Los Alamos
and Whitc 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 allorments were discontinued. The
acquired arca included «ix of the old homestead
sites examined in this study.

After World War 11, the Laboratory
continued to exist, From the beginning,
buildings and facilities were often placed in
areas cleared by logging or farming, The resule
is that fallow ficlds, homestead sites, and logged
areas have had different disturbances occurring
over the decades, In more recent years
urbanization, including development of road
wavs, extensive building, and waste burial (10

Qid-Fisid Plant Succession on the Pajarito Plateau

name a few) have disturbed both forested and
nonforested sites. Arcas that reverted 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, crosion became a severe
problem in Garcia Canvon (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 certificate
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 cach allotment in
1943. Information in the following section is a
summation from these lists and homestead
documents obtained from the Nationul
Archives. Beeause of landseape changes,
inheritances, and indistiner maps, we have used
a variety of sources to determine the names of
cach site,

Fields 1, 2, and 3 (Archuleta, Garcia, and
Ekberg Ficlds) arc located in Garcia Canyon on
land that now belongy to the USFS or is in
private ownership. Fields 4 and § (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 Department of Energy (DOE)
and is near the Sportsman'’s Club firing range.
Two ficlds are within the boundaries of LANL;
Field 7 (Montova Field) is on Sigma Maa and
Field 8 (Montova v Gomez Ficld) is on
Twomile Mexa. Tables 1 and 2 give decriprive
and historical information about the fields.
Table 1 gives the location of each field: Table 2
indicates the homesteader and the ¢rops grown.
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Figure 3. Acrial 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). Seale is 1:4680,
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Figure 4, Map showing all of the homesteads.
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4.1 Field 1 (Archuleta/Alamitos Field)

This homestead ficld was parented under
Ezequiel Gardia in 1922, Irwas referred to as
the Archulera 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, bur permanent residence on the
land began in 1915, Improvements to the
parcel included a onc-room log house, a corral
made of logs, 2 chicken house, and a wire fence
on the wext 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 ats, potatoes, and wheat aver
the years the land was oceupied. 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, nwo
named Gonzales, one Grant, onc Lopez, three
named Roybal, and two named Trujillo. A totul
of 190 2nimals were allowed (Appendix B).

This ficld lies at the higheve alditude, 2232
m (7440 fr), of all the ficlds in the Garcia-
Chupaderos Canyons arca. 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 sitc in (a) 1982, (b) 1993,
and (c) 1996,

We found that there were some relatively
large ponderosa pine trees scattered throughout
the ficld. 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 pinc and
gamble oak.

The Archuleta Ficld suffered from extensive
crosion 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,

Olc-Fleld Plant Succession on the Pajarito Plateau

forbs, and woody plants of food value to deer
and wild rurkey as well as a so0il cover to prevent
erosion. The ficld was treated by disking twice
to reduce competing vegetation and seeded and
packed. The southwest comner of the field was
also mulched with hay (Figures 6 10 9). The
area was sceded with mountin mahogany
(Cercocarpus montanus) to improve browse
potential on the site (Figure 10). Ina
Scptember 1964 memo from L. K. Sandoval,
Work Unit Conservationist, Soil Conservation
Service (SCS). to E. E. Wingtield, Chicf Project
Support Branch, Mr. Sandoval writes as follows:

EATEIL AN N LAl I BN IO AV NS Y 2%

“The disking of Archuletrs field has been
completed in preparation for seeding. The
results of this operation indicaze & 75% weed
Y37/

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

Arehndleta Field was ereated fine . . .. All bur
o portion of the field was re-disked with the
Gume Department disk as competing
vegetarion 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 Rusr 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 muleh was used in the soushwest corer of

this field.”

1



This memo goes on to say that in July 1965
the arca will be planted with

Indiangrass (PM-C-54)

Lictle bluestem  (Pastura)

Big bluestem  (PM-C-119)

Blue grama (Lovington)

Sideoars (Vaugh and PM-NM-368)

Browsc species may also be used.

In another memo dated August 1964 from
S. H. Fuchs to E. E. Wingficld the following is
stated:

“The sage prevalens on mosr of the firld
(probably Artemisia gnaphalodes) is a
rhyzomatous plant and will undoubtedly offer
a lot of competition to seedlings that come up.
The sage will likely br difficrelr 1o kill. We
would like for the A. E. C} to disc Archulerza’
Jield as soon as possible.

Mountain mahogary seed furnished by the
AEC will be cleaned and used in the planzing,

Additionally the New Mexico Department of
Game and Fish will provide Mountaim
mahogany, bitter brush, and §-winged
saltinush."

The Soil Conservatior: Service will provide the
Jollowing species: Inditn ricegrass, wescern
wheatgrass, erested wheargrass, Siberian wheas,
pubescent wheat, Russian wildrye, big
hluegrass, Stipa-Oryzopsis, greem needle grass,
basin wildrye, sideoars grama, and §-winged
saltbush,~

In 2 memo 1o L. K. Sandoval on August 8,
1965, James Folks reported the following
information about the soils on Archulera,
Garcia, and Homestead Fields,

12

I surveyed the 3 macts of land in Los Alomos
County thar the AEC is interested in reseeding,

AU traces consist of one mapping unit, which &
unnamed loam, 1 10 9 pereent slopes. This soil
consists of 6 to 16 inches tirick. The subsoil is
of moderate, medium subangular blocky
seructure, The permeability & moderaze.

This soil is leached of lime from 10 zo0 30
inches, It has a tendency to oruss on the
surface reducing the intake rate and increasing
the runoff.

This soil is developing in material from acid
imneous rocks, pumice, and other volcanic
debris. It appears to be low in organic matzer
and shows signs of being very susceptible 10

CTOSL0NT,

Compaction of fll mazerial for dims, dikes,
e1c., 15 hazardous due 10 high silt comtenz. Piz

rype tznks in this soif are more suitable.

The slope varies from I 10 9 percent with §
pereenr being the moir dominanr. Gullies I :o
3 feer deep are common on lower tracss.

Small areas of pumice, conglomeraze, and some
rinvolite are included i this mapping unit,”

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

42 Field 2 (Garda Feld)

At the time of the buv-out. ficlds 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.

'A.E.C is the Atomic Energy Commission (AEC)

Ola-Fieid Plant Suctession on the Pajarito Plateay
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Figure 6. Bags of seed for planting and hales of hay for mulchimg purposes as part of the
experimental work 1o he done on Archuleta Field (Feld 1) in 196,
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Figure 7. Planting forage seed before mulching with hay on Archuleta Field (Field 1) in 1961,
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Figure 8. Tillsand-pack seed drill firming seed bed after dusting on
Archuleta Field (Field 1) in 1964,

Figure 9. Mulching with hay on Archuleta Field (Field 1) in 1964,
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Figure 10, Mountain mahogany (Cercocarpus montanus) seeds planted on Archuleta Field (Field 1) in 1963,

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 additional 4.5 acres of
land. Land patents were issued in 1924 and in
1933. Improvements made to the land
included a three-room log house, a stable, one
corral for cartle, a wire fence encompassing 35
acres, a chicken coop, and a hog pen, The 1921
application included this deseriprion.

“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 poses, posts about 2 yards aparr
and the fence worth abour S300. The log
house is approximazely 10 logs high or 10 f
and owutside dimensions abour 10 f¢ by 20 f¢
and the house worth abour $600; other

Old-Field Piant Succession on tha Pajarito Plateau

improvements are a chicken house, pig pen and
yard, corral for cattle and & ool house of
lumber all worth abour $300 more.™

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

Adolfo Garcia grew several crops on the
homestead. In 1919, 18 acres of beans, corn,
and whear were culdvated. A crop of batley was
added to the ficlds 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 Ib of beans, 3000 Ib of corn,
and 2500 Ib of wheat. In 1920 he harvested
2000 Ib of beans, 2500 Ib of corn, and 1875 Ib
of whear, The harvest was much less in 1922
with only 200 Ib of beans, 600 Ib of corn, and
500 Ib of wheat. In 1923 he harvested 1000 Ib
of beans, 5000 1b of corn, and 2375 |b of
barley. (Homestcad Enery, May 19, 1924).
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The clevation of this site is about 2130 m
(7100 £). Ttis generally situated in pondcrosa
pine cover type. A cabin is locared at the west
end of the homestead, and fields lie to the
northeast. Several stone diversions or water
catchment dams arc among the trees to the
northeast side, and a ditch runs along the upper
south side of the ficlds. These are believed to be
prehistoric structures, along with a ruin wesz of
the cabin, After the land was removed from
cultivation, crosion apparently became a large
problem. Records from Homer Pickins indicate
that in 1964 a Wildlife Habitat and Watershed
Development Project was undertaken to use
fieids in Garcia Canyon as an experiment for
planting various rvpes of forage seed. A water
catchment was put in or enlarged. Figure 13
shows the water catchment through tdme. The
entire ficld was disked (Figure 14) and seeded
with Menodora scabra and Prraloscernem
purpurcum. 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
weems to be minimal.

In 2 memo to file by Homer Pickens, July
25, 1966, Pickens indicates,

“On fuly 21, 1966, rwo varieties of ground
cover were planzed in Garcia field near the
1962 sign post.
1. Menodora Scabra or Rough Menodora
2. Peralosternsum Purpureum or Purple
Prairie Clover.
These are experimental plantings :0 detemine
sheir value in evosion control and food for

wildlife.”

4.3 Ficld 3 (Ekberg Field)

The Garcia family eventually acquired
adjacent homesteads and tracts of land
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

18

Homestead Reld-—during Homer Pickens
reclamation project—and Ekberg Freld. In
1982 when we did the surveys, the lands were
owned by the Ekbergw. This field was part of
the carly acquisition by the AEC along with
other ficlds.

The clevation of this site is about 2099 m
(7000 #1), and the site is Jocated cast of Garcia
Feld. Itlies on a bench above the straam
channel and gently slopes to the cast in a
ponderosa pinc-dominated community.

Heavy erosion alvo became a problem in
this ficld after the land was sold to the
government. Warer catcchments were apparently
developed on thewe fields also (Fgure 16). The
land was reclaimed in 1964 under the same
program docribed by Homer Pickens. Heavy
equipment was used to fill in gullies and to
contour hillsides and reveed grasses. In 1982,
the Ekberg Field was a small, privately owned
parcel. The original corral stood near the
entrance of the ficld and by 1997 the corral was
disintegrating (Figure 17). The ficld is
provently dominated by chamisa and other
plann of disturbance (Figure 13).

S B TSI AT I SV YT B

4.4 Ficld 4 (Chupaderos Fcld)

Ficld 4 lavs on a mesa top northwest of the
Copar Pumice Mine on Santa Fe Natonal
Forest lands. Ttisatan clevation of
approximately 2055 m (6850 ft) and overlooks
Chupaderos Canvon. 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 bur used as
pasture land for livestock. Both sheep and
cattle have been grazed in the arca before and
during the homestead cra. The field was
removed from active farming in the 1940s.
Because it was not plowed, evidence of
prehistoric grid gardens or warter conservation
devices can still be scen in this field, suggesing
that it may have been at least partially cleared
by Indians prier to the arrival of the Spanish in
the 1500+,

Old-Field Plant Succession an the Pajarito Plateau
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Figure 11. The condition of erosion gullies in Archuleta Field (Field 1) in () 1982 and (band ¢) 1993,
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The lone juniper in the ficld in the foreground is the same in (a) and (S),

Ole-Field Plant Succassion on the Pajarito Plateau

S TN LI IN NN Y N

.
o

WIS ¢ el




\r).hﬂo."._ﬁ-.y o[~

— =

Culvl e <30

Oua-Fekt Plant Succession on the Pajarito Plateau



PR

. ":',“_'*g;.';f,:"‘.'ff-a-:,‘,: -
o R Ml
R T e e

B L L T
RRC

?‘":‘:“:". et

(a)

Figure 13. The water caichment that was put in or enlarged in Garcia Field (Field 2) during the
Wildlife Habitat and Warter Development Project in (a) 1964; the same catchment in () 1982 and (¢) 1996,
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Figure 15. Boy Scouts planting trees in Garcia Freld (Field 2y in April 1964,
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Figure 16 (a and b). The apparent development of a water caschment at Ekberg Field
(Field 3) during the 1963 reclamanion.

Old-Fieid Plant Succession on the Pajarito Plateau

d e A0 Y e LI

d:




Figure 17. The corral in Ekberg Field (Field 3) in (a) 1982 and (b) 1997.
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Figure 18 (a and b). Views of portions of Ekberg Field (Field 3) showing dominance
by chamina and other planis of divrurbance.
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4.5 Field 5 (Pumice Mine Field)

Field 5 is not part of the original land area
acquired by the AEC for the Manhartan
Project. This ficld lies just ourtside the
northcastern border of the purchasc within the
Sanm Fe National Forest. The clevation of this
mesa top site is approximately 1980 m (6600
fr), and while the dominant vegetation is now
pinon and juniper, the mesa top appears to have
had pine on it in the past. A few old ponderosa
pinc stumps were found, indicatng historic
logging and field dearing. The Pumice Mine
Ficld was also used as grazing land for livestock
during the homestead cra. Prehistoric garden
plots were found in an area just north of the
pumice mine as well as a small ploton the
northern portion of the field. The ficld 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.

Qid-Fisld Plant Succession on the Pajarito Plateau

4.6 Feld 6 (Serna Feld)

Ficld 6 was under the name of Jose M. and
Fide! Serna in the 1940 acquisition mmaps.
Homestead records show two homestcads in the
Rendijz Canyon area, thosc of Federico
Gonzle and Andres Martinez. From this
information and other [ists, it appears that the
fields designated as the Serna Feld 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, whear, peas, and garden seeds™
and “harvested very fair crops every vear.,”™ At
one time 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
Gonzales had approximately 38 head of atte
in the Guaje allotment for 1943, but there is no
mention of Martinez or Semna.
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Figure 20. Views of the Pumice Mine Field (Field 5) in (2) 1982, (b) 1993, and (c) 1996.
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This field is located in Rendija Canyon, to
the southcast of what is now the rifle range for
the Sportsman’s Club. The field stands at
approximately 2070 m (6900 ft) in elevation
and follows the gradual canyon bortom
drainage to the cast. The plant community is
predominantly ponderosa pine with some large
junipers and oaks in the area (Figure 21). As
with other ficlds, it began to crode when the
arca became fallow. Ditches were contoured for
crosion control probably during the same time
period Horner Pickens records crosion control
measures going on in other old fields. [n
addition, arrovos near the road were filled with
Christmas trees by local Boy Scouts.

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

4.7 Ficld 7 (Montoya Ficld)

This field orginally was part of the Ramon
Vigil Grant, but in a homestead claim in 1911,
José Albino Montova filed for 90 acres and took
up permanent residency. Montoya built several

structures on the land including a log-and-
frame housc, a corral, a hen house, a rescrvoir,
and a wire fence. In 1911, 5 acres of beans,
corn, and oats were planted. Only beans were
planted in 1912 on 10 acres of land. By 1914,
25 acres were cultivated with only beans
planted,

Tn 1942, the Montoya Field was part of
lands acquired for the Manhattan Project. This
ficld lies at approximately 2190 m (7300 fx) 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 communiry.
The Laboratory uscs the mesa, including the
ficld, as a storage area. Present day disturbances
also include roads and buildings on parts of the
mesa,

Ola-Field Plant Suctession on the Pajarito Platesu

4.8 Ficld 8 (Montova y Gomez Feld)

There are two fields or homasteads on
Twomile Mosa. At the time of the acquisiton,
one was shown to belongto J. E.and J. R,
Montoya (160 acres) and the other to
Donaciano Gomez. Ocrogenarian Marcos
Gomez, who was raised on the Gomez
homastead, was brought to the mesa area and
he idendified both the Montoya and the Gomez
homestead sites (Journal North, Saturday,
February 1, 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. Montova 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
ficlds on Twomile Mesa was patented to
Donaciano Gemez 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 sall
visible.

Gomez began a permancent residence on the
land and filed 2 homestead application in 1899.
The improvemenss made to the land included 2
threc-room log house, a stable, and a fence
around the property. The homatead entry does
not specify what crops were grown: it only
states 25 acres were cultivated in favorable
£rowing scasons.

The field lies ar approximarely 2190 m
(7300 f1) in elevation on a mesa top to the
south of Sigma Mesa. The land slopes gradually
to the cast with the contour of the mesa top.
Ponderosa pine dominates the communiry here.
This field is also in the middle of active
Laboratory property and ncar a disposal site
(MDA F) (Figure 23). The homestead site has
remained relatvely undisturbed, buta
meteorological tower, roads, and a waste
disposal site, as well as remnants of other old
facilitics, can be found within the field arca. A
small log building was visible in 1982 and in
1996 at onc side of the ficld (Figure 24).
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5.0 Methodology
5.1 Historical Data

Acrial maps from 1935 werc studied to tind
cleared arcas in and around LANL. The fields
were then located by USFS surveys and
topographic maps. Original maps drawn ata
later date and redrawn from existing original
survey work were obtained showing the
locations of homesteads. Universal transvense
mercator coordinates were noted and the ficlds
were then ground-checked. The AEC
acquisition dates were also rescarched for
homesteads within the county boundaries of
Los Alamos.

Historical information on each field was
rescarched through the Stute Land Office
records. All land entry papers in the National
Archives arc available through the card indices
located at regional offices of the BLM. Copies
of the original land patents, homestead entrices,
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 filed under
the name of cach individual land office, usually
in two series: one for those who had completed
their requirements, and the other for those who
had not, Early file series are RG 49 (BLM:
1863-1908), Subsequent to 30 June 1908, all
land entry papers are filed in the National
Archives in a single numerical series (Public
Land Series) regardless of entry rvpe. These
entrics give the locations of cach homestead in
the Pajarito Plateau area dating to before the
turn of the century. A complete file includes
original application, certificate of publication,
proof of two witnesses, proof of the claimant,
and final cerificate.

Eighr historic agricultural areas were chosen
for study becausc of their edaphic similaritics to
previously studied waste disposal sites (Tierncy
and Foxx 1982). Scveral of the waste sites were
located on historic fields and a direct
comparison would be possible between these
and other historic ficlds. Each area is also

36

located within the ponderosa pine community
and most are on mesa tops. The eight sites were
selected for the following reasons: (1) the
original dimensions of historical agricultural
arcas could be estimared, (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 abservations, four
species of Artemisiu could be considered “key
specics,”

5. Vegetation Data

At cach site, transects were established to
determine species composition, density, and
abundance. Collection or vegetation dam for
oid fields was accomplished with the use of
Daubenmire plots for understory components
and a line intercept method for overstory
components. For most flelds, four 150-m (500-
fr) transcets were established. Each transect
began ar 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) transccts beginning at a center
point and heading approximately north and
south or cast 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 idendfications
were taken to the University of New Mexico
Herbarium for confirmation.

5.2.1 Understory

The quadrat method was used witha
Daubenmire plot of 20 by 50 em (8 by 20 in.)
(Daubenmire 1959) to measure the
cryptogamic and herbaccous layer and the
percent bare soil, litter, and woody species lews
than 1 m (3 fv) mll. Visual stimares of foliar
cover were used to determine percent cover and
species composition. Quadrats were placed

Old-Field Plant Succession on the Paants Plateau

IND e Lo

-

G B

£




il

-
s . TV doner,
o L Sy s

g A

ﬁmﬂ;‘ v

T Ll O Y

i3 V‘{"'?,‘T:'“' :
=

T Y,
ST

o R
(o4 ..r--t"‘"".a
-
2LF .

Pats:

EPR
0

ELRETTA Vi
Tyl g
M _,—-ﬂ

(€)

T Tk ,-.»:."'( . s i . ' w
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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every 3 m (10 fr) along each 150-m (500-f1)
transect line.  All lines started at a central point
and ran a compass direction—one line for each
direction: north, cast, south, and west. For this
report, only understory vegetation was looked
at. All vegeratonal data thar was collected was
analyzed with the following methods:

Cover = sum cover of a species/
(transect distance/10)

Relatve Cover = sum cover of a species/
sum cover of all specics

Frequency = # pts, occurrence of a species/
(transect distance/10)

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

Dominance Index = average of relative
cover and relative frequency

Olc-Field Plant Succession on the Pajarito Plateau

Figure 22. A view of Montoya Ficld (Field 7) on Sigma Mexa on Laboratory property (1996),

5.2.2 Overstory

Most of the ficlds had few trees and shrubs
in 1982, Thercfore, the overstory vegetation
was not analyzed for this project. However, the
overstory components were recorded and
analyzed for two ficlds surveyed in 1993. The
following is the mcthod in which the 1993 daa
was gathered.

A line intercept method was used to
measure the single-stemmed overstory
components within most taller woodlands and
some riparian zones (i.c.. ponderosa pine, mixed
conifer). For this method, the mamsect lines
were run with the understory transecss. For
statistcal purposcs, the line was divided into
15-m (50-£2) sections, thus creating separate
divisions in each 150-m (500-ft) transect.
Within each 15-m (50-ft) section, the dlameter
at breast height (DBH) of all zrees and shrubs
within 3 m (10 f1) of aither side of the transect
lincand equal to or graaterthan 1 m (3 fr) in
height was recorded. The canopy cover was

e Do

" |

S E e FAseyr




CHUN s QO e (1)

Olg-Flald Plant Succession on the Pajarito Plateau



. 4
pr———

oy e PP
B Wy S

¥ AR D i

Figure 23 (a and b). Views of Montoya y Gomez Field (Field 8) on Laboratory property on Twomile Mesa,
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Figure 24, A small log building was visible at one side of Montoya y Gomez Ficld (Field $) in
(a3 and b) 1982 and (<) 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 § or greater were defined as
dominant. Thesc 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 tken from the old fields
except in the Rendija and Chupaderos Fields,
Guidclines from New Mexico State Universitys
Soil, Plant, and Water Testing Laboratory were
followed. Before a sample was wken, the field
was examined for variations in texture, color,
slope, degree of crosion, and drainage to locate
areas of uniformity. Samples were taken by
hand with soil tubes, soil augers, or spades 10
plow depth oz about 20.3 em (8.12 in.).
Fiftcen 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 Testng
Laboratory for analysis. Soils were analyzed for
pH., bulk density, texrure, nutnification,
phosphorus and aalcium content, water

Qld-Field Plant Succession on the Pajarito Plateau

retention ability, cation exchange ability, and
phosphorus sorption.

5.4 Sutistcal Analysis

Graphical, nonparametric, and multivanate
methods were used to analyze percent cover,
species importance. and succession. Data were
displayed using box plots, bar charts, and saar
plots; similarity berween plots was displaved
using the results of a cluster analwsis. The
Wilcoxon Rank Sum test (Gilbert 1987) was
used to test for a shiftin the distribution of
importance values ar waste sites versus old ficlds
for 6 species, and to test for a shift in the
distribution of tom! percent cover at waste sites
versus old fields,

6.0 Resules
6.1 Vegeration Characteristcs of Each Field

The phytosociological dam were cxamined
for cach 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 dama
collected tor each site by wansecr. Fgure 25
indicates the toral cover for all dghr sitess Figure
26 represents the number of spedies found on
cach site by forb, grass, and shrub.

Feld 1(Archuleta Field): Thetoml
understory cover for Ficld 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 10.6%., and 2
shrub species with a cover of 2.7%. Western
wheargrass and Russian wheargrass were the
most common grass specics found on the site.
Wormwood had the highest pareent cover of’
forbs. Small ponderosa pines were also noted
scattered throughout the area and had a
measured cover of approximatcly 1%. Species
with the highest importance indices were
wormwood, snakeweed, pinglie, and lafy
golden aster (Table 3). A complete data set for
this ficld is in Appendix D.
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Table 3. Comparison of cover and dominance
index for Archuleta Field (Field 1).

Table 4, Comparison of cover and dominance
index for Gareia Field (Field 2).

Species Cover (%) Dominanee Specics Cover (%) Dominance
Index Index
Carruth wormwood 3.08 20 Western wheatpgrass 5.1 203
Leafy golden aster 2.54 18 Garruth wormwood 3.98 17
Snakeweed 238 14 Lintle bluestem 38 2
Western wheatgrass 1.13 12 False tarragon n 11
Pingile 1.76 10 Leafy golden aster 142 7
Chamisa 1.58 8 Blue grama 1.0t 4
False tarragon 0,13 2 Redtop 0.86 2
Sweetclover 0.43 4 Wolftail 1.13 3
White ragweed 0.13 2 Dropseed 0.52 3
Russian wheatgrass 0,08 1 Lupine 0.5 3
Dropseed 0.08 ! Indian grass 1.3 3
Bortlebrush squirreltail ~ 0.03 0.5 American vetch 012 2
Evening primrose 0.04 0.5 Black grama 0.80 2
Unknawn grass 0.05 0.4 Mullein 0.5 1
Unknown Compesite 0.05 0.3 Chamisa 0.19 0.9
Scartet beebloviom 0.03 2 Sweetclover 0.15 0.4
Bluegrass 0.008 0.1 Snakeweed 0.53 2.0
Bermuda pgrass 0.05 0.1 Pingue 0.11 0.6
American vetch 0.00] 0.09 Apache plume 0.25 0.6
Ponderosa pine 1.1 4 Spreading flcabane 0.0% 03
Evening primrosc 012 0.8
Field 2 (Garcia Field): Garcia Ficld is Cheatgrass 0.001 0.2
.y . Shepherd's pune 0.001 02
within the ponderosa pine cover type. There Flax 0.001 o
are small trees and a few shrubs throughout the Goldencye 0.01 o1
area, The total understory cover for Garcia Wild chrysanthemum  0.001 0.1
Ficld was 25.6%. Twenty-ninc species were Desert four o'clock 0.0003 0.1
Fleabane daisy 0.03 0.1

identified from the rransects: 9 prass 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

wheargrass 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 mrragon (Table 4). A complete dama
set for this field is in Appendix E.

Field 3 (Ekberg Field): Ekberg Field is
within the pondcrosa pinc zone. The totai
understory cover for the field was 25.8%,
Thirty-one specics were identified along the
transccty: 7 grass specics with a cover of 12.7%,
22 forb specics with a cover 0f 9%, and 2 shrub
species with a cover of 4.1%. Bluc grama had
the highest grass cover and chamisa the highest
forb cover. The specics with the highest
dominance indices were chamisa, bluc grama,
leafy golden aster, snakeweed. and false tarragon
(Table 5). A complete dam sct for this field is in
Appendix F.
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Table 5. Comparison of cover and dominance
index for Ekberg; Ficld (Field 3),

Table 6, Comparison of cover and dominance
index for Chupadcros Ficld (Feld 4).

Species Cover (%) Dominance Species Cover (%) Dominance
Index Tndex
Blue grama 717 25 Blue grama 75 51
Chamisa 3.9 12 Carruth wormwood 4.72 17
Spiny golden weed 21 10 Chamis 3. 12
Snakeweed 261 10 Little bluestem 0.1 11
False tarragon 1.99 10 Buckwhear 0.25 3
Bottlebrush squirreltail 1.49 8 American vetch 0.09 3
Bermuda grass 1.66 5 Lamb's quarters 0.19 e
Dropsced 1.65 4 False tarragon 0.44 2
Brome 0.45 2 Leafy golden aster 0.4 2
Evening primose 0.48 2 Stickseed 0.2s 1
Milkverch 0.36 2 Dropsced 0.17 1
Lupine 0.26 2 Prairie sunflower 0.07 0.9
Litrle bluestem 0.28 2 One-sced juniper 0.38 0.9
Globemallow 0.18 0.9 Spiny golden weed 0.03 0.6
Longleaf burterweed 0.28 0.9 Blue gifia 0.02 0.5
Oneeseed juniper 0.2% 0.9 Ponymint 0.02 0.5
American vetch 0.004 0.8 Hidden tlower 0.05 0.4
Sweetclover 0.08 0.5 Firewheel 0.03 0.3
Louisiana wormwood 0.05 0.5 Bottlebrush squirreleail 0.01 0.3
Aster 0.10 0.4 Fetid mangold 0.01 0.3
Greenthread 0.05 0.4 Beardstongue 0,01 02
White ragweed 0.13 0.3 Goatsbeard 0.03 02
Carruth wormwoad 0.04 0.3 Mountain muhly 0.01 0.
Buckwheat 0.05 0.3 Scarler rumpet 0.0t 0.1
Puccoon 0.026 0.3 Evening primrosc 0.01 0.1
Pinpiic 0.06 0.3 Woolly Indian wheat 0.01 0.1
Prairie clover 0.03 02 Russian thistle 0.01 0.1
Woolly Indian wheat 0.03 0.2 Tansy-mustard 0.01 0.1
Shepherd's purse 0.03 0.1
Mountain muhly 0.00} 0.1 Ficld 5 (Pumice Minc Reld): This field
Stickseed 0.001 0.1

Ficld 4 (Chupaderos Field): Chupaderos
Ficld was in the pinon-juniper cover type. The
total understory cover for this field was 13.5%.
Twenty-cight 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 pondcrosa pines and chamisa
were saattered throughour the area. Species
with the highest dominance indices were blue
grama, carruth wormwood, chamisa, and lictle
bluestem (Table 6). A complete data st for this
ficld is in Appendix G.

Old-Fieldt Plant Succession on the Pajarito Plateau

was in a ptnon-juniper cover type with an
understory of blue grama and sand dropsced. A
few oak, juniper, and chamisa were seattered
throughout the area. The total understory
cover for the Pumice Mine Field was 16.5%.
Twenty-six specics were identified from
transects: 9 grass specics 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 mrragen
had the highest cover of forb. A few chamisa
were scattered throughour the area. Species
with the highest dominance indices were sand
dropseed, snakeweed, blue grama, false
tarragon, and threc-awn (Table 7). A complete
data sct for this field is in Appendix H.
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Table 7. Comparison of cover and dominance

Table 8. Comparison of cover and dominance

index for Pumice Mine Field (Field 5). index for Serna Feld (Feld 6).

Speeics Cover (%)  Dominance Specics Cover (%) Domimance
Index Index

Dropseed 22 36 Carruth wormwood 809 3
Snakeweed 3.60 20 False urragon 6.13 =
Bluc grama 293 3 Sand dropveed 0.94 B
False tarragon 1.60 P Esmafiata 248 7
Paverty three-awn 0.82 6 Evening primrose 0.68 5
Bermuda grass 0.55 4 Lupine 0.61 bJ
Bortlebrush squirreltail  0.30 3 Blue grama 1.65 4
Spiny poldenwend 0.16 2 Amenican wetch 0.21 4
Mountain muhly 0.30 2 Ponymint 0.15 g
Russian thistle 025 2 Redtop 0.83 pd
Three-awn 0.25 1 Spiny poldenweed 0.25 b
Walkingstick cactus 0.13 0.5 Nodding buckwheat 0.20 1
Wolftail 0.03 0.5 Cheargrass 0.23 1
Chamisa 0.10 0.6 Bertmuda grass 0.13 0.7
Globemallow 0.02 0.4 Blucgrass 0.15 0.5
Prickly pear cactus 0.03 0.3 Leafy golden aster 0.46 0.2
Lamb’s quarters 0,03 ¢l Aster 0.05 0.4
Estafiata 0.03 0.2 Globemallow 0.001 0.2
Blue gilia 0.01 0.2 Rapgweed 0.001 02
Goatsbeard 0.01 0.2 Lamb's quarten 0.03 03
False buffalo grass 0.01 0.1 Smartweed 0.01 0.1
Wild chrysanthemum 0.01 0.1 Witchprass 0.001 0.1
Pincushion cactus 0.00) 0.1

Louisiana wormwood 0,001 0.1

Field 6 (Serna Ficld): Serna Field was within
a pondcrosa pine cover type with an undenstory
of blue grama. The total understory cover for
Serna Ficld was 22.9%. A few oak and small
ponderosa pine were scatrered throughout the
area. Twenty-four species were found along the
transects in Scrna Field: 7 grass species with a
caver of 3.9% and 15 forb specics with a cover
of 19%. Bluc 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 dropsced,
estaffama, evening primrose, and lupine (Table
8). A complete data set for chis field is in
Appendix L.
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Ficld 7 (Monroya Field): Montoya Field was
within the ponderosa pine zone near the
ccatone with the pinon-juniper cover type. The
total understory cover for Montoya Field was
21.5% in 1982, Twenty-ninc species were
idenrified from the transects: 6 grass species
with a cover of 8.4%, 20 forb specics with a
cover of 10.1%6, 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,
pingiic, Gambel oak, and snakeweed (Table 9).
A complete data set for this field is in Appendix

J.
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Tablc 9. Comparison of cover and dominance

index for Montoya Field (Field 7).

Table 10. Comparison of cover and dominance
index for Montova v Gomez Field (Field 8).

Species Cover (%) Deominance Species Cover (%) Dominance
Indee Index
Carruth wormnwood 586 3 Carruth wormwood 7.06 o
Blue grama 6.98 30 Rlue grama 262 13
Pingiic 1.93 10 Leaty golden aster 1.89 11
Gambel oak pdeg. 6 Evening primrow 084 9
Snakeweed 0.88 5 False tarragon 1.83 8
Mountin muhly 072 3 Spreading tleabane 076 7
False tarragon 0.43 2 Pingue 1.65 6
Threevawn 0.46 2 Redtop 1.65 5
Leafy golden aster 0.34 2 Bottlebrush squirrcltail  0.13 2
Borttlebrush squirrelzail 0.15 2 Snakeweed 0.63 nd
Buckwheat 0.14 2 Dropseed 0.08 1
Scarlet beeblotom 0.09 1 American vetch 0.0t 1
Fendlers rove 0.18 1.0 Narrowleaf yucea 0.1 07
Flax 0.03 0.6 Flax 0.03 0.6
Beaardtongue 0.06 0.5 Mountain muhly 0.03 -
Fleabane daisy 0.06 0.5 Mulletn 0.05 -
Bluegrass 0.08 0.4 Pepperprass 0.001 ol
White ragweed 0.04 0.4 White ragweed 0.001 0z
Sweetclover 0.0% 03 Common sunflower 0.03 0
Woolly Indian wheat 0.02 03 Gavfeather 0.01 02
Indian paintbrush 0.03 03 Beardstangue 0.001 0.1
Lamb’ quarters 0.01 02 Gurn 0.001 0.1
Redtop 0.03 02 Scarler beeblossom 0.01 0.1
Wild chrysanthemun 0.28 02 Runsian thide 0.001 0.1
Puccoon 0.03 - Blazing star 0.01 0.1
Skelctonweed 0.03 0.2 Goansheard 0.01 0.1
Oneseced juniper 0.01 0.1
Owl-clover 0.01 0.1 6.2 Analysis Between Felds (1982 Damn)
Greenthread 0.01 0.1 A comparison was made between the eight

Field 8 (Montova y Gomez Field):
Monzoya y Gomez Ficld was within the
pondecrosa pine cover type. The total
understory cover was 23.6%, Twenrty-seven
species were identified from the ransects: 7
grass species with a cover of 8.6% and 20 forb
species with a cover of 15.0 %. 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
highcst 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.

Qld-Field Piant Succession on the Pajarito Plateau

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

The forb covers in 1982 in Field 3
(Montova y Gomez), Field 2 (Garaia), and Feld
3 (Ekberg) were similar. Field 7 (Montoya),
Feld 1 (Archuleta), and Field 3 (Ekberg) were
similar as were Fleld 1 (Archulera) and Reld 3
(Ekberg). Field 6 (Serra Field) in Rendija
Canyvon showed a difference with a higher forb
cover than the other ficlds. . Field 4
(Chupaderos) had a lower forb cover, and Feld
S (Pumice Mine) had the lowest forb cover of
all the fields.
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Table 11. Comparison of forb cover for the
cight ficlds from a mulriple range test.

Fild v 2 3 4 S5 6 7 #

1 X x

0% denotes thar the fields were nor statistically different).

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

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

Two ficld areas were revisited and reassexved
in 1993, They were Field 7 and Field 8
(Montoya and Montova y Gomez). Figure 27
indicates the differences in cover percentages
berween 1982 and 1993.

There was a shift from forbs to grasses scen
in the dominant species identfied for each field
in 1993. Grass cover was higher in 1993 than
itwas in 1982.

Field 7 (Montoya): After 10 years the
understory cover for Montoya Field was 29% as
compared to 18% in 1982, Twenty-cight
specics were identified from the ranseets in

1982 and 36 species in 1993, In 1982 blue
grama had the highest grass cover and
wormwood the highest forb cover. The specics

ith the highest importance indices were
wormwood, blue grama, pingiic, Gambel oak,
and snakeweed. In 1993 the species with the
highest importance indices were blue grama,
mountin muhly, carruth wormwood, pingiie,
sweet clover, scarlet rumper, and snakeweed.
This was a change from only onc grass and §
forbs in the top 5 with two grasses and other
forbs in the top § (Table 12).

Ficld 8 (Montoya y Gomez): After 10 vears
the total percent cover for Montova 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% 10 10.2%. In 1982 carruth wormwood
and leafy golden aster had the highest
importance indices. These forbs, although sall
part of the major components of the fields had
lower importance indices; and species such as
spreading fleabanc, which had the lower
impormance index in 1982, was the forb with
the highest importance index in 1993 (Table
13). In 1982 there was only one grass specics
with an importance index greater than S:in
1993 there had been a substantdal inereasc in
the percent cover of mountin muhly. In 1993,
blue grama and mountin muhly were in the
top 5 species with importance indices greater
than 5.

6.4 Analysis between Years (1982 and 1993)

Dara was collected on two field systems in
1993, Field 7 (Montoya) and Field 8 (Montova
y Gomez). Figure 27 shows the ditferences in
the cover in 1982 verses 1993; Figure 28
compares the numbers of species on each ficld
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-tield
sites (Aigure 29). Wormwood (ARCA)
decreased in importance at each of the 2 sites to
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Table 12, 1982 and 1993 comparison of phytosociological data for Monzoya Ficld.

Specics Caver (%) 1982 Dominance Index Cover (%) 1993 Dominance Index
*Blue grama 6.98 30 5.54 17
Mountin muhly a.72 3 635 12
Carruth wormwood 5.86 n 205 11
Pinglie 1.93 10 1.60 10
White sweet claver 1.15 S
Searler trumpeter 0.8% 5
Snakeweed 0.88 5 1.08 5
Unknown 8 1.35 3
Three awn 0.46 2 0.65 3
Gelden aster 0.60 3
Unknown 1 B P, 3
Bluegrass 0.08 0.4 0.95 s
Wheargrass 0.50 2
Fleabane daisy 0.06 0.5 0.25 2
Sedpe 0.30 1
Ragweed a2 1
Unknown 2 0.2 0.9
Prairie sunflower 0.50 0.9
Sweetclover 0.05 03 0.15% 0.9
Gumweed 020 0.8
Wightshade 0.20 0.7
Unknown 3 0.35% .7
Greenthread .01 0.1 0.15 0.6
Mullein 0.1 0.6
Bristlegrass 0.25 0.5
Swectelover 0.15 0.4
Dandelion 0,15 0.4
Unknawn § ¢.15 0.4
Rock-jasmine 0.0% 0.4
Canadian wild rye 0,05 0.4
Bottlebrush squitreltail 0.15 2 0.05 0.4
Unknown 9 0.05 0.4
Leafy polden aster 0.34 2 0.10 0.4
Flax 0.03 0.6 0.05 03
Unknown 7 0.05 03
Redtop 0.03 0.2

Pussytoes 6.10 0.1
False tarragon 0.43 2

Wiid chrysanthemum 0.2% 0.2

Indian paintbrush 0.03 03

Lamb’s quarters 0.01 0.2

Buckwheat 0.14 2

Scarlet beeblossom 0.09 1.0

White ragweed 0.04 0.4

Oncesced juniper 0,01 0.

Puccoon 0.03 -

Owl-claver 0.01 0.1

Beardtangue 0.06 0.5

Woolly Indian wheat 0.02 0.3

Skeletonweed 0.03 0.2

Wild Rose 0.18 1.0

® For scientific namen see Appendix M.
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Table 13. 1982 and 1993 comparison of phytosaciolegical dam for Montoya y Gomez Field.

Specics Cover (%) 1982 Dominance Index Caver (%) 1793 Dominance Index
"Blue grama 62 13 10.19 18
Spreading, leabvenc 076 7 .00 19
Mountain mubly 0.03 2 9.21 15
Carruth wormwood 7.06 29 4.44 14
Leafy golden aster 189 11 4.6) 12
False tarragon 1.83 ) hn ’ 4
Big sagebrush 1.6 3
Pingiic 1.65 6 0.96 3
American verch 0.01 1 0.97 3
Bottlebrush squirreleail 0.13 2 0.49 g
Deerverch 0.80 1
Cinquefoil 0.25 1.0
Wild chrysanthemum 025 0.9
Dropseed 0.8 1 02 07
Fleabane daisy 0.20 0.6
Mullein 0.05 0.2 0.30 0.5
Sweet clover 0.10 0.4
Pine dropsecd 0.10 0.3
Gayfeather 0.0} 0.2 0.10 0.3
Shrubby potentilla 0.10 03
Horseweed 0.05 oz
Gumweed 0.05 o2
Beardstonguc 0.001 0.1 0.0% -
Greenthread 0.01 0.1 0.0% 0
Redtop 1.65 5

Poverty threceawn 0.10 0.5

Scatlet beeblossom 0.001 0.1

Snakeweed 0.63 2

Common sunflower 0.03 0.2

White ragweed 0.001 6.2

Peppergrass 0.001 oz

Flax 0.03 0.6

Blazing star 0,01 0.1

Evening primrosc 0.84 9

Russian thistle 0.001 0.1

Goat’s beard 0,01 0.1

Narrowleaf yucca 0.13 0.7

* For wientific names see Appendiv M,
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Figure 27. Comparison of tota] percent cover for Field 7 and Field 8, 1982 and 1993,

while bluc grama (BOGR) and mountain
muhly (MUMO) increased at cach of the sites.
Pingiic (HYRI) increased at the Montova v
Gomez site but remained constant at the
Montova site.

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

Using information gathered in 1980 by
Tierncy and Foxx for MDA, we statistically
compared the percent cover and species
composition for ecach MDA and old ficld.

7.1 Total Percent Cover

Total percent cover at MDAs was compared
1o total percent cover ar old fields. The box
plots (Figure 30) display individual total
percent cover values for each of the plots. The
boxes enclose the middle 50% of the total
percent cover values, and the horizontal line is
drawn at the median. Old ficlds tended to have
higher totl percent cover than the MDA, but
the Wilcoxon Rank Sum test (Gilberr 1987) did
not indicate a significant shift in the location of
the total percent cover for the 2 groups (p =

0.35).

Old-Fielg Plant Suctession on the Pajarito Plateau

7.2 Old Field/Waste Sitc Similarities and
Differences

Acluster analysis (Staristical Scences
1995) was done using all 23 species with an
importance valuc of at lcast § on one or morc of
the study plotn. The disaance metric used was
Euclidean (root sum-of-squares differences) and
the clustering method was Compacr, the largest
distance between a pointin 1 clusterand a

point in another cluster (Figure 31).

The old ficlds all clustered together betore
the MDASs 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 similarites
among the old ficlds than among the MDAs,
and that the old ficlds are more similar to one
another than to the MDAs.

7.3 Comparison of Succession Species

Star plons were drawn to enable visual
repreventation of the importance values for the
S wastc sites and 8 old ficlds. Each rav
reprevents onc species, with the length of the
ray proportional to the magnitude of the
importance value. Smr plot can cludidarte
patterns in the dam thar may lead the researcher
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Figure 28. Comparison of numbhers of species hetween 1982 and 1993 for Fields 7 and 8.

Succession at Two Old Fivlds

ARCA” SOGR* HYRI® MUMO"
Montoya 1982
Montoya 1933
Mantoya y Gomaz 1582
oo | =

Importance

*ARCA = Artemusia carruthi, BOGR = Bowtelowa gracilis, HYRI = [ymenoxys nchanisonii, MUMO = Muhlenbergia momana

Figure 29. Bar charts showing succession of four plant species at two ald 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
carly-successional, middle-successional, or late-
successional species. Figure 33 displays only the
carly-successional species, The waste sites
appear to contain larger nurabers of carly-
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. Figurc 35 shows the mid-successional
species, Both waste sites and old fields wend 1o
conuain several mid-successional species with
large importance values. All star plots indicate
that the species composition and importance
values for species present vary amony all the
Sites,

7.4 Comparison of Importance 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 50% 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 wastc 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 ficlds than
at the waste sites, while sweetclover (MEX)
(p=0.01) and cheatgrass (BRTE) (ps0.12)
tended to have smaller importance values on
the old ficlds 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 transccts and data

Qid-Field Plant Succession on the Pajarito Platesu

collected throughourt the Laboratory to
determine the extent of presence of two specics
of Artemisia—carruth wormwood and false
tarragon. In all cases, those records that
pertained to these two wpecies 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 Cleared
Arcas with Forested Sites

Disturbance within the ponderosa pinc and
pinon-juniper cover rypes generally involves
removal of vegetation. Using the information
collecred 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 beseen in
Figure 39, as the forest overstory increased, the
undenstory cover decreases. Also the numbers
of specics decrease markedly. In the forested
arcas penerally there were only 3 to 4
undenstory species (generally grass), and in the
open mecadows 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 biologieal
information found in the literature for species
with high imporrance indices on either old
ficlds 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 furure studies. All
samples were within the normal ranges for the
Pajarito Plateau. Results of analyses arcin

Tables 14 and 15.

9.0 Conclusion and Discussion

This study has provided informazion about
specics that occur on two types of disturbed
sites (MDASs and old fields) within LANL and
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on the Pajarito Platcau. Because of the levels of
disturbance and the uncertain disturbance
history of cach site, the actual smges 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 dam
indicated that the old ficlds 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 10 years after the original study. the later
study indicates that succession proceeds from
common forb species to grass through time. As
suceession proceeds, grass cover increases;
grasses that had low percent cover in the carly
stages will take the niche of forb species that
were found carlier. The comparison of forested
arcas with fallow ficlds indicated a change in
species diversity and composition. As the forest
canopy closcs, there is less species diversity and
lower understory cover. [n dense forested areas
there may be as few as 4 forb specics and
mostly 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 weeds. Thar is, they are
evolutionary and ecological products adapted to
survival in habitats disturbed by human activity.
Without constant human interaction aver
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 ccotonal area between pinon-
juniper woodland and short-grass prairie, while
snakeweed prefers mesas. The late 1800 saw
huge herds of domestic animals destroying the
grass while the sagebrush invaded in their wake
in some arcas and snakeweed invaded in
somewhar drier regions.

60

Examination of the da in this study
suggests that herbaceous specics in the genera
Artemisia (c.g., false mrragon and carruth
wormwood) are an indicator of a stage of
succession and may be potendally useful as
ground cover for reclamation of MDA sites.
False tarragon was found in all ficids but not in
freat 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
Montova Field, carruth wormwood and bluc
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 bluc grama grass had
taken the lead over wormwood. Field 8
(Montoya v Gomez Field) experienced 2
turnover in dominant species where wormwood
was present in 1993, but recorded less than
10% of the time. However, the natve grass,
blue grama, continued as a dominant species
between the vears. Both Field 7 (Monzoya)
and Field 8 (Montoya v Gomez) showed a
marked increase in numbers of specics growing
in the fields: not all species continued to exist in
these communitics.

With the exception of false mrragon, 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 Arzemesia subsp. albulz
are both caespitose and revegetate to a
comsiderable extent by rooting stems and hence
form densc mats. False mrragon is a prolific
seed producer although statistical viability of
the seed is not known, All three species are
shallowly rooted and uscful 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 Platcau.

Old-Field Plant Succession on the Pajarito Plateau
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Figure 30. A box plot comparion of total pereent cover at waste sites and at ol fields,
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Figure 31, A cluster analysis of all 23 species with an importance value of at least § on onc or
more of the study sites.
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Figure 32. Swr plots that reprosent a visual interpretarion of impormanee values of all vegetation
tor five waste sites and eight old fields.

Casd e P3G ) s LLON

A X7 o~ N

/

Alamitos

/

Gomez
Figure 33. Star plots that represent a visual interpretation of the importance values of the earlv-succensional plant
species for five waste sites and eighr old fields,
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Figure 34. Star plots that represent a visual interpretation of the importance values of late-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 importance values of the mid-successional species at
five waste sites and eight old fields.
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Table 14. Soil sample resules.

Ficld pH Bulk Density Orpanic Matter  Texture™  Cation Exchange I Sorption
Capacity Gapacity

Archuleta 7.0 1.63 1.1 L 194 7

Garcia 6.9 1.71 0.8 SLL 16.0 4.9
Ekberg, 72 156 1.0 SUL 16.0 42
Pumice Mine 7.1 1.63 0.9 L 192 7S
Montova 6.5 152 1.9 SL 34 2
MontoyayGomez 67 158 12 SiL 215 7

* L = loam, Sl =sand/loam, and Sil. = silt/loam

Table 15. Soil sample nutrificadon.

Ficld o C .\'0‘ .\’H. 0 Bar % 173 Bar % 15 Bar%
Morsture Moisture Monsture
Archuleta 6 141 10 8 Z9 K Jody g
Garaa 3 97 o3 9 2 123 43
Ekberg; 13 126 3 9 A 146 62
Pumice Mine 12 142 A3 14 8.7 159 .1
Montoya 7 118 50 9 318 205 76
Montova y Gomez 4 jnrg 40 6 M2 17s 6

*I* = phosphotus, C = carben, NO‘- nitrogen oxide, apd NH‘-mmoﬂium
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BRTE = Hromus tectorum ARCA = Anterusia carruths
MEX = Melilotus sp. ARDR = Artemusia dracunculus

Figure 36, Box plots displaying a comparison of the imporance values of six plant species at
waste sites and old ficlds,
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Figure 37, The locations of tranvects that conmined carruth wormwood in hoth ponderona prme and
PINON-JUNIPET COVET TVPes.
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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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OM = open mesdow; CF e chined torest

B Understory
=’ Qverstory

Figure 39. A comparison of understory cover and averstory cover on portions of Twomile Mesa
showing that as the averstory cover increased, the undentory cover decreased.
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]

PARCELS ACQUIRED BY CONDEMNATION OR PURCHASE [TACRES® |AREA]  MANNER OF ACQUISITION
Qvar which (he United Siares Neld aeciLtive juntsdiction 11om the respective
dates of acquisition until March 15, 1945 (the ettective date of retrocession 8.407.50 A | Previously acquired Dy Manhattan
10 the State of New Mexico OF sich exChsme junisdichion) £ngineer Distnct from U.S. Foresat
v Service by Memorandum ot
NO | TRACT | VENDOR ACRES Ungerstancing dated May 15, 1943,
1 E«28 Esequel Garcia, Estate 57.4p Pr | red by Manhatt
. 9.,260.061 B avIOuUsly ACqQuI an an
2 E«24 Adolto Garcia, et al. 160 00 Engineer District trom U.S. F. '
3 E-25 Adolto Garcia 138.50 Service by Memarandum of
4 E-29 Jose L, Garcia 35.53 Ungerstanding cated May 15, 1943,
) E-4 Faderico Gonzales 72.50 Previously acgurred by Manhaftan
. 4,650.00 c + y U Yy A
8 E.3 Jose M. & Fidel Serna 62.25 Engineer Distnct from U.S. Forest
7 k7 0. 0. Grant 30.00 Service iy Memorandum of
8 £.0 Eitego Gomez 120.00 Undearstanding dated May 15, 1943
8 E+8-A 0.0 Grant 10.00 ool o | Previously acquired by Manhattan
o 544,
10 | E.8.8 Ernesto Montoya 15.00 Engineer District trom U.S. Foreat
11 | E-8-C Adolto Montoya 15.00 Service Dy Supplement No. 1,
12 [ ATA ©. 0, Grant 50.00 dated July 5, 1943, 10 onginal
13 | A7.B | Ernesto Montoya 15.00 Memaorandum of Understanding.
14 | A-7-C Agolto Montoya 15.00 22.70524| E | Previously acquired by Manhattan
15 | E.8 Estanisiado & Cinio Gonzales 152.50 Engineer Distnct trom U.S. Foreat
18 | €.5 Noberto Roybal 125.00 Service by Memorandum ot 4a
Understanding dated May 15 1 R
- Franci g
17 | A10 rancisco Gonzales 50 withdrawn trom appropriahon ty
18 | A2 Manue! Lujan & Eltego Gomaez 150.00 Puplic Lanc Order No. 230, Cated
1% | A1d Martin Lujan 160.00 May 10, 1944,
W [ A-11-B | Los Alamos Ranch School 320.00 Acquired by At £
. 240.00 F i y Atorme EnetQy
2t | A2 Ramon Duran, et al. 180.00 Commi ¢ U.5. Foreat
22 | A-11-A | Los Atamos Ranch School 470.00 Service by Supplement No._ 2.
23 | B.18-8 | watter V. Grontentnaler 20,00 datea October 15, 1947, to onginal
24 | B-19-A | Walter V. Grottenthaler 43.00 Memorandum of Understanding.
25 | B8 A. M, Ross Eat, Anchor Ranch ace 1232060, G | Acquired by Atomic E
26 { B.17 Donaciano Gomex 160 00 Commssion trom U.S. Forest
27 [ B.as Jose Eitego & Jose Patricio Montoya 160.00 Service Dy superseading
28 | @.32 Ramon Duran, at al. 10.00 Memorandum dateG Apn! 14, 1948,
29 8. Victor Romero 15.00 4.505.60] R | Acquired by Atomic Energy
30 B2 Mrs. Franciaguita Romaro, et al, 160.00 Commission trom U.S. Forest
31 | A5 Ennguez Montoya 82 50 Sefvice by supersedwig
a2 | a2 Momtoya Bros. 20.00 Memotantum dated Apnt 14, 1948,
33 18.23 Ramon R. Raybal 107.50 2,645 80 1 | Acquired by Atomc Energy
34 | Bt Mrs. Sanaca Archuleta 6T Commission trom U 5. Forest
a5 | B-2 Farmin L. Vign 60.31 Service by supersedng
TOTAL 1,599.70 Memorandum dated A T4, 1948
Transterrea t mewstratve
Previously acquited Dy Mannhattan Engmeer Distnct through 3.925.» J é;:mol of Am::chnerg:
STNNY Congemnanion or purChase (as enumarated apave) Comminsion by Presisential
- Proctamation No. 3539, dateg
TRACTS SOLD BY ATOMIC ENERGY COMMISSION May 27, 1963,

W Soid contingently, with rght of re-antry by
/s Momic Energy Commission
AREAS TRANSFERRED TO NATIONAL PARY SERVICE:

[:C cember 9, 1958 D March 5, 1963

e County
it B OUNDATIES OF 1 "rUMMUm GeograpMc area® CoOmprising the Los Alamos Community, Pouncary
as establhished by the ALt 0t September 28, 1963 (76 stal. 664, 42 U S.C. 2304) ——————— ndian
Reservaton
e BOUNCANNS 0t land acquired by the Atomic Energy Commiasion as enumerated at:ove Paved

Lot Alamos County bouncary
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Appendix B. Historic Information Relating to Homesteads

ANIC [3-1 [IOMCAcads om InC [21anio latcau. Patcriis AT comicd from the Hurcau of Lang Manarement recnrts. danta be. NS

Homeseaser [oate o Apniianen  + Coriicate numbcr atent Sumber | Acteare
N rno Ltuintana 97111 K N . 0
uan &, Conzaies 9] lilawd tatdd i . )
i'edro Comez v Lonzaies Tl [ xn { - adris Tt
ames . Loomi (A W) ) ENT) . IBGYES
Jrwnd Komern Vil wiAd) [y - 1ed)
B Conza.cs OaEIN V1w - [REXY
iihiam b Mones U slrtiais [IRERL] - <+
Eiren GONZAICS A Duran, widow | Ut 1/ | A dald - lev
of Juan lenacio Duran
Miruel Sunches (9720 | + ASN) - teth
Lxinaci ano 4 some z (ot § 07 LRHS [R5 - V1)
ham C White 1y A1) RE - 1)
vt Quintians ua 2V v u) LOiL 16 ASinM) 9.1}
Harnld H. Broox VANV L9 TN ARYAY AN )
ihiam M. Hooner Uy [0id i (nRE anc U1ans 4 3A D ) 10
Harold H, Brook Ui/ lwid 1 O 1wa 33 KT | o0
Ronert L. VicDourali On 1571974 v (1147 80 R V107 M
“Jone Albino Monuwa o l/19 ] [IEYEY a, s ldy A
Estaniviado Gonzales Uiarisls OTa04S 514403 140)
"Victor Romero 15T 6 EICED Sdlaim 15
Eliso M. Vizl YICIEIGE OTR T and (02 Awa s AR [ E2)
enco Gonzales [ CVICI QLR Ardisd 4.5
Martin Lutan Oew 1 7/1vin INNGET GEREN 1¢u)
rANCIsCO ConZaley RN 02110 2 (bmb? PR
Koman Marines oML [T HT O W
Marths AL Tirook 1TAn1G05 (DL kY [RY)
n M. Vin| [\WARIRN IDXEL "t N W UK
Andres Manines Trediev 19200 N v 5 [EeLY
NBCIANG & N2 e YN Y AN 74 A, 1e. U
Noherno Kovnal TTaddokn U217 and tnild i1 S [R5
10 ATCHUICH ) i7191 1 [T - Al
kedenco Gonzales VAN LY RGN 13
Hamon Luman NEFETITNN [KRTRRD) niting 1)
A. J. Conneli [Ty (e ¥ 10 b 2 )
uan . Lonzales | (P [ nded ] ) 118 el Y]
I RAN (0 |
Jugn Luiy Garcia | Uty i M e LR - 16}
ose L Lurcia R IRIRN 028274 Nibit] 15594
Hinolia de Arcnuieta VOR/ALOLD (4 444N LYE 80 /o
200 ] AT  Lomiag) (DY | Bt Y]
AL LLICK [T AR thd l6v2] | St v07 IR
(AR 1994 4 [ERYLX] TR 14,50
Freauiel Garcia [IMIRVITXT) Uty 1 44 | L3NS RS
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Table B-2. Owners ot the land at the nme of the acauisiton bv the tederal government.
Tract 1932 Qwners Entry Date Ongnal Grantee
Number
Bl Sanaida Archuleta et al. YA Locacio Archulen
2 Fermin L. Viml et al. 7720 Fermin Vil
E3 Jose Mana Serna et al, 71164020 Andres Mathinez
E4 Fedenco Gonzales et ux, 1917 fedenco Gonzales
ES Noberto Rovbal et ux. 11720 Noberto Rovbal
E6 Estamslado Gonzales et al. 1/1%/16 Estnsiado
3 Gonzales
= Q. O. Granter ux. 7144 Juan Gonzales
Ala Q. Q. Grant et ux. 7144 Juan Gonzales
Alb Emesto Montova et ux, 7154 Juan Gonzales
N Adolio Montova et ux. 7144 Juan Gonzales
Q. Q. Grant et ux. ! ?
Exb Emesto Montova et ux. 't 7
Exc Adolto Montova * i
EY Eltego Gomez 1%9% Pedro Gomez v
Gonzales
AlLU Franaisco Gonzales et al. Y19 Francisco Gonzales
Alla LA Ranch dchoo!l /6 14 Wm., Hopper & H.
H. Brooks
Allb LA Ranch School 9/11/94% & 3/18/05 Ben. Quintana &
Wm. White
Al2 Ramon Duraneral. 6/04 Elrren Gonzales de
Duran
B12 Ramon Duran et al. RTAR) Kamon Duran
Al3 Manuel Laan 82013 Dawvic Qunzna
Ald Maran Luan 6/l U Martan Lunan
Ald Ennauez Montova lis16 Eliseo Viml
Blo A. M., Ross estate S0 & 2/02 J. lLoom:s and
L Severo Gonzales
B17 Donaciano Gomez S5 Donaciano Gomez
813 Jose Eltero Montovaetal. | v/l Muruel Sanchez
BlYa W. N. Grottenthaler et ux. 103 Wiliam Moses
Blyb W. N. Grottenthaler et ux. ? ?
B2U Victor Komero et al. 301 Dawvid Romero
Bl] Victor Romero et al. 3/16 Victor Romero
B22 Adolto Montova et al, 6/15 Jose Montova
B23 Ramon R, Rovbal et ux. 6/13 Robert McDourall

R. F. Shaw (1Y Dec 1934)
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able B-3. U.5. Forest Service allotment tally shect 1or one vear (1993),

Allotment Pad Stock [ Season Exempt Season Total Fees
Stock
Liuaye: Rates [6¢ per head per month
Garcia, Adolio -5 T7-1073] > S6-1L15 27 30.(X)
Garciy, Esequic, Estate 16 /1= 1) - 516-10015 1N 5.0
Qarcia, Feliciano < Silo=11S |- Sle-l3 4 A<l
Garcia, Jme L. 15 10031 - dlo=lur s 15 24,00
Crarcii, Jose &. - - ] SMo-1W 1S 2 0.04)
Garcia, datomon - - - SITeeTM S 3 0.00
Gomez, Ellero 25 Tri=itiil - Silnelv]S 29 o), 00
Gomez. J. A, 10 Y - Silo=l ]S | 16.00
nzales, C110 o TR “ Sleml0S 29 40.00
Cronzales, Estaninlado [ TrielQ/3 - Mie=l15 9 Td.40
Grant, 0. O. 16 1/1-TV3 1 - Mio={M15 10 3,20
pe7, Justo 9 Ml [/ 15 | - 5/16-1W 15 9 7.20
ovbal, Dawsd 2] RIS - Mioeli[5 3) 6,44
Rovbal, Jowe A. 3 T EEE Srlo-lv ]S 3 T
Rovhal, Noberto [ 1/1-131 7 Sile-lV 1S 14 .60
“Trusllo, Juan - - RIICDES - 0.00
rupiilo, Samuel - N IESIIES 2 .00
otals 164 Ry 190 RN
Paanitn: Rates 16¢ per deid per month
Anchor Ranch 2 Sn-iwis  [. Slo-10d U 16 00
ran. Jose Ramon 7 EIEIVIE - Sit=lis 7 S o)
Moniovy, Jovwe I:llero 1 Slo-livls |[w KICNIYIES in ».AK)
Montovy, Jowe Patnicro 6 Srie-1uils {3 ISR 19 [
rovbal, Ramon K. 50 11501 - Slo=ltrly Sy )
rujilio. Marcos & Sile-lwis |- Silo-lv i3 S 40U
Alamos Ranch kR Stloe WS |- So=1v]13 75 0.00
Totals [ 11 200 p 9120

78
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Appendix C.

Table C-1. Vepetatson Snecies Prevence or Absence Lt for 1982 Duta

Specuy | Qluf-reid Sues
Commaon Neme Saentilic Name Archuleta | Garow/ | Bkberg | Ghupaderos | lumice | Serna | Montevs | Mantom
{Field 1) | Alamitos| [Fueld 3) | (Feeld 4) Mine | (Field 6) | (Fuid 73 | y Comer
TEwld 2 (Fueld (Frrld #)
Amercan vetch Vicra americana X [T x X X i X
Apache plume Fallurta paradova 1 X t
Aster Aurr . X X \
teardtonpue ['rwitreman (DD, X 1 X by
Hermuda prass (ywndon Kariviom X X X X
Hlack prama Houttiona Frinpedd X L B
Bluc prama Slowtrloua rrecli X X X X N 2 X
Hlueyrrase J'ow ATV b X by
thotriebrush Sssavion Pyreix IS A EY X X X
wirrelvail
Hrome prats Hremus s i X \
Chamisa } C.rrviothammut Rawieari | A | X hY | by hY |
{'rkly Dear cactut | {swming DD, Ly |
Wiig Barw diecsa X ~ x
¢chivianthemum
Mweet clover Mrhiisrus sop X X X X,
Commeon Hebvanitwi anum X
sunflower
\Xhite rapweed Hymmopcp et 10w X X t | X X
Lesert lour Usybapmus Lineamn X
o'clock
Cavteather Liaimis punciate X
Cheatgrass Hramui irctorum X X
Droprend Sparnbalis $OD. X by X » X X
Ny e Old-Fwld Sies
Mpeces Archulera | Garcad | Liberg | Chupederos | Pumice | Serna | Mostow | Monievs
Common Name | Scenufic Name (Field 1) | Alamitos | (Feeld 3) [ (Field 4) Mine | (Ficld 61| (Fwid T | y Comaa
(Freld 1 (Tuld 4 (Freki %)
Eatatidta Arirmiiie 0 ek N .S
kEvening primense | Cemachers spp. X X X X X N
False buttalo pram | Munrsd ionareu X
False tarmapnn Artrmisia dracunculu X X X hS hY X b LY
Firewheel Coatioardia pulicivlia X
Flaw Lmwm spn, » X X
feabane Frieeean spp. X, X
Indian paintbruih | (anime son. X
Fremant’s LAenepadium fremony A
l\ﬂw'Ml
Ciambed nak (Juertus pamteils } 1 x|
Iue mha Ipomepus lonertisrd | | N N
Clobe maliow Apharrdiced enrinea X, | X X
Conldenarve Viewirea wulintinra X |
Lamh's quarrers rmnopadinm spn. i X x X
{oreenihreard T hpimprrma rihdum N X X
Lanira (it W78 COCTIN X 1 1 n X
SOiny poldenwend | Maniapapput 1piwuimus 1 N b
Hoddenliower CPYBLAWERE of i1 X |
Indian frass SOrPuITu W LA X X |
Leaty phiden asirr | (_rwemyt Inlima X X X x X L.y X
repDerFrass {.rPediwm 0, 1 X
Lattle hivesrem SePIALIYPIUY 1WA X X % |
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Table Co1 (cont)
by AT L Farid Swtes

Common Name | Saentile Name Cariial Pumece | derma ' Mansans | Meawiovs
Alamitos (Freld 4) Mine | (Feedd ok 7) | v Gt
(Freld 2 (Field § ! (Fukd %)

Luj L e provsss { andiies X X ¢

Manpold P'acire anmwsntolia X \

Milkwetch Acvapalus cpn. |

Moumas muhlv | Mubirmprreis weniine | hY X | X

Mulien Vriarwm rha piwi X%, t 1 X

Murraerd {dmruraima st | kN 1

Narroweloal victa | Ywies anvuiniuma \ 1 »

Nodding Lriprnwm (rrmuun X ‘ X

buckwhest

LINEAred WIECT | RIS g X ‘ } X

Owi-clorver ( Iotharavive sDP { s ES

I\incushson cactus | Cavwnhanihg wimhave | X i

[moue i Hwnpmary nehendionn X | 1 »

[nderens pine Jrovut_pondt rt ot { i

[*nnvrmint Mmnards pectrmais X ] 1 X

[*Dverty thietawn | Arinds dinavesta ! t A\ X,

i*rarrw Cloreer I'rialmsrmym v { | |

1*rawe suntineer | Jielhanime prneiars | X |

Puceoon Latmmtprronsem ‘ I

v Fimvim .

Haarned Amibvra tr0 | kN 1

Hedron Asveatry albg X X ] i hY

Russian thistie Nairaia dls .S 3 | } x

Rutsan wheatrrass | Arvepwen drevievum | ] '

Conatsheard | Trwpnporew dubrut X X | | ] h3

Spurc s Old-Fetld Seres

dpecicr Garvial o | 'ume Metha Mancove

Common Name | Saentific Name Alamitos {Freid 4} Mine | (Fuela 6) v Comey
Freld 2 {Fuld ) {Fuidd 1)

Sand dropaecd Sparntaiut (FYDLaHd R X

Skeletonweed Sieprenmmeeid <D0

Shephetd's pune Capirlia burudepustevry X t

S artweed L advpmmumy stip X ¢

Shakeweed CrulPrertis 1aretiver X X ] X

NSckieal Mentselia pomila ) X

Stickirnd Lt privala SN X t 1 |

| hreadieat Sewenre (ompiintn .

burterered

Fleahane tFrvprewn son » 1

Trahng tieahane 1 Frippren tigentiom Ry t

Vereh Vic1a 170 X ]

Walkng-stKx Upunna imbriiata hY l l

cholla

Western Agrepyrem ymiim ~

wheargrass !

W hearprass Apvatrormn snn. { { h

Wild buckwheat |} noswnum won. i |

Witrherass '8 camiilare i x |

Woally indan Lamiage punpi A I

whear |

Weoltral 1 wurut _piviroidn X X |

Carruth APsemiiid caPraiit: X X kY X

wOrmwind

Loisiana Arsemisia [udomirand ES

ey Pmwenid

80 Olg-Field Plant Succession on the Pajarito Plateau

)
4

e 1)

I

-

DS e Lasy

.




Appendix D,
“Tsble -1, Phvtosacinlorica] dats taken in 1982 for Field 1 (Archuleta Fisld) by transece.
| SPECIES WSECT T COVER (%) | RELATIVE T EREQUENCY | RELATIVE DOMINANCE
COVER FREQUENCY | INDEX
| GRAMINEAE
| Andropogon E o 0 0 0 0
drirvearum
1 Russian whestprass w 0,10 0.6 0 04 1. 46 1.9%
| h 0.10 0.73 006 247 1.61
| N 012 0.44 0.04 142 1.1%
| Averasge 0.08 0.04 1.1%
| Agratreran smiting 4 3.4 13.31 ) 54 b 17,00
} Western wheatprass w 1.70 10.00 0.6 T2AY 16.62
i S 25 182 0.26 10.74 [19,)
§ N 0.65 4,54 0.3 13.48 901
i Aversge .13 0.46 12.4%
| Cynadon darreion
i Rermuda pras }- 0 1) [ 0 0
W noz (LR 03,02 .68 ) 40
> [4] 0 O [\ 3]
hed 0 3] 0 (1] 0
Averapr D05 0.00 010
I ry ¥, [0 [0 ) 0 )
Hiveprass W [ 4] 0 0 [
~ a.02 .14 0o (12, 54 N.4%
N O 0 o [4] [*]
Avers pe O0H 0.01 0.11
Sisawion irvirvr d aong aaf 0.ar X% 04>
Bottichrush W 0l [Jned 0.06 pa 158
uirrelrail
h 0 [4) (4] g [1]
b 0 0 0 0 0
Average 0.0% 0.02 Q4%
Linknown grass F 1).20 141 [T .67 1 44
W [t} 0 [t] 3] 0
h (1] 0 [{] 0 O
N ) (1] 0 0 )]
Average 0.04 0.01 0.9
S i A, r (1 O 0.8 0.04 1.67 097
Dropseed W 0 0 0 0 )
h 0 [4) 0 0 0
N 0.26 1.%0 010 3,54 J69
Averspe 0.0% 0.04 092
FORBS
Arrowsing carruthe F 2.0 190.72 0.44 1M 34 1903
Carruth wormwond | W A Oy | 2. 0.6 D41 21 1
N 317 2243 0.t} 247 2A4h
N P 1675 .40 14 1m 1547
Averape .04 0.%1 X
Artrmina E 0.08 Q54 0.10 4.17 g
drarrenculur
kalse rarrapon W [ [ 1) [0 0
h) 012 O.MS 0.04 1.65 1.2%
~ {.M0 11 D14 4 G ANt
Awersge 0.1% 0.0 1.5%
Chennapiss tabmea
12aty prlden aster
+ 2. M 16.65% 0,50 R4 1K.74
4 1 &0 10.90 0.42 14.29 12.5%
b 242 17.00 0.40 16453 168
~ 152 | 24 7R 0.5 19.86 oA
Averspe .54 | 0,47 174
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“Table -1 foomr,)
SPECIES TRANSLCT [ COVER (w) | AELATIVE T T EREQUENCY | RELATIVE DOMINANCE
COVER FREQUENCY | INDFX
FORRS
Crnara 1,
Scariet bee hlossom 4 0 0 0 0 0
W 0 0 [1] 0 0
N 0.in .71 0.02 Q"1 0.7
N 0 0 (1] ) [}
Average 0.03 0,01 0.19
(runerrersa tarathrar | £ 1.91 10.99 0.5 12.50 11.5%
Snakeweed w 5.8% 4,27 0.60 2041 7.0
N 1.50 10.61 0.32 1A 11.92
N 0.642 AN1 0,22 7. 614
Average P 0. % 14,24
Hymenaeyr k 0.34 P 0.06 250 b2}
richardionis
Pingtie W 0.42 .46 .04 272 2.99
hy 2 14,39 0. 2N 11.87 1298
N &, 24 0.4 0.4 14 8O 238
Average 1.76 0.21 10.0%
tp s 4. b, 0.16 1.13 0.08 334 223
White rapweed g [} [} [ 0 0
) [1] [{] (1] 0 0
N 0.406 2494 0.14 4.9 3,75
Average 0.13 0.06 1.50
Mebdorws spp. F. 0.3% iy} 0,12 5.00 1.0
Sweetclover w 0.4 237 .18 612 4.5
b 03 %4 4N2 0,16 6.6} 322
N 0.44 AN 0,14 406 411
Averape 0.43 293 0,14 5.67 4.30
Cenathrea sn, k. 0 0 0 0 0
bFvening pnmeoae X/ 016 (). 04 11,0 272 1.M4
N 1] (1] [{] 0 [¢]
N 0.002 .01 .02 .1 N, %
Average 0.04 0.0% 0.4%
Unknown | .10 10.70 0,00 U.H4 Nl
¥/ 0 0 4] 0 0
h] [(] 0 0 0 0
N [(} 1] 0 1] ]
Averagr 0.03 0.01 0.19
Vi americanda 8 Q 0 ) 0 [1]
Amencan wech W 0.002 0.0] 0.0 0.68 0.3%
S 0 1 0 1] 0
N 0 0 1} 0 0
Averspe 0.001 Q.01 0.0%
Unknown Comnowre | E .10 1,70 (.02 033 0
4 [} [1]) ] [1] [4]
b 0 0 0 [4] 0
N 010 0.7n 02 [10v4] nn
Aversge 0.0% .01 0AT
SHRUBMTREES
Chryssthammus L 0.60 2 0,04 1.67 294
et 4
Charnisa W 1.06 ({4 0.16 % el 43
h3 ALY 7.5 0.26 10.74 19,1 %
N Q.62 4, My 0,12 4.6 4 M
Average 1.4% 0.1% Os
Fimut pondrenia k Al 21.4m .04 1.67 11.8%
['onderosa mine 4 1.40 21 0.02 0.0 & 40
S 0 0 0 0 [}
bl 0 [o] 0 (1] 0
Avers ge 1.10 0.02 395
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e JALNDDIN) IRV RN )



Appendix E.
Table Fo1. Phvtranciningical data rakien in 1982 for Firld 2 (Garcia Brdd) bw rranwect.
SPECIES TRANSECT | COVER (W) | RELATIVE | FREQUENCY RELATIVE DOMINANCT
COVFR FREQUFENCY INDEX
GRAMINEAE
GCRAMINOIDES
Seinzactryrivm E [} 4] 0 1} [}
SOW PEPINS
Lirtle hlocstem ! (AL T2 0 06 244 L3t
h) 0 (1) (1] 0 n
h] 1542 45 4% 0 me AR My 4] Réy
Aversge 3.8 0.4 1176
Agrotroven twithee F. A TH.01 0 60 TALY Pt g
Westrrn wheatpraw W 902 AT & 0.4 A O A4 N4
3 4.0 1%.92 0.5 24.3% 21.68
~ [ 0 0 n 0
Averagr $.10 0.48 20.1%
Apvaiis an, t 1.0 4 6N 014 XY - ()
Redtrm W 0 0 0 0 0
S [ [4] [} 0 0
) 2.a2 THG .08 .44 v
Average 0.Mb 0.06 260
Howrrlowa repads [ O &) 299 0 04 1.87 026
Rlack prams w 1.10 454 0.0 1.64 A0
“ (1] 0 (4] ] [+
N 1.%0 O 0.02 nKr a7
Averape 0.0 003 1,48
Rowtelous praceiis 4 1.10 420 Q.06 2. M 1.4
Rlue prama W 0.94 3.9) 0.16 &%) 2
b (1] 0T 0.0 0.M7 O.X3
hal } 8N 6.10 0.10 4.3% 432
Average 1.0} y 0.0% 3.4
Howwaas seetorumn F 0.004 nne 0.04 1.7 0.4
Cheatprast W 0 0 [] 0 0
hY 0 0 0 0 0
N [+] 0 Q 0 0
Averspge 0.001 0.0 020
/ yerui phismd e [l 1 [1] 1) 1] (1]
Wolttasl W (1] [} 0 0 0
b 1.70 670 (.08 A ol 5 m
N o N0 9 0% 0.14 6.0 Tul
Average 1.1% 0.06 ’L;\
Seryaitrum nutant E 4.10 17 43 0.22 .66 13.05
Indian gram W 4] {} n 0 [4]
N 1] ] 0 0 0
h (1] [{] 0 o) 0
Average 1.04 0.06 26
Spornbelias 8. ¥ .60 354 0 06 2.3 244
1)rnpaced W 1.02 .26 0,12 4, M8 457
h) 0.17 0.6% 0.14 6.09 337
N .30 1.02 0.08 344 )
Average 052 0.10 A6
FORBS
Artemunia carruimi £ 215 Q.12 0 4b 18,11 13.62
Curruch wormword L4 4.14 17.26. 0.5 20,32 18,79
5 7.32 2N N3 0 6 2783 2H.3%
N 2.32 TN 0,18 TR T.HS
Average A.9H 0.45 17.1%
Artrming £ 30 9.79 0,16 629 8,04
dramenculus
Faler rarragnn W 2492 1217 0 2 10.97 11.37
N & 0} .00 0.4b ). X4 00
N 0 ) 0.0% 006 2.6} 2.2
Averape 3.1 24 11.1%

Qid-Fleld Plant Succession on the Pajarito Plateay




Table Fal (cont)

SPECIES TRANSECT | COVER (W) | RELATIVE | FREQUENCY RELATIVLE DOMINANCE
COVER FREQUENCY INDFX
FORBS
Hame dusecra | °] 0 0 0O [:]
Wild chranthemum | W [s] 0 0 1] [
hi 0 0O 0 0 1]
N 0.002 0.007 0.02 OX7 ) dab
Average 0.001 0.0 all
Caprrila bursa. E 0,004 0.02 0.04 1.57 080
roviz
Shepherd's pune W 0 0 0 0 (]
h) 0 [e] 0 4] o
N [ 0 0 O o
Average 0.00) 0.01 0.20
(Choviapice folsma ¥ 2.20 92.4% 0.16 ] 7.
Leafv polden aner W 0.5 226 0.14 5.67 97
S 0.94 270 0.16 . h%"
N 200 1%, ] b 15.30 .0
Averspe 1.42 0.1% X
Friperan flageilar ¥ 0.%0 pPAL) 0.0 345 4 G
Spreading fleabane o/ 0 0 [ [5) [
S 0.50 1.97 0.02 147 1.42
N 0.0 0.0 002 ONT [\ erd
Average 0.50 0.0% 1.
Crutrreetsa tavesimar | P 0 O [} O )
Snakmwerd w [ A 2IR 0.08 325 1.n
h [4] 1} [1d 1] 0
ad 1.4 5. 4% 0.2 9457 T Ads
Average 0.4 0.08 >y
Hymenoxys L G.10 0.4y 0.02 052 o581
richardionsi
Dingue v 0 40 126 0.04 1.63 1.44
Y [ (4] [ 0 o
N 0.02 .07 a02 [:}.24 047
Average 0.11 Q.0 ans
A risisvus spm. [ 0. % 1.0% 0.0 2 M 1%
Swertclover w 0.5 135 0,04 1.63 1 .44
N (4] 0 [ [1) (1]
N 0 [ [+] 0 0
Average 0.1% 0.0% QX
Cxbapins lineary F 0 0 [4] [1] )
Devere four o'clock W 0.002 [181.4.] 0.0? LR 042
S 0 1] 1] 0 [+]
N 0 0 [ 0N 0
Average 0.0004 0.0 0.11
—— k. 0 0 o 0 )
Flax X/ u.002 €1.00m 0.02 0.x1 041
S 0.00F O OOk 0,02 0.8 Q.44
N [ 0 1] (1) O
Average 0.001 0,01 Qa1
[ o cavdiars F 0.60 .56 0.14 48] 4.3
[ upine w 0.%4 2% 0.10 A 06 Atk
hY 1R, 3 424 0.10 4.4% 4 7%
~ 0 0 0 (4 174 Tt
Awerage 0.%4 Qa.ig .04
[ k 0.004 0.02 0.04 147 0D
Evening primrose W 0.40 1.67 0.04 1.63 TAS
b3 O 0 ] [+ [+]
N 0.1 141 0.0 1LTA 1.07
Average 0.1%} 0.0% O.X%
Vicw amercana F 01% .55 0.14 %.5) 304
Ammencan verch W 00 0 0% 0.02 oxl 0.4%
b 0aG2 1.0 nox 0X? 047
N 0.A2 1.0M Q.14 L0%9 449
Aversge 0.12 0.08 149
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Table F-1 {coni )

SPECIES TRANSECT | COVER (%) | RELATIVE | FREQUENCY RELATIVE DOMINANCE
COVER FREQUENCY INDEX
FORRN
Verbairum thapive 4 L] [} [ f 0
Mullein W ) 0 0 0 )
b 1.%0 PAL [{YIYY 1.74 4.41
N [( [t} 0 0 O
Average 045 0.01 1.10
| Vigwserd spD. B 0 0 0 0 )
Coldeneve x 0 [+] 0 4] [
S 0.02 0 0.02 O N7 0.47
N ) 0 [{] 0 0
Averspe 0.01 0.01 .12
Frigeoon tiaeellar o [0 0 0 0 0
Spreading fleabane W 0.20 0 X4 1. (i 1.64 1.24
A 0 a 0 0 0
N [ [1] [¢) 0 [e]
Average 0.0% 0.01 0.3
Erprrom 3pn. £ 0 0 [1] 0 [1]
Eleabane dairy % .10 .42 .02 0.K1 0.61
h 1) 0 0 n 1)
N [¢] (1] [1] 3] (1]
Aversge 0.03 0,01 Q.14
SHRUHRSTREES
Chryrathammer k 02 0,94 u,ue 230 Lod
RAuitrorul
Chamies L OHny 0O 002 0.x1 {1 4%
5 0,%0 1.97 n.n2 0.87 1.42
N 1) D [1] 0 [*]
Average 0.19 0.0} 0%
Fallupra paradmae b 1.00 4.5 0.02 0.7 282
Apache plume & 0 0 [1] [}) 4]
hS 1] 1] 0 0 [i]
N 0 0 [i] 2] 0
Average 0.2% 0.01 063
Old-Field Plant Succession on the Pajarito Plateay (3
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Appendix E
Tahle Fe1. Phvtmacinlwnical dara taken in 1063 for Field 3 (Fiberp Field) bv rrancect.
SPECIES TRANSECT | COYER (™) | RELATIVE | FREQUENCY RELATIVE DOMINANCE
COVFER FREQUENCY INDFX
GRAMINEAE
GRAMINOIDFS
Sehntachyroum L 1.0 473 0.04 1L.M9 AN
scoparing
Litrle bluestemn 4 0.10 082 03,04 1.71 1.01
h 0 [1] O 0 O
N 0 0 [ 0 (1]
Average 0% 0.0 1.0%
Rewtelous oraclis E & 401 3 0,42 1981 2% 0\
Hiue grama X .92 268 0.(x 24,00 e
b X0 A8.27 0.5 IS G4 A O
N 4.4 1505 .4 15.1% 166
Aversge T 0.52 2448
Hrmetus spn. f. 1) [ [i] a 0
Rrome w 0 0 0 3] [1)
S [¢] 0 4] 0 (1]
N 1 M0 “87 0.\ 11.36 o G
Aversge 4% 0.08 224
Conadon dartyion E 0.10 O.4% 0.0 1.9 1.18
Bermuda grass w 6. 54 20.2% 0,32 1368 16.9%
S 0 0 0 0 0
N [ 0 0 0 [
Avera gr 1.6b6 0.0v 4. 54
Munlembergia b [4] 0 [*] [} ¢
nantdng
Mountun muhly W 0 1) [i] [{] 0
5 0 (] 0 O [1]
N 0.002 0.007 0.02 0.80 0,40
Averspr 0.001 0.01 0,10
Sitanson brpitror r 1.70 .04 .22 10 4 )
Hottiebrush w LS %74 0.44 1808 1227
squirreleail
h Pt 9.62 (3,26 12.04 110D
N [4] 1] 0 [+] 0
Average 1.49 028 R.O7?
A peendunivs spn. 3 0.%) 1.4% 0.0% 177 .60
Diroprend W 600 1457 0.06 2.9 1087
b .20 LA 0 04 1.0% 1.33
N fi. 10 (). A .00 0.7 133
Aversge 1.65 0.06 3.9,
FORBS
Artemusa carrathin ¥, 0 0 Q 0 0
X/ ormwood W 0 [1] 0 0 [+]
b 0.14 0.7 0.0k 4,70 1.14
N 0 N 0 4] 0
Aversee 0.04 0.02 079
 §
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Table Rl taonr)
SPECIES TRANSECT | COVER (%) | RELATIVE | FREQUENCY RELATIVE DOMINANCE
COVER FREQUENCY INDEX
FORBS
Arteming Lk 020 0.9 0.06 243 190
dr, s
Falee tarvapon v X% 14.%) 0. % 1453 1447
b .04 1.62 0.10 463 12
N S.0M 1%.9% 01.52 19.70 19712
Avetape 1.99 0.6 Q.54
Artroniia indmncsana | b
Louniana W
wormwond
b 0.20 LR Q.16 2.7 1N
h
AveTape 0.0% 0.02 04d
Actrw sy } [4] 0 0 0 0
Aster N 0 - [1] 4] [1] 0
b ({] [ 4] 0 o
~ .40 bl 0 04 182 149
Avetage 0.10 5,01 03"
Astvapaiut o, F. 0,30 1.44 0.0 A7 1.61
Milicwetch X a2 .06 nnz Qx5 X3
hd 1.10 A4l O.14 ndM )
~N [+] 0 (4] [ 1]
Average 0.6 a0 1.a%
Caprriia dursar k [ [C 5} o [0
toryy
Shenherd’s pure L4 0 [} [ [} [+
5 4] O (1] [1] [e]
N 00 03T 0.02 0.76 0 %5
Averige 0.0% Q.01 Q.14
Chrpapri talima ¥ ET 1572 0.44 0TS 1424
{ £afy poldrn ey o N2 874 1.6 11.13 an
A 1.0 &H00 0.10 .63 |42
N (1P 35N 0,24 9.0m H 3%
Averape 213 ] 0. 9.9
Lravpuerany sty |4 n [1] o 0 [\)
Rucirehest ' 0 (1] O [»] O
S 0 O ] ] [+d
N 0.20 Q.7 .04 1.2 1.12
Averspe [+X:pd 0,0} azx
Crutrrvretss rovetivar | F. 4 30 oY) 0% 13 1R.00
Snakeweed X 002 O.06 0.02 RS Q.4
b 3.60 14.42 0.4 12.96 14.96
N 2.00 7.5 016 6.0 H69
Average 26! o.19 TR
Hywnpnaarys E a.10 0.47 0.02 0.94 on
YL ]
Pingie X/ 0 0 [ 0 [s]
hy .10 a0 0.02 0.9 O v
N 0.02 n.ov 0.0 0.76 042
Average 0.06 0.02 015

Qld-Field Plant Succession on the Pajarito Plateay
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“I'able F-1 (onnt,)

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

FORBS
H) ARADP L S, | 0 1] n 0 0
W hite ragweed W 0 0 0 0 [1]

h 0 0 0 0 Q

N 0.50 .80 .02 0.76 1.0

Averape 0.1% 0.01 0.2
Lappuia sDD. 3 0 0 0 n )
Stickseed W [{] [+] [}] 0 0

A 0 0 (1] 1] O

N 0.002 0 007 00 N7& O.AR

Average 0.001 Q.01 .10
Lathosprrmum E 1] 0 v 0 1]
milniflovum
Puccnon W 0 [} 0 0 ]

S .10 .40 0.20 .03 0.0y

) 0Hong 0.007 N o002 0.76 0.5%

Average 0.026 0.041 ol
Lupnns cavdatius K 0.%0 ] (12 b 4.0
lupine N 010 0.4 0.02 QNS 0.5%

S 0.10 0.0 0.02 0.93 n.66

N 0.42 1.17 0 06 227 1.72

Aversge .26 0.06 174
Melilotus 0. | 0.10 0.47 0.02 0.94 0.71
Sweetclover W 0.20 0.62 0.02 0.4% 0.74

b [1] 0 0 0 1]

ha) 002 aov 0.02 0.76 042

Average 0.0 0.0 w
{Jemathera A, k. 0.20 .00 Q.06 2R3 1.9
FEvening primrosw W 1.0 .71 0N LA 357

) (.10 0.40 aar a4 0 b

N (1.40) 1.4 0ty 227 147

Averape O.48 0.06 =
Drraimtewmem spp. ¥ 0 {0 ) 0 )
Prarwe cirwer w (i} 'O [«] [} 0

b 010 0 40) onY 098 (1Y

N [ L] [ ) 0

Averapr 0.0 a.01 017
Diantage purin E ] [ [+] [+] 0
Waollv indian wheat | W [1] 0 0 [») 0

h 0.10 0.40 any 0.9% 0O bk

M (1] [+ 0 ) 2]

Average 0.0% 0.01 0.17
Senevse Lowpra E [4] 0 [1] 0 []
loangleat butterweed | W [+] [}] 0 0 [+)

) 110 A4} 0 (s 27K 3 4)

N 1) i) 0 [ 0

Averagr 0.2% 002 0%
Sphdrraicrs spm, ¥ [i] ] 0 1] [4)
Glohemallow W 0 [} 4] 0 [

b n.2n QM0 10 04 1.M% 1.A%

N 0.%0 184 N A 04 48

Awerage 0.1% 244 05
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Tahle B-1 fcont )

SPECIES

COVER (%)

FREQUENCY

RELATIVE
FREQUENCY

DOMINANCE
INDEX

FORRS

T helrip prmg <0n,

1.X9

42

G reenthrewd

4]

(}

K
[1]
L
0

0

0.3%

0).%

0 4K

0

0

0.47

vy ]

0Nl

SHRUB/TRELS

Chrysmthgmnui

LI

K4

Chamisa

Old-Field Plant Succession on the Pajarito Plateau
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Appendix G.
“Tahle G=1. Thviowncalomeal data pken in 1982 for Field £ (Chupaders Furld) by tramecr
SPECIES I TRANSECT | COVER (™) | RELATIVE | FREQULENCY RELATIVE DOMINANCE
COVER FREQUFNCY INDEX
GRAMINEALE
LGCRAMINOIDES
\ wintacipriuen k 0 o ° [ 0
APy
Livele hivestem W 0 [1) 1] 0 0
N n n 2] 1] 2]
N (18] 0.4 ang a9 ['34
Awerapr 0.1 a0y 1%
Reuitioua pranin F pol TNt .04 199 4>
Rlue grama w PRI &L D 0.9 & 4 AL
h 1009 655 0.76 5K D 51.3%
b 11.0 A2 X 0.4 41.6 ™
Averape ) 086 0.5
Muhirnbergia E 4] o o [+] [}
ol ang
Mauntain muhbe W [1) 1 1] 1] 0
) (] 0N 0 n (1]
N a0 Ni¥ nny 049 0N
Amr no an) Nia
Setawiww bpirvyr ¥ any any any 1K] nY
Bordebrush w 4] 0 [+} 0o o
squirreltail
h (L] N 0 a H
) 0.02 0.0% 0.0 0.9 H4
Averape o0 .01 0N
Sprrainpius spn. ¥ O Ot 0 0 0w pa 1.4
[Iropseed x 0.5%6 19 0.08 1% e
S .04 0.1 0.04 X0 1.1
N 0 0 O 0 H
Awerspe 017 (X1 1.3%
+ FORRS
| Artremiie ¢avratin | 1.0 3.4 [\ HR 5.1
¢ Carruth wormwnnd | W S.b 19.1 04 19.3 192
t h 5.4 176 0.4 220 aN.A
1 ~ 6.9 .2 0 AR 16X AN
! Averape 472 0.4 16.9
| Artemigsa E o2 P 0.12 5. A9
| drarumendur
' balse tarrapnn e 0.42 1.4 0 MG ot 2.0
' “ 1.1 0.4 0.02 1.0 07
! N 142 1M 0.0 L. 1B,
Awvers e 0 A4 0 (% 2.1
o Chrnopadium ann. } 0.1 0% (.14 6.0 AL
- Lamb's quanen i 0.0t a. 0.0 26 1.4
) h 0.46 1.% 0.4 S A2
: N 0.14 0.6 0 (v 2.7 1.4
! Averspe 019 0N () 2.8
| Chrpnpais tnlsma s 0 0 0 Q [1]
| Leaty polden aster X [}] 1] 0 0 0
] b 1] 0 1] 0 (]
] ~N 1.6 5.6 0.18 .0 T3
i Averape .4 0.0% .5
| Crapantha jarmem E. 0 0 0 0 0
| Hiddentiower h4 (1] 0N 0 1) [*]
! h n.2 0.7 0.04 2.0 1.5
N 0 1] ] 0 0
Average 008 0.01 0.43
Descuraims 1p0. t 0.02 0.07 0.02 0.9 0.%
Tanwv-mustard W 0 0 0 0 0
h [1] 0 0 n a
N 0 0 [A] 0 0
Average 001 nnl .13
90 Ola-Field Plant Succession on the Pajarito Plateau
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“Table Gal fcont )
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L B ¥

+y
al
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D

SPECIEM TRANSECT | COVER (W) | RELATIVE | FREQUENCY RELATIVE DOMINANCE
COVER FRFQUFNCY INDFX

FORRS
Fragomum cormmem | F 0.1 0.s 0.14 (X0 A2
Bucirwhest w 42 1.4 LX) N 2%

b 0.4 1.4 01N ) 5.2

N 0.04 0.2 0 04 1.K 1.0

Averape 0.2% 0.12 Al%
Gailiavdia pulchelia | | [ n 0 0 [
Firewherl W 0 ] 0 0 [}

hy 0 0 [{] 4] [+]

™ 012 0.9 0.0 1 R 1.1

Averape (.08 0.01 O
I pamatiss AP t 0.02 0.07 0.0 09 04
Gilia W 9 0 [4] 0 0

hY (1 [*] 0 1] 0

N 0 1) 0 0 i)

Aversge 001 au 013
Cosdia lampitivea ¥ 0
Hive miin X 002 06z 002 no 0%

b 0 0 (1) 0 (1]

N .06 0.2 .06 -0 1.4

Awverape any 0o} 1.4
Helsanitrm bk 02 [+F] 0.0m 34 A

fatd

['rane clover L4 a0 0.2 Q s T {4

A O 0 [{] 0 1]

N 1] 0 0 0 1]

Averspr 007 1 O Q0
Haplrpappus b a.! 0.3 0.1 4.3 =3
spawrnlirur
Spiny gokden aster W 0 O 0 (] ]

S 0 L1 0 0 [

by 0 0 0 0 [

Averser 00 0.0 0.\
LA Pl ST, F 0.4 1.0 Y] A 29
Stickwed w 0 4] [ 0 1]

4 0.% 1.7 0.04 40 pd.d

N [ 0 1] 0 O

Awrra e 0% 0 (% 14y
Momards pectvnatd F 0 0.2 O 0y - {.&
Poevrmint W 0.02 aor 0,02 0.4 0%

Y [4] 0 (1] 1) O

ha [{] 4 0 0 [

Avrrapr 0.02 0.02 0 Ax
Clomathora v ¥, (3} 0 0 (1) [s)
Fwerming nnmrowe w ony nnr ang O G

hJ 0 0 (3] 0 [+

bl 0 0 O (4 0

Averape nol 00| 018
Pt anguiniolu A 0n.02 .07 0.0 09 0
Fetid manpnid W [{] [ 0 [ (1)

b 0.02 any any 10 a%

b 14 0 o] 4] 0

Awerape 001 0.0} 0%
Fomripwmae s vvn, [ 1) 0 [ [ [
Beardrongue W 0.04 a1 0 O 1B 0%

b 0 Q ] (1] [*]

~N 0 a ] o 0

Averape 0 01 N0t 0.y
lliamiage porrhe £ 002 6.07 0.0 09 0%
Woolly Indian w o a 0 0 o
whest

S O 0 [+] (4] [

N o 0 [} 0 I

Averyer anl 0.01 1013

Qid-Field Plant Succession on the Pajarito Platsau




Table Gl (cont)

SPECIES

TRANSECT

FREQUENCY

RELATIVE
FREQUENCY

DOMINANCE
INDEX

FORBS

Salsola kali

Ruseian thirle

J

Tragapapon dumu

Coetibeand

~d

slaf2lzl2lolz]e]lo
b

=2
—a
x

Views americana

Amencan vetch

SHRUB/TREES

Chrysuthammut

Thal ue ) POV M4

Chamise

Jumiperw
mant T

Oneasend iuniper

Old-Field Plant Succession on the Pajanito Plateau
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Appendix H.

o

‘Tahle H.1, Phvinaocinlogical dara takiem in 19R2 for Firld 5 (Dumice Mine Field) tw mansner,
SPECIES TRANSECT | COVER (™) | RELATIVE | FREQUENCY DOMINANCE
COVFR INDFX

GRAMINLEAE
GRAMINOIDES
Arirtida spp.

T hreegwn

HAR SN BT 1

J

-

}oo

Anitida dinavvarra
Powerry three-aom

[ vevus phisardr
\Woltrail

Munlembrrnia
ANl and
Mountain muhiy

Munres iguarsia
balse buttalo prau

Sitansan burror
Bordebrush
squirrelrail

1sla]=lulelale
e

Hloalx i el

FORHS

Ariemune
Ararunculur

False tarrapen

o
h

>

Old-Fieltt Plant Succession on the Pajarito Plateau
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Tahle Hal leane)
SPECIES ) RELATIVE | FREQUENCY RELATIVE DOMINANCE
COVER FREQUENCY INDEX

FORBS
Artemitin trigids J 0
Farahara

0
[4]

PRI « P30 000G e L)

Rania dinecra
Wild
chrmanthemum

Chrosmpodyum st

lamb's quartrn

Guisrrrrss
L rdvarhvar

Snakmwend

}
|
+ Corypanthe mytare
) Pincushson cacrus

v

H
+ Opurrng snn,
1 Prckiv near cacrus

| Qpuntra imbvicata
Wallung-stick
chnlls

Ola-Field Plant Succession on the Pajarito Plateau




‘Table H.1 {cont)

SPECIES TRANSECT | COVER (W) | RELATIVE | FREQUENCY RELATIVE DOMINANCE
COVER FREQUENCY INDFX
FORHS
Saliola bals F 10 &Ll 0.14 7.7 6.9
Russian thistle W/ 0 0 0 (1] 0
hY 1] {} n [¢] 0
N 0 [1] 0 (1] 0
Avertuge 0.25 T 1.7%
Sphevalies 1D, E 1] 0 0 0 0
Cilohemallow W 0 0 [s] n 4]
b 0 0 0 0 1)
N 00 0.3 0O 06 + 1.6
Avetupe 0an2 002 04
Trapopngen dubru [ 0 {] 0 n 0
Crovatsheard W 0 1] n n ]
b 0.02 0.1 (1.02 1.0 0.6
N 0 0 [s] [1] 0
Average 0.01 0.0} 0.1%
SHRUBRS/TREEN
Chrysathamnms N 0.4 ] 0.06 3 LY
"l ioRIuI
Chamiss F 0 0 0 1] 0
i 4] 0 0 0 0
S 0.1 0.6 Q.02 1 04 15,3
N (4] 0 [4] [1] 0
Averspe [t 2] 0nr N.b
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Appendix L.
Table 1«1, Phvtemacinioncal data taken in TAR2 tor Field 6 (Semns Field! by tranwect,
SPECIES TRANMECT | COVER (%) | RELATIVE | FREQUENCQY RELATIVE DOMINANCE
COVER FREQUENCY INDEX
GRAMINEAE
GCRAMINOIDES
Apverty sh. = 0 0 0 0 1)
Redtop W 0 n 0 0 0
ha (] 4 4] (1] [
h 3, %) 11.82 0.14 Sy .60
Averager 0.8} 0.04 214
Houtriowa pracrisi F. .50 N7 022 7.9 1AM
Riue prama W 1.10 .94 0 Ok 244 22
~ 0 [ (1) O L4
h [4] 0 [4) Q 0
Averape 1.65 0.07 A5
Frowwsss 1ovtovumy |9 0.10 0. 48 0.06 15 | 118
Cheateras W .80 4 42 nny HEE LY
h3 (1] 0N [1] [1] [1d
N 0 0 0 0 ]
Average 0.y 0.0 094
Cynadon dacrvion E ] 0 0 ] [
Rermuds erae W 0.20 1.0 nod [T 0o
hY 0. %0 | 77 0.04 1.6 1.72
N 0O 1] 0 0 [1]
Aversge 0.13 0.02 0.67
Panicum capliare E 0 0 3] 0 [1]
Xirtehprase w 0 0 O (L] 0
h 0 0 4] (1] (1)
™ 0002 0.007 002 N He 042
Average 0.001 0.01 0.11
Pas snp. ¥ 0.30 1.11 0.04 1.2 1.2
Bluegrass W 1] 0 [ 0 0
S [t] [1] 0 0 1]
N 0.3 1.02 0.02 .84 09s
Avernge 0.1% 0.02 Q.54
Sperebeiu L -2 072 0.62 20.33 15.63
tamdr)
Sand drpseed W 0.1 1.0% 0.24 092 544
hd 0.1% 1.0 014 4.M4 A 4h
b (.47 1 62 0.2 1092 LHT7
Averape 0.94 0.32 7.7
FORBS
A howisa spn. | 0.002 0.007 0.04 1.32 067
Rapweed X/ 0 [ 4] 0 [}
b (] [ (L) (1] 0
N 4] 0 0 1) 0
Averape 0.001 0.01 0.17
Artev spp. [ 0 0 0 [+] [s]
Aster W 1] 0 0 O 0
b 0.2 47 n02 .%4 }.0
N 002 0 007 0.02 .54 042
Avetage 0.0% 0.0} 0.%
Artemisia carruthn | F 5,48 21.82 0.58 19.21 20. 3
Carruth wormwood | W .22 A4, 39 0.56 23,14 3377
5 .24 A2 [ J9.N8 AT IN
N 1¢).40 35.067 0.70 20.41 2254
Average .09 0.62 30.596
Artemine E - 922 N4 1039 991
drarunenlur
Fajwe rareagon W 3.1 14 14 () 4% 14) X4 17.49
\ FYH M 060 29.00) 2h 60
N 14,40 42.5] 0,58 24,37 AN.44
Aversge 613 0.50 21838
96 Old-Field Plant Succession on the Pajarito Plateay
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Tahie -1 (cnnt)

SPECIES TRANSECT | COVER (%) | RELATIVE | FREQUENCY RELATIVE DOMINANCE
COVFR FREQUENCY INDEX
FORAS
Arteeng rimds |4 7.40 27.26 0.32 1046 1M93
Fatahara X/ 2.00 10 80 012 4.% 7.
5 0 n 0 0 1]
™ 0.%0 1.7 0.06 282 21
Average 2 4R 013 T3
Chemnpodium E 0 o 0 5 0
Yondlovi
Lamb's quarten X/ 0 13 n 0 4]
h 0 [1] 0 0 14
N 0,10 ), %4 ony 0O M4 0.59
Average 0.0% 0.01 014
Chrmepns talived | 0.0 -57 0.12 397 AW
Conldenwend \ 082 444 .12 4 Wy 445
b 010 {1 5™ nne 0X4 0.7}
by axy a7Ts ) O 1.6% 1.2
Average 0 AL 0.0% pd
Frisenmusm crenuum | F 1] 0 [} 4] [+)
Nordding huckwhesr | W 0 0 O 0 o
h 0.4 343 (1] 124 N.N3 2R
N 0n.20 e 00m A W 20N
Average 0.20 0.0% 10%
Haplopappur k 0.92 39 pad Tt P
:pnnn'uw
Spinv goldenwesd | a.10 0.54 aa2 0OX3 N e
> 0.004 0.02 0.04 | v QRS
N 0 0 0 [ 0
Average 0.2% aar 1.
Luprowl caudaians T, 0,70 L) [0 b6 Atv)
Lapine X/ 0.4 433 0.26 10.7 PA
hY {1 %4 475 0.16 Y3 A1
bl a.10 0.4 0az (). n4 0%
Average 0.61 0.16 454
Mangrda pectmate | 0as 0.10 012 397 0h
Porvenine X! 0.12 0.6 O O 248 1.5
b 0.0 1.19 0 06 250 1.N4
N [ 078 0.16 6727 S
Awrrsgr 0.1% 0.10 2.
rmathera st E (1) 0 0 [ ]
Fvening pameoae 4 1.%0 7.0 0, M) 1239 921
b 0. 513 0.26 0.3 o7
h 0. %4 1% 008 A A > 60
Aversge 0.64 0.16 | 407
Sphevalira v, k [¢] 1] [4) 4] } O
CGlobemallow x [1] 0 0 [ t QO
b 0.004 0n.ox 0 O 1 ouly 0Ox%
N 0 0 [+ [+ O
Average 0.001 0.01 0.1
Vinia swmencans | 0.8 0.4 .16 iy A07
Arnerican wetch W 0.23 } 4 0.16 661 192
A 0.8 1 .84 0.26 1043 634
b 0.0% 0.16 0.1 S0 260
Average 0.21 0.18% LoH
Unknown ¥ 0 [1] 0 [} )
W 0.02 0.11 002 Ox3 0.47
S 0 0 0 [} o
N 0 (1] 0 )] [s)
Average 0.01 0.0} 0,12
Old-Fiald Plant Succession on the Pajarito Plateau 97
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Appendix J.
Table 1.1 Phvtenociolopical data taken in 10K for Feld 7 (Montova Field) by rransecr.
SPECIES TRANMECT | COVER (%) | RELATIVE | FREQUENCY RELATIVE DOMINANCE
COVER FREQUENCY INDEX

GRAMINEAE

GCRAMINOIDES

Agraitu apb, | 0 4] 0 0 a

Redrop % 0 Q 0 0 0
S 0.10 0.51 0.02 0,71 0.6}
N [o] [ 0 0 0
Average 0.0} 0.01 0.1%

Arisnda apn. ¥ 0.3 0.70 O.06 .26 1.48

‘' hree-awn w 0.10 0.52 0.02 0.91 0.71
b3 1.50 7.66 0.10 4.7 262
N 0 [{] 0 0 0
Aversge 0Ab 0.0% 194

Houteloua gracilss I 10.9% +4.9% 0.74 2702 a1.a7

Hluf_spmn W/ 470 ).y 0.62 e BE] K491
h 4452 2414 0.42 1%.00 19 0
N .74 44.10 O.86 45,96 ¥ 0N
Average 698 0.6 2999

Muhirnbergia E 0 0 a o 0

mantdng

Mountan muhiv ' 1.00 N33 0 06 27 5.5%
S N.R6 4 30 0.16 4.7 .0%
N 0.40 2.5%6 0 04 1.63 =10
Averagr 0.72 0.07 317

Fod spp. [ [0 0 0 D [

Hiueprass W ) 0 o ) 0
h 1] 0 n N 0
N 0.30 1.92 0.04 1.6} ked
Aversge 0.0% 0.01 044

Mtanson vy [ (i Y N7 [ X¢,] A0l 1.59

Bottletrush w 012 a62 0.04 12 1=

squireeltail
hd 0.22 1.12 0.}4 5,00 A.00
N [¢] 0 [} 1] 0
Aversge 0.1% 0.07 3.

FORRS

Arromniis (arrutive [ 7. 2N A0 1.9 by M MY Y

Carruth wormwond | W 7.92 41.20 Q.80 N e )
5 4.16 21.2% 0.6 14 21.70
~ %02 2570 0nn2 ATAN $1.54
Average SM6 O.M3 30. %4

Artemia E 0.64 <04 0.00 A0l pAS

dracuneulu)

balse tarrapon w 0 64 3,38 0,10 4,55 3,04,
S .44 pdny) 0.08 B 5%
N [1] 4] 0 0
Aversge Q43 0.7 pangd

98 Oid-Field Plant Succession on the Pajarito Plateau
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Tahle l-1 feont)

SPECIES TRANSECT | COVER (™) | RELATIVE | FREQUENCY RELATIVE DOMINANCE
COVER FREQUENCY INDEX

FORBS
Batia dusiecra E 0 [ 0 0 0
Wild W 0 0 0 0 0
chrwanthemum

b 1.10 0.51 0.02 n.71 0.61

) [{] 0 0 1] a

Average 0.24 .01 0.1%
Caitilima antegra k. 002 0.0 0.02 0.7% 0.4l
Indian paintbrush g 0 [ 0 1] 0

S [4 0 0 0 [\]

~ 0,10 (1.0 n.0} .41 0.7

Average 0.0% 0.01 0.29
Chenatiodim s, |4 (XL 0,13 .04 1.%0 NN
Lamb's auaren & 1) n 0 4] )]

h 0 1] 0 0 (4]

™ (] {} 0 0 1]

Average 0.01 0.01 0X1
Choypropiss folima ¥ 0 1] 0 0 2]
| £aty polden aster W 0.24 1.2% 0.06 773 1.99

b 112 5,72 0.16 4,71 ¥

N [t] 0 0 0 0

Average 0.34 0.06 1.93%
Frpoven pp. [ 014 045 n.16 2.6 1.4%
bleahane dairy ¥ [} 0 0 [4] [1]

h .10 0.4] 0.0 0.77 0,59

N 0 [1] 1] a 0

Average 0.06 0.0% 0.49
Jrippomum spp. l- 0.10 0.32 002 0.7% 0,54
Huckwheat v 0 0 1] 0 0

b 0 1] 0 0 0

N {1.44 2N 0.20) LAE) 547

Average 0.14 0.06 1.5
Coudra spp. b .08 0.26 0.08 3.0} 1.63%
Mcarler bee blowom \/ 0 u 0 0 0

h 0.24 1.2% (LR 2. 86 204

~N 0.02 .13 .02 0.%1 0.47

Aversge 0.09 0.0% 1.04
(osstereersa savathrar | B 1.00 1.19 014 5.26 4.0
Snukrweed W 1.02 4.3} 0,12 4.4 530

h 11X 6.0% 0.14 H.4Y 6.7

h 0.30 1.92 0.06 2.44 TIN

Average O.NR 0.1% 4.51
Hymmery |3 G.l4 0.44 0.06 b 1.3%
rithavdiamis
Pineue X/ 1.40 9.37 N.3%0 13,64 11.5%0

b R, 4M V2.7 042 1%.00 16.39

N o 3 14.71 026 1%.47 12.64

Aversge 1.9% 020 10.47
Fvmions pa Pt ADD. F 0.12 1, A 0 04 1.%0 .94
White rapweed X [ L] 1] 0 4

A 0,04 0.20 0 04 145 NN

N 0 0 0 0 n

Averagr 0,04 0.02 0.44

Qlo-Field Plant Succession on the Pajarito Plateay
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Tahle 1.1 fcomr)
..
SPECIES

RELATIVE
COVER

FREQUENGCY | RELATIVE
FREQUENCY

FORHS

Mehlotus snp,

]

Swnper clowver

0

0

0%

pa )

(1]

Jiansapw puriim

Woolly Indian wheat

Toelesperma

trifidwom

i meenthresd

SHRURS/TREES

Jumiperia
N e,

One-serd 1uniper

SHRUBSTREES

Clurreus pammbris

sambel osk

Old-Field Plant Succession on the Pajarito Plateau
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Tahle 1.2. Phvimacinlogical data tuken in 1993 for Field 7 (Montovs Field) be traneecr,

SPECIES

TRANSECT

COVER (W)

RELATIVE
COVER

FREQUENCQY

RELATIVE
FREQUENCY

DOMINANCE
INDFX

GRAMINEAE
GRAMINOIDFS

Agrepyren s00.

Wheatprass

Andronace

reptentrionalic

Rack ismine

Anithda angirts

Three-awn

Bowirioua pracilis

Hive yrama

Mublrmbergrn

Mountain mubly

'na tendlem

Rivegrsa

Sevaria .

Restlerrass

Mlawion lrwivar

Bottiebrush

squirreltail

Elyras canadensis

Canadiah wildrve

FORBS

Antrmaria

srfalia

[*Laryursm

Artennit carrulveg

Carruth worrmwend

Chrnaprr telma

L ety polden ssier

Chrpapir milne

Cnlden wter

Lrigeran diveverns

). M}

Fleahwne daev

0.2%

Grindeisa
aphanactis

[+4

Crumweed

(1.40

Guherrenia
1arathrar

03

S akmweed

1.6

1.0

Jramirria ApD.

0.40

Rapweed

0

Helianting
_prtincari

LD

Draire suntiower

0

0 %N

Qid-Fleld Plant Succession on the Pajarito Plateau
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“Table 1-2 {cont)

SPECIES TRANSECT RELATIVE | FREQUENCY | RELATIVE DOMINANCE
COVER FREQUENCY | INDEX

FORBS

EWTS N PRARIR

0 0 [}

%
o

richardionii
Pinple

By

Ipemoncys apprevdia
Sarler rrumpet

1R S W

£

Molilotus alius
N hite eweet clower

Melilanu sWitinalis
Yellrw rweet ¢lover

Mebists spp.
SNweer clover

Larmemy
RATTOTiCa W
New Mexico Hax

Solsmion 40D,
Nightahude

Thelesperma
trifidrvemm
Correnthresd

Taraxicum
afirinale

Crmmaon dandelion

Verbairum thaprus
Mullein

Unknown 1

Unknown 2

Linknown 3

Otd-Field Plant Succession on the Pajarito Plateau




Appendix K.
Table Ko1  Phvicnacoloeical Gta 1aken in 19X Tor Fwld X iMoo v (orey ek
MPECLED FIELD COVER (") | RLLATIVE | FREQUENCY RELATIVE DOMINANCY,
COVER FREQUENCY INDYX
GRAMINEAL
GRAMINOTIOFRS
APPnsne S ] ¥ 0 ] 10 3] n
Rediop i W 1 [ [Ki] n "
Ty 60 26 X 1020 Y Y 1T
~ N 1 ' 0 n
Averwer 1,h% 10 4,37
Andrnpapnn JO0 F 1] (1] K1) [i] 1]
Whentrmes, W {0 n 1D + [
~ 10 o " 1) [1]
N 1 O 1211 noz 1 Oy 1 W%
Averape 0.0% n.01 .40
Amshido harbatue + 0 (} [{] 0 1]
Hoverry three-awnh w 01 40 t 92 XL R ) o
8 [} 1] [ 10 1}
~ n " 4 (K1} 0
| Aversoe 0,10 .48 [XH 0,48 0,47
Hnuteliun grociite + 100 17T n i % 24 1teon
Hive prama W i 4 At "N Vi & i
\ N M (1A our a7 O e
N 426 (2 KL.d 07 ) i 54
Averape .67 0,21 1T
Muhlmmheoroir meninng I [{] 1] 0 1) (1]
Mountatn muhiv W [ [ 1 n [
N 43 | 0 [(] n 0
- 0N I n7y [1X Lk 1 o ) X%
Averspe 003 Hot 0>
Nitnmson prery ¥ 0 M 0nie ) (b 1 ®i 1
Hortiebrush squirreltan W (KT } 8% TN 797 4T
bl 012 041 nox 2 1) | 40
N NNy O 14 any { O 0 a0
Average 0,13 .10 1.9%
Npwwrnholus SO0 o (1Y 0im noy [T b RS
Drrwoad W [{RL} 0 X 014 + T rad
b3 412 041 niIx 10% 17
N L] U 3] (1] (1]
Avernpe 0% [IXixd 1.22
FORBS
Ar1PmITIa LOPPUIN E 016 4742 f) X4 EERX 43 4%
Carmith wormwond W T2 At DR 1}ty 2023 = 1n
g Y12 17 1s [Tkil} 29492 AT
N { it fe 34 (] 12 1] 4
AVETapr RACS | 0.61 ™9}
Artemi iy droeunewlis F 167 16 XY 012 14 oM 1979
Falee tArtapon w } ot &) [T 49 491
h 2 ab Y Y2 [T 10 00 Ykl
N [f) [ 0" [0 0
AVH"IE_ 1.83 1,19 THy
¢ hmnnpas inhinyy |4 (24 K] 0 in 349 T
Lenatv polden avier W 307 149 %) 0 S 17T ™ Inod
b (1L 4 22 1L 14 62 Yy
b 2 14 IRRA 022 1170 1140
Averapr 1.%9 "w.a2 11.1%
Frrgeenn Napellare Lad 4% XL ) I% K o hB i
| Spreaing flcahane W 1N s 1Y 022 S 4497
N 0 69 2N 0 921 s 0Y
h X3 N4 0 14 uh 141 4A)
Averape (e 3 .24 7.0
{runea SO k (12 001 [IH 042 N 46
Scariet bee hiosam W [ (1 1] 1] t)
h ] n 0 3] 0
N 0 0 RID 1 n
Aversgr 0,061 R 01a
Old-Field Piant Suctession on the Pajarito Plateau 103
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Table Ka! (cont }

SPECIES FILLD COVER (%) | RELATIVE | FREQUENCY RELATIVE DOMINANCE
COVER FREQUENCY WDFX

FORBM
Cuterreria sarnthroe E {20 4 ol) ou2 02 N 44
Snakowood W {) 0 1) 1] n

- (] 1) [ 0 )]

N 1A Y] [ 412 711

Averase 1,63 0,13 1.94
Helanthut annut 1§ 4] [ [[] 0 1)
Commaon sunflower Y 1] 0 0 [ )

[3 0nin al [N 0T 0 4%

N [§) 1) i) [0 i)

Averape 0,43 (151} 0,15
Hymenaopapmee son t 0 [$} 1} 0 [}
White mpweed W 0 (nhd (X {4 [ tn 0 Ay

h 1} " 1] (1] 0

N 1 1] [0 [{) [}

Averspe 0,001 0.1 0,16
HHvmennrue nchaedsonit H {) b dux 0n 4 9 1
ngpc W o 54 12 1% ) 16 4w b

b 1 9 74 {14 419 S

h 1 %) 1047 {) (M 31w o XN

Averupe 1.6% {1y [ ]
[ epidium spn [ 0 n [ D) 1)
Peywwrprse W vy 00y ) 1ad (i) naYy

h [{] 4] 1] 0 ]

N [{] 1] 1] 0 1)

Averspr ), N1} 0.0} RN
liatris puncioln | 0 0 (1] (1] [
Cimvicmher hd [ ) 1} 0 i

h 1] ) 0 3] [}

~ [1X{N 014 002 100 1 )

Averagr 0.0 0,01 0,1%
Lomum SO0 2 T (1YY XTI [ 04 LTS
Flax W N 0Ny nny 004 [P [LL3

N n 1o 1KY 002 [1%res n 4%

~ 0oy n )l 602 1 (™ (IR

Averigr 11.03 0.1) 0. 4%
Afonteelia prumiin | [{] 1] (] (i) n
Stckleaf W ony 00} nony N 6) 0 W

~ 0 1} [ 0 )

~ [1] 10 0 n 113

Averape 60,01 1 [[X1}] N.0%
Clenothera Sp0 E 07y ] [TKY4 [T 90
Fvening pnmmee W 1 Ax T A7 O A4 171, 1317

4 nNel 249 012 134 7

N ] O LR 0 20 10 6 &7

Averuiye (A2 0.3% o,
Fenvemnn con F 1) 0 1) 1) 0
Hearmhongue W (43 [£] () 1] 0

N ] ) n 0 [

~ (1Y 00} 0ol 1 On 043

Averagr 0.3 n,ny n.14
Nalwnia kair F n 0 0 1] [+
Russian thiarle W £} 0 n n 0

b O mY 00t Qny [z 0w

N {1 0 [ n 0

Avﬂj‘r 1001 0n.01 0n10
Thelewpermn tvihidum | [1] [} [ 0 1]
Crreerthread W [ 1] 0 [ (4]

S 00y 0% [s X1 0T n43

~ 0 n 0 0 1]

Average 0,01 1 0.01 0,11
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Tahle K-1 (cont )

SPECIES FIELD COVER (%) | RELATIVE | FREQUEMNCY RELATIVE DOMINANCE
COVFR FREOUENCY INDFX
FORBN
Tragnpoonn dubius £ (3] " 1] ) 0
Coratabeard W [IXTH 00} (X3} 0ml 0 W
g t) ) n (1 1]
~ 1) [i] N n [1]
Ava .07 .01 0.0re
Vmehnsrum thopeus F (1] 1] () 0 0
Muliemn W [ 1) 1) [3] 3]
8 020 [{E.5 [N 0T 0™
~ n ) 0 0 [}
Averspe 0,04 0.0} 0,2
Vi1 comeric onn F [ 1] ] 1) 1]
Afnchican veich W [ 07 [TEE) 442 T X4
by UKL nay XS P 117
N 0Oy 0] 0nng ALY 0%
Averupr n.01 [[Xixd 1.14
Yueco anguttivumao [ [1] 0 [} 1] 3]
Narrow e viatea W 0 () ) n 1]
by 1] (3 [f] [ n
N [ 147 004 211 pi))
Averspr 0,13 0,01 0.7
_'Lo!ﬂc KT Phvtoseciological data taken in 1993 for Field % (Montova v Gome s Freld)
SPECLES Firi.D COVER (%) | RFLATIVE | EREOLEACY RELATIVE IMPORTANCY
GRAMINFAF,
Houteloua graciiin [ [KET 14 41 1) 56 1697 364
Biue griru w H s 119N 122 TN 106X
Averepr 100. 1% 0,39 in 1%
Hirphaneurmn triehnieme F. 1M 04 002 (36} 0 4
Pine dropoed W 1] 1+ () () D)
Averspe 11,10 0,01 0,38
Auhlenhovpin montnnn F | 42 49t )% 4 4% <l
Mountain muhiv W 16 A0 33 (A 1) 54 1% 12 T4 Sun
Averspe 9,21 1136 18.3%
NCRZUCRVPIUM 50O Y E 1} 1] [1) [}] 2]
|.itrie Blyestem W i 2 4 XL 24 b d]
Averape 1), 4ub 0,003 1.11
Nitamion sterr k X 242 1 )4 4 24 1%
Botlehmish squirretat W 1} 1) () 0 [
Averepe 1,49 [(XTk) 1.648
Npnroahaoluy cranianuru E 00 (077 (X} 1 2 0N
Sahd dropeed W 110 020 002 KT ) dd
AvEruage 0,20 0,03 0,72
FORBS
Artemini careuthn |4 CRES 1477 () 62 IR Y {728
Carruth wormwond W 274 4 4y 0 42 14 (9 Y™
Averape 4,44 0,52 13.44
Arteminig dracunculut B 1 52 1 w) 016 4 %% 4%
|_Falwe tarmagnn W } I 220 0|2 4 13 11y
Averagr 1,31 0,14 3.4
Ariemisia tridentoia [ 220 S 68 H LY 6 lh
Hig sagehanh W 010 0 20 0 067 0 44
Averare 1. 0d) 0,12 1.)0
Hama dissecta F [t 77 ALY [ 9y
Wild chrvaamhemum W 20N O ) 0 O | W [1%.34
Avevape 0,24 01,04 0,93
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Table k-2 fcont )
SPRECIES COVEH ) | KFLATIVE | FRFOLENCY HELATIVE
FORR |
ChAmmomas foinea < (12 [N 042 127
| catv poiden xger A M) 042 0 40 1142
4.0l .41

1 (w0 Cominirns ¥
Horewend O 10 nny
0.0% n.n
FRIQEPOR cverpen S N ay I} (m}
Fleshate daisv [¢] n
0.20 0,02
F rrpernm Nasellnre 4\ [T
Sorending Nesbane 10 %0 y hy
T.90 ), 5%
(rindehia aphonorie . 0 1]
Catrmrwend 0 Hnnr
008 .01
Hmemotne menardsemin ) 42 ()
Pinpue ) M} 010
1,96 01
laatrre punciatus L] {)
Gavteatter ) 0 o
.10 1,01
L.otus wriohli QO 0N
Deerveich 1 kb 0 %
0,0 0.4
Afeliintus spn . [4] 0
Sweet clover {20 0 0wk
0,10 0.0
Honcjpmon con (1] [
Hearhonpuc 010 00
.08 041
Fotewniln <o (1) )
Cinguei ol 1) %) 0 [y
0.8 n.03
Forenlilla truficesn | 1} [
Shrubte potentilla () 2 0oy
0,10 0,01
Theiesrerma trifidum (LK1 [iXird
Cirrnttoean 1] 0
a4 n.01
Vicra amenicono E [N [LR]])
Amencn vetch t 20 12
097 "14
Verhasurum ipnpeus ) [}
_.\_ﬂ_t:_llcm 1) hld (114
1), W) "0l
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Appendix L.
Tahle L-1. Biolopcal information about cermain specin,
niormanon Species
ACAM ] AGDE SCSC ARCA ARDR ARLL T BOGR BRTE
nmn native INTTXUCEG | nalive nanw nadwe nAnvE nADwe roaduced,
[ Famt pras TREY grass forh Lorn forn FTaSS ¥TASS
"Life cvcle perenrual | perenmal | perennial | perenmal | pererial | perenmial | petennual annual
[Reproduction vccsﬁnmu seed vephood _{seed  (vepheed | wvegeed i - seed
arbon [s: 20 ol [ak) - o (=23 [}
domide
“Habitat drvmotst | drwmmsr | drv arv arv arv arv
Mucorrhizal | endomv, enaomy., WYY,
‘Nodule no . no - - reponcd no [
forming
‘Nitrogen no - no - - yes no no
fixing
Edibie Ve VT
r o aneat nonweedy | colomane | nonweedv | nonweedy | noftweedv | nonwerdy | pommeecedy | ecrmomes
i medium g medium L) meduen low
omass high mackium
wblishmem | medium low [ low mexum ow
TeciurT gh medium meh
Seed
svailatulity
ng !
i1

R AGSM w A grofryron Smiuhi {wesicrn wiesigins ), ALE = on deseriondn (Kussan wheatgrms j, SUIC = SCazachyrium
Jcopariies (linle bloesiem), ARCA = Artemisia carrahii (Carruth wormwnod), ARDR = Arteminia dracancuds (false armagon), ARLL =
Artepusia ludoviciang (Louisiana wormwood), BOGR = Boutelowa groclis (dloc grama), BRTE = Bromas rectonew (Cheatgrase), and
CHEQ w Chrviopns follasa (leafy polden aner), . ]

b. C3 = The plant uses a pashway whete the first step in CO’ fixation imvolves the formarion of theee-carbon compounds, the SIOMac are
opened, and CO7 fiation is  the daylight, C4 = The plant uses a pathway where the finst step ia QO fixaton involves the formation of

foar-cxrbon compounds, the stomata are opened, and CO* fixanan 18 1 the dayhght,

I ermanon Rhaal
[0y rXFL GUNA ASP HYR] LIPL LA Mo MiLviO
onpin natve nAnTvE BAhve nxnve natve natve nanve tnTococed | ranwe
t forh tarh strub 100D torh tort 1orh 100 erast
Liiecycie vermal perenmal | perownal | perentual | peroimal | pereomal [ pereoal
-production | swend vegsaoed | weod .o sorel werraewnl | weed wedd wed
Carbon [ (=t [ [a [
dirride
ortat arv dry drv drv crv CTvAmONd | drwmone
Mycormhizal ATV
L Proma) D oooroed
forrmng
fixing
(hible | )
‘Weedingas | notrwesdy | nonwendy | cCORRTIC | NOMwrecy | pomeeedy | MONWECCY | ROMWEely | COWMPRIVE | TROTWErTTY
Posnpal | moiom oy Tow medam mgh [T
momass ! Lovwe
\ o mecam. echom
availabilitv l
ang
demths
]
#. RD! = Lrigeron divergems (ticabane dasy ), LREFL & Lrigeron flugeiwns (raunng. b LA & Gunerrena sarocroe

{snakeweod), MASP = Maplopapmus Spinlotics (sprmy goldctweed), HYRI = Hymenatis nchardsoni (pingie), LIPU = Liceris
pmgmpyfmwm-m‘mm Gupmne), MEX = Mellots spp. (sweet clover), and MUMO = Muhlemderpia
moniand (mountxn ™

b. C% = The plant uscs & pattway where the first sep in COP fixation invotves the formation of three~carhon compounds, the Romats are
opcned, and CO7 fixation is in the dayhghe.
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Table L. feont )
Intormstion R i)
ORLLY SNPCR VETH YUAN |
gin Nl ve nave ] | nauwe )
hit fowh [ orn shrub ;

fe cvcle petennial | nerenmial DAeNNIR _perenmal {
“Weprovduction | seed wed wed 1
arhon s [o2) [ak)
diouds
labitar drv drv drvimorst | ary
Mvoarrhuzai
“vodule
forming
Nirogen '
fixmg

eedinean nonweedy | nonweady | coxminng | ronwesdy
Powential low medium modium high ‘
hiamass
Lstablishment | iow mecium mecium

fedium Lo medium

Soed
availahiliv t
‘Roonng |
depths
a. OLLO = uenoinera cornnopyoisa \evening primrose ), SPCK m \pornhulus CrypIandrus (sana Gropsted), VE | H = vertascum

thapsis (mullen), and YUAN = Yucea angustissima (narrowleaf yucea
b, €3 = The plant uses a pathway where the first step in CO? fixahon involves the formation of three-carbon COMpPOUnds, the SOMAR are

openod, and CO” fination is in the daylight, C4 = The plant uses a

h

pathway where the first step in OO finanion involves the formanon of

four-carbon compounds, the stomaia are opened, and CO fixanan is in the daylight
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Appendix M. List of Common and Scientific Names

Common Name Scientific Name Common Name Scientific Name
American vetch Vicia americana Mountain muhly Muhlenbergia monrtana
Apache plume Fallugia paradoxa Mullein Verbascum thapsus
Aster Aster \pp. Narrowleat yucea Yucea angustisuma
Beardtongue Pensiemon «pp. New Menico flax Linum neomexicanum
Bermuda grass Cynodon dacrvlon Nighthade Solanum ~pp.

Big sagebrush Antemisia tridentata Nodding buckwheat Eriogonum cermuum
Black gramu Bouteloua eropodu One-seed juniper Juniperus monosperma
Bluzing star Mentzelia spp. Cwiclover Orthocarpus ~pp.

Blue gilia lpomapsis longiflora Peppergrass Lepidium spp.

Blue grama Routelowa gracilis Pincushion cactus Convphantha vivipara
Bluegrass Pou fendleriana Pine dropaeed Blepharnnewran tncholepis
Bottlebrush squirrelail — Sianion Iysirix Pingue Hymennxys richardsonii
Bristlegrass Setaria spp. Ponderosa pine Pinus ponderma
Brome Bromus spp. Ponymint Monarda pecnnata
Buckwheat Eriogonum spp. Poverty threc-awn Arivtida divaricara
Canadian wildrye Elymus canadensis Prainie clover Petaloxtemum spp.
Carruth wormwood Artemisia carruthii Praine sunflower Helianthus penolaris
Chamisa Chrysothamnus nauséosus Prickly pear cactus Opuntia spp.
Cheatgrass Bromus 1ectorum Puccoon Lithospermum mudtiflorum
Cinquefoil Potentilla spp. Pussytocs Antennaria parvifolia
Common suntlower Helianthus annuus Ragweed Franseria spp.
Dandelion Taraxicum officinule Redtop AL oSS Spp.

Deervetch Lotus wrightii Ring muhly Mullenbergia torrevi
Desert four o’clock Oxybaphus linearis Rock-jasmine Androsace septentrionalis
Dropweed Sporobolus spp. Russian thistle Salsola kali

Estafiats Arntemisia frivida Russian wheatgrass Agropyron desertorum
Evening primruse Oenothera \p. Sand dropeeed Sporabolus eryprandnas
False butfalo grass Munma squarrosa Scarlet bee blosom Guara \pp.

False tarragon Artemisia dracunculus Scarlet bugler Penstemon barbatus
Fendler's rose Rosa fendlers Scarlet trumpet Ipomaopsis ageregata
Fetid marigold Pecnis angustifolia Sedge Carex pp.

Wild chrysanthemum Bahia dissecta Shepherd™s pure Caprella bursa-pastoris
Firewheel Gaillardia pulchella Shrubby potentilla Potentilla fruticosa
Flax Linum spp. Smanweed Polygonum \pp.
Fleabane daisy Erigeron divergens Skeletonweed Srephanomeria spp.
Gambel ouk Quercus gambelii Snakeweed Gutierresia sarothrae
Guyfeather Liatris puncraia Spiny goldenweed Haplopappus spinulosus
Globemallow Sphaeruleea spp. Spreading fleabune Erigeron flagelluris
Goatsbeard Tragopogon dubius Stickleat Mentzelia pumila
Golden aster Chrysopsis villosa Stichseed Lappula spp.
Goldeneye Viguiera spp. Sweetclover Melilorus spp.
Greenthread Thelesperma irifidum Tansey mustard Descurainia ~pp.
Gumweed Grindelia aphanuctis Three-awn Anistida longiseta
Homeweed Conyza canadensis Walkingtick cactus Opunna imbricata
Indian grass Sorvastrum nutans Wenstern wheatgrass Agropyron smithiz
Indian puintbrush Castilleja integra Wheatgrass Agrmpyron spp.

Hidden flower Cryptantha jamesii White ragweed Hymenopappus ~pp.
Lamb's quarters Chenopodium spp. White sweetclover Melilotus albus

Leafy golden aster Chrysapsis folios Wild chysanthemum Bahia dissecta

Little bluestem Schizachyrium seoparium Witchgrass Paricum capillare
Lupine Lupinus candaruy Walttail Lyerus phleoides
Longleaf butterweed Senecio longilobus Woolly Indian wheat Plantago purshii
Milkvetch Astragalus spp. Yellow sweetclover Melitotus officinalis
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This report has been reproduced directly from the
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