INFORMATION TO USERS
This reproduction was made from a copy of a document sent to us for microfilming.
While the most advanced technology has been used to photograpli and reproduce
this document, tiie quality of the reproduction is heavily dependent upon the
quality of the material submitted.
The following explanation of techniques is provided to help clarify markings or
notations which may appear on this reproduction.
1.The sign or "target" for pages apparently lacking from the document
photographed is "Missing Page(s)". If it was possible to obtain the missing
page(s) or section, they are spliced into the film along with adjacent pages. This
may have necessitated cutting through an image and duplicating adjacent pages
to assure complete continuity.
2. When an image on the film is obliterated with a round black mark, it is an
indication of either blurred copy because of movement during exposure,
duplicate copy, or copyrighted materials that should not have been filmed. For
blurred pages, a good image of the page can be found in the adjacent frame. If
copyrighted materials were deleted, a target note will appear listing the pages in
the adjacent frame.
3. When a map, drawing or chart, etc., is part of the material being photographed,
a definite method of "sectioning" the material has been followed. It is
customary to begin filming at the upper left hand corner of a large sheet and to
continue from left to right in equal sections with small overlaps. If necessary,
sectioning is continued again—beginning below the first row and continuing on
until complete.
4. For illustrations that cannot be satisfactorily reproduced by xerographic
means, photographic prints can be purchased at additional cost and inserted
into your xerographic copy. These prints are available upon request from the
Dissertations Customer Services Department.
5. Some pages in any document may have indistinct print. In all cases the best
available copy has been filmed.

University

Microfilms
International
300 N. Zeeb Road
Ann Arbor, Ml 48106

1321427
BURTCHIN, DONALD LEE
THE PHYSICAL GEOGRAPHY OF PECOS NATIONAL MONUMENT, NEW MEXICO
THE UNIVERSITY OF ARIZONA

University
Microfilms
international

300 N. Zceb Road, Ann Arbor. MI 48106

M.A. 1983

PLEASE NOTE:

In all cases this material has been filmed in the best possible way from the available copy.
Problems encountered with this document have been identified here with a check mark V

.

1.

Glossy photographs or pages

2.

Colored illustrations, paper or print

3.

Photographs with dark background

4.

Illustrations are poor copy

5.

Pages with black marks, not original copy

6.

Print shows through as there is text on both sides of page

7.

Indistinct, broken or small print on several pages

8.

Print exceeds margin requirements

9.

Tightly bound copy with print lost in spine

10.

Computer printout pages with indistinct print

11.

Page(s)
author.

lacking when material received, and not available from school or

12.

Page(s)

seem to be missing in numbering only as text follows.

13.

Two pages numbered

14.

Curling and wrinkled pages

15.

Other

. Text follows.

University
Microfilms
International

THE PHYSICAL GEOGRAPHY OF PECOS NATIONAL MONUMENT,
NEW MEXICO

by
Donald Lee Burtchin

A Thesis .Submitted to the Faculty of the
DEPARTMENT OF GEOGRAPHY
In Partial Fulfillment of the Requirements
For the Degree of
MASTER OF ARTS
In the Graduate College
THE UNIVERSITY OF ARIZONA

19 8 3

STATEMENT BY AUTHOR
This thesis has been submitted in partial fulfill
ment of requirements for an advanced degree at The Univer
sity of Arizona and is deposited in the University Library
to be made available to borrowers under rules of the
Library.
Brief quotations from this thesis are allowable
without special permission, provided that accurate
acknowledgement of source is made. Requests for permis
sion for extended quotation from or reproduction of this
manuscript in whole or in part may be granted by the head
of the major department or the Dean of the Graduate
College when in his judgement the proposed use of the
material is in the interests of scholarship. In all other
instances, however, permission must be obtained from the
author.

SIGNED:

APPROVAL BY THESIS DIRECTOR
This thesis has been approved on the date shown below:

13S3
Richard W. Reeves
Professor of Geography

Date>

ACKNOWLEDGEMENTS

I want to express my gratitude to the many people*
who gave me advice, assistance, arid guidance while I was
writing this thesis, beginning with Mr. John V. Bezy and
the staff at Pecos National Monument.

Their assistance

and cooperation greatly simplified thr? compilation of
field data and the location of specific information
concerning the Monument.
I am very deeply indebted to Mark Amerito, Amy
fDale, Susan Johnsen, Terri Johnston, Gordon Keith, Charles
MacCabe, Todd Saurid.ers, and Raphael Tornbasco for their
many hours in the hot sun collecting data on the Monument.
Janice Bowers, who identified plant samples from Pecos,
and Michael Williams, who identified rock samples from
Pecos, also have my gratitude for their assistance.
I arn very grateful for the patience, advice,
guidance, and critical comments I received from Professor
Richard W. Reeves.

I also want to thank Professors D.

Robert Altschul and Daniel D. Orreola for their advice and
critical comment.

The suggestions of these three gentle

men substantially improved this thesis, and any remaining
shortcomings must be attributed to me.

2 am also very

grateful to Professor Gordon F. Mulligan for graciously
iii

iv
consenting to sit on my examination committee as a last
minute substitute.

TABLE DF CONTENTS
Page
LIST OF TABLES

vi

LIST OF ILLUSTRATIONS

viii

ABSTRACT

ix

CHAPTER
1.

INTRODUCTION

1

£.

LOCATION AND SITE DESCRIPTION

4

3.

PHYSICAL AREAS IN PECOS NATIONAL MONUMENT

4.

GEOLOGY

17

5.

SOILS ON PECOS NATIONAL MONUMENT

£8

6.

CLIMATE

35

7.

HYDROLOGIC FEATURES

41

6.

HISTORY OF LAND USE

49

9.

HISTORY OF VEGETATION

69

10.

PLANT COMMUNITIES ON PECOS NATIONAL MONUMENT .

85

11.

SUMMARY

113

LIST OF ABBREVIATIONS USED IN REFERENCES ...

11&

LIST OF REFERENCES

117

v

- .

11

LIST OF TABLES

Table
1.

Page
Profile of Materials Adjacent to the
Glorieta Creek East Bank

£4

£.

Pecos Temperature Data Summary ........

36

3.

Pecos Precipitation Data Summary

.......

37

4.

Pecos Mean Annual Snowfall

..........

40

5.

Summary of Pecos River Streamflows at
Two Locations ...............

42

Livestock Numbers in San Miguel County,
New Mexico: 1650-1364 ...........

66

Native Trees arid Shrubs Commonly Found
in the Pinyon-Juniper Woodland in
Northern New Mexico .......

71

B.

Plants of Pecos National Monument, New Mexico .

86

9.

Transect One Vegetation Statistics

9£

10.

Transect Two Vegetation Statistics

11.

Transect Three Vegetation Statistics

.....

93

1£.

Transect Four Vegetation Statistics . . . . . .

93

13.

Range Improvement Grassland (Area A —
Northwest) . . . . . . . . . . . . . . . .

96

Range Improvement Grassland (Area A West Central) .........

96

6.

7.

14.

.

9£

15.

Range Improvement Grassland (Area B)

.....

97

16.

Range Improvement Grassland (Area C)

.....

99

17.

Range Improvement Grassland (Area D — North). .

100

18.

Range Improvement Grassland (Area D - South). .

100

vi

vi i
LIST OF TfiBLES — gorit,irmed

Table

Page

19.

Pinyon—Juriiper Woodland

<Northwest) ......

10£

£0.

Piriyon-Juniper Woodland

<North Central) ....

1©£

£1.

Pirtyon—Juniper Woodland (West)

£2.

Piriyon-Juni per Woodland

£3.

Piriyon-Juni per Woodland (Central)

£4.

Pinyon-Juniper Woodland (East)

.

104

£5.

Piriyon-Juni per Woodland (South Central) ....

105

£6.

Riparian Communities (North)

107

£7.

Riparian Communities (Central)

£8.

Riparian Communities (South)

£9.

Managed Vegetation

11(3

30.

Choi 1a-Juniper

112

.

103

<Central-west) ....

103

.

104

.........
..

107
....

103

LIST OF ILLUSTRATIONS

Figure

Page

1.

Map of New Mexico

5

2.

Map of Pecos National Monument Area ......

6

3.

Map of Pecos National Monument

........

9

A.

Physical Areas on Pecos National Monument ...

1£

5.

Rock Sample Sites on Pecos National Monument. .

22

6.

Soil Map Units on Pecos National Monument . . .

23

7.

Plant Communities on Pecos National Monument. .

90

ABSTRACT

There is good recorded evidence that Pecos Natioria
Monument arid its adjacent area has supported sedentary
inhabitants for over 11®® years.

Archaeological evidence

indicates the Pecos Indians began the practice of agricul
ture as early as the ninth century, ft.D. Spanish mission
aries established the continuing tradition of raising live
stock in the Pecos area in the early seventeenth centuryAgriculture, extensive livestock grazing, and range
improvement efforts prior to 1965 resulted in a highly
disturbed vegetation pattern.

The establishment of Pecos

National Monument in 1965 restricted human activity and
allowed unrestrained vegetation propagation on the Monu
ment.

Field data collected in 1901 indicates that contin

uation of the present policies will result in pinyon pinejuniper woodland covering large areas within the Monument.

ix

CHAPTER 1
INTRODUCTION
An understanding of the landscape at any location
requires some knowledge of past events and conditions which
have affected the physical attributes of the area.

Acquisition

of such knowledge can be difficult and time consuming when it
must be extracted from a wide body of disparate, specialized
literature.

However, data compiled by such research usually

are essential and frequently they provide the researcher with
much of the information necessary to explain the contemporary
landscape of the site under investigation.

This is especially

true for sites like Pecos National Monument, New Mexico.
In the past century, a substantial body of specialized
literature concerning Pecos National Monument, New Mexico has
accumulated.

This is the site of the ruins of a once populous

Indian pueblo with a written record beginning in the middle of
the sixteenth century.

That written record plus an archaeolog

ical record of sedentary inhabitants that extends back to the
ninth century has resulted in a literature that has primarily
focussed on the archaeological, anthropological, and historical
aspects of the area.

There has been some work in other fields

of study, but there is no single reference that provides a
discussion of the physical attributes of the monument area, the
appearance of those features to past observers, and the changes
1
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in appearance that have resulted from man's activities in the
monument area.
The following discussion of the physical geography of
Pecos National Monument is an attempt to provide an integrated
examination of the Pecos landscape and to point out some of
the influences that have contributed to its present appearance.
Generally, this is approached through discussion of various
aspects of the physical environment of the area.

The discus

sion in each chapter is intended to provide a summary of the
information concerning the topic in question and may be used
independently or in conjunction with the material in other
chapters.

Comments and information from the archaeological and

historical records are included in the discussion to provide
some sense of past human concerns, uses, and abuses which have
affected the physical attributes of the area.

While vegetation

was not the sole concern of the research regarding the Pecos
landscape, it provides a very visible and rapid indication of
changes in conditions in the area.

Therefore, a substantial

portion of the discussion is concerned with vegetation and
frequent references to vegetation are included throughout the
discussion.
Information concerning past appearances and conditions
has been compiled by an extensive review of the extant body of
literature concerned with the Pecos National Monument area.
Surface and aerial photographs showing the vegetation on the
monument at various points in time have also been examined.
Data from that source allow a detailed review of changes in

3

vegetation distributions on the Monument, especially for the
period between 19S9 and 1973.

Finally, several hundred

man-hours were spent on the monument grounds in 1981 gathering
field data concerning vegetation types and distributions.
These data are used to provide a summary analysis of the
vegetation associations and distributions on the monument at
that time.

It is hoped that this data may be of value to any

future vegetation studies that may be conducted at Pecos
National Monument.

CHAPTER £
LOCATION AND SITE DESCRIPTION
Pecos National Monument is located approximately 17
miles <27 kilometers - km) southeast of Santa Fe, New Mexico
(Figure 1) and 1.5 miles <£.4 km) south of the village of
Pecos, New Mexico on the southeastern approach to Glorieta Pass
<Figure £).

The Monument covers 364.8 acres of the upper Pecos

River valley in western San Miguel County.

It is the site of

the ruins of a mission founded in the Spanish colonial period
and of the remains of the Indian pueblo the mission served.
Glorieta Pass has been the northern gateway between the
Rio Grande River valley and the Pecos River valley since the
time of the pueblo dwellers.

The Spanish used it in colonial

days for travel between Santa Fe and Pecos.

It later became

part of the Santa Fe Trail used by Anglo traders in the 19th
century and was the scene of a battle between Union and Confed
erate troops during the Civil War.

More recently, the pass has

provided an easy route through the Sangre de Cristo Mountains
for the Atchison, Topeka arid Santa Fe Railroad and a major
highway, Interstate £5.

Access to Pecos National Monument from

Interstate 25 is provided by U. S. Alternate S4-B5, which
passes along the eastern boundary of the Monument.
Other major geographical features in the area include
the Sangre de Cristo Mountains, Glorieta Mesa, the Pecos River,
and Glorieta Creek.

The Sangre de Cristo Mountains lie to the
4
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north and east of the Monument.

They rise to elevations in

excess of 13)000 feet (3960 meters — rn) in the north and to
over 10,000 feet (3050 m) in the northeast*

Elevations

decrease to the south as the Pecos River valley is neared.
The portion of the Sangre de Cristo Mountains that lies to the
east of the Monument is known as the Tecolote Range.
Glorieta Mesa is located to the west and south of the
Monu m e n t a n d w e s t o f t h e P e c o s R i v e r .

In the vicinity of the4

Monument, the escarpment of the mesa is generally oriented
along a northwest-southeast line. fit its closest point, the
escarpment is less than 1 mile (1.5 km) from the southwest
corner of the Monument.

The escarpment rises steeply from its

70OO foot (£134 m) base to an elevation of S21S feet (2503 m)
at its highest point, Cerro de Escobas, just 1.3 miles (2.1 km)
from the Monument's southwest corner.
The Pecos River rises in the Sangre de Cristo Mountains
to the north of Pecos National Mounument.

It flows south from

its source to a point approximately 8 miles (13 km) south of
the Monument where it turns to the southeast.

The Pecos River

passes the Monument approximately 0.8 miles (1.3 km) east of
the eastern boundary.
Glorieta Creek originates a few miles northwest of the
Monument.

It drains to the southeast until it approaches the

northern boundary of the Monument where it turns due south.
The creek flows south through the Monument area, 700 to 11O0
feet (213 to 335 m) east of the western boundary.

The creek

a
turns to the southeast again after it exits the southern bound
ary arid empties into the Pecos River about 1.5 miles <2.4 km)
southeast of its exit point from the Monument.

Glorieta Creek

is also shown as Arroyo del Pueblo and Arroyo de Pecos on some
maps (eg. Figure 3; Bandelier 1881, p44).
The Pecos River valley slopes from an elevation of 7208
feet

<2135 rn) about two miles <3.2 km) north of the Monument to

68C0 feet <2073 m) one—half mile <0.0 krn) south—southeast of
the Monument.

Within the Monument grounds, elevation ranges

from 6388 feet <2130 m) on the rocky ridge in the north to 6S44
feet <2086 rn) in the southwest where Glorieta Creek exits the
Monument.

The rocky ridge in the center of the Monument is

usually referred to as the rnesi11a. a word from archaic
Spanish meaning a small mesa.
An outline of the Monument boundaries resembles two
rectangular blocks joined together at one corner (Figure 3).
The larger block covers 344.8 acres.

The smaller block, 20

acres known as the Forked Lightning parcel, is appended to the
southwest corner of the larger block.

The Forked Lightning

parcel is the site of the ruins of a large pueblo that preceded
the Pecos pueblo.

The parcel was donated to Pecos National

Monument in 1978 by the owners of the Forked Lightning Ranch
<which surrounds the Monument), hence its name.

The western

boundary of the Forked Lightning parcel is located about 350
feet <107 m) west of the western boundary of the larger area.
All of the Monument boundaries are along north-south or eastwest lines with the exception of the eastern boundary of the
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larger area.

That boundary is oriented to U.S. Alternate 84-65

and follows a line roughly ten degrees to the east of north.

CHAPTER 3
PHYSICAL AREAS IN PECOS NATIONAL MONUMENT
While it may appear presumptuous to define physical
areas within the boundaries of a relatively small piece of land
like Pecos National Monument t there are several localities
within the Monument boundaries possessing obviously different
physical characteristics (Figure 4).

A brief summary of these

areas and their characteristics should provide a degree of
familiarity with the Monument grounds and be an aid to under
standing more detailed subsequent discussions.
Starting on the western side of the Monument grounds
and progressing to the east, easily defined areas within the
Monument include the high ground west of Glorieta Creek, the
slope from the high ground to the Glorieta Creek floodplain,
the Glorieta Creek floodplain (including Glorieta Creek), the
mesi11a and a small, grassy depression in the central area east
of the mesi11a.
The high ground and sloping area west of Glorieta Creek
varies in width from a maximum of about SCO feet <274 m) in the
north to a minimum of approximately 550 feet
central area.

<167 m) in the

A gully cuts diagonally from northwest to south

east across this western strip of land in the southern onethird of the Monument (Figure 4).

Midway between the western

boundary and the floodplain, a branch of the gully enters from
the west-southwest.

The gully's width is in excess of 10® feet
11
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(30 m> along the northwest branch above the fork and varies
from 3® to 60 feet (9 to 18 rn> elsewhere.

Its bottom is £0 to

30 feet (6 to 9 m) below the surface of the terrain to the
north and south of it.

The gully provides drainage for inter

mittent runoff from higher ground to the west and northwest.
It drains into Glorieta Creek about 300 feet <91 r«) north of
the point where Glorieta Creek flows out of the Monument.
The high ground west of Glorieta Creek is relatively
flat (slope 1% to 5%) and generally about 35 to 40 feet <10.7
to 12.£ m) above the creek's floodplain.

This flat area is

sparsely covered with grasses and low shrubs, primarily Hvrnerioxvs richardsonii and Gutierrezia sarothrae.

The soi1 has a

deep red color and rounded cobbles (up to 4 inches - 10 cm across their semi-minor, or "B", axis) are visible on the
surface over most of the area, as well as on the more steeply
sloped area adjacent to the floodplain.
The more steeply sloped area (slope greaterthan 10X)
adjacent to the Glorieta Creek floodplain is covered with
pinyon pine and juniper (Pinus edulis and Juniperus ssp).

Old

river terrace remnants visible on the slope in the northern
part of the Monument indicate that at some time in the past the
level of the floodplain was about 14 feet (4.3 HI) higher than
the present day floodplain.

Another remnant floodplain on the

west side of Glorieta Creek is visible in the Forked Lightning
ruins area, and is approximately 5 feet <1.5 m) above the
present day floodplain level.

14

The Glorieta Creek floodplain varies in width from 400
to 500 feet (12S to 152 m).in the northern half of the Monument
area.

It narrows to 200 feet <61 m) near the center of the

Monument and to 100—150 feet <30—45 m) about 1000 feet <305 m)
north of the creek*3 exit at the Monument's southern boundary.
Floodplain surface material consists of alluvial deposits such
as clay, sand, cobbles, and rounded boulders <up to IS inches —
46 cm -

on their "B" axis).

The most common vegetation in the

floodplain (also referred to as riparian vegetation) is rubber
rabbitbrush (ChrvBothamrms riauseosus). mountain sage <Artemisia
frinida). and three varieties of willow (Salix ESQ ).

There are

also a few cottonwood trees ( POPU IUS ssp) as well as several
other species of plants that favor strearnside habitats.
The central mesi11a narrows from a width of about 500
feet (152 m) at the Monument's northern boundary to a 45 foot
(14 m) wide strip of bare sandstone just north of the North
Pueblo ruins, then widens southward until it covers the eastern
two-thirds of the Monument grounds at the southern boundary
(Figure 4).

Surface material on the mesi11a north of the North

Pueblo is either a thin layer of deep red-colored soil or
exposed arkosic sandstone bedrock.

The top of the mesi11a

from the North Pueblo to the southern boundary is generally
covered by a thin layer of the same reddish soil.

There are a

few small areas of exposed bedrock immediately north of the
Mission ruins and on the mesi11a about 350 feet (107 m) east of
the Mission ruins.

Pinyon pines and junipers are found on the

western slope of the mesi1la (except in stream undercut areas

15

with low vertical cliffs) and on the rnesi 11a north of the North
Pueblo from the Glorieta Creek floodplain to the Monument's
eastern boundary.

Vegetation on exposed bedrock is generally

limited to some lichens, mosses, and a very few pinyon pines
and junipers growing in joints in the rocks.
Vegetation on the top of the mesi1la in the area from
the North Pueblo ruins to the Monument headquarters consists
of a variety of grasses and a few widely scattered junipers and'
Chrvsothamnus nauseosus.

The top of the mesi11a south of the

headquarters buildings also has a variety of grasses growing on
it, as well as numerous small shrubs (primarily Hyrnenoxys
richardsoni i and Butierrezia sarothrae) and a number of small
junipers that are becoming established over much of the area.
The eastern slope of the mesi1la in the area of the
ruins is a midden created by the Pecos Indians 1 longtime
practice of throwing their refuse over the side of the mesi11a.
Vegetation on this midden slope is primarily a variety of
grasses that have been planted by the Park Service.

Vegetation

on the eastern slope of the mesi11a south of a point a few
hundred feet east of the Mission ruins is primarily pinyon
pines and junipers.
The small, grassy depression in the central area east
of the mesi11a drains into an arroyo outside the monument area.
The arroyo drains to the south and joins Glorieta Creek about
0.5 miles <0.fl km) southeast of the Monument's southeast corner.
Surface material on the margins of this drainage area has the
same reddish color as is found in other areas.

The surface
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material color is darker at the bottom of this swale, possibly
due to greater moisture content near the surface.

Vegetation

consists of different grasses (many of which have been planted
by the Park Service), a few widely scattered pinyon pines and
junipers near the edges of the area, and a small area of sedge
near the eastern margin of the swale.

CHAPTER 4
GEOLOGY
Mhile the historical significance of the ruins at Pecos
National Monument is the primary attraction for visitors, it is
likely that many of those visitors will also be delighted with
the scenic views from the wesi11a.

Two prominent features, the

Glorieta Mesa escarpment and the Sangre de Cristo Mountains,
provide a spectacular panorama that surrounds the Monument.
The following discussion of the geologic history of Glorieta
Mesa, the portion of the Sangre de Cristo Mountains known as
the Tecolote Range, and the Monument grounds should provide
some understanding of how the Monument grounds evolved to their
present state.
Approximately 30® million years ago, in the Pennsylvanian Period, the Pecos area was occasionally covered by a
shallow arm of the ocean.

While the area was under water,

layers of mud, sand, and marine skeletal debris accumulated.
Those layers ultimately formed layers of shale, sandstone, and
limestone that covered vast areas. fill of the geological
events in the millions of years between that time and the
present are not certain, but one simple explanation for the
geological features in the Pecos area is that in later times
the area was uplifted and the seas retreated.

Then, surface

water flowing over the exposed layers of rock gradually cut

17
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channels to forrn canyons such as that of the Pecos River in the
area north of Pecos.
The youngest formation of the ancient marine sequence
visible in the Monument area is the Santa Rosa Sandstone on top
of the highest point on the mesa, Cerro de Escobas <Figure 2).
The Santa Rosa Sandstone formed about £00 million years ago
during the late Triassic Period.

The Santa Rosa Formation is

as much as 450 feet <137 m) thick in other areas, but at Cerro
de Escobas erosion has reduced it to about 50 feet (15 m).

The

formation is mainly composed of light-gray and tan sandstone
with some small amounts of layered red shale.

The red color is

from oxidation of fragments of iron-bearing minerals in the
shale <USDI, USGS 1369, pp. E5-6).
Five other formations can be seen on the Glorieta Mesa
scarp.

The formation immediately below the Santa Rosa Sand

stone is the Bernal Formation, which is about S35 million years
old (Permian Period).

The bedding planes of the Bernal Forma

tion and the Santa Rosa Sandstone above it are not quite paral
lel to each other and attest to an uncornformity.

The early

Triassic was evidently a period with no sedimentary deposition
in the area so that the rocks of the Bernal Formation were
slightly eroded before the Santa Rosa Sandstone began to form
(USDI, USGS 1969, p. E6>.

The Bernal Formation, consisting

of layers of purplish-red sandstone and siltstone (with some
thin gypsum beds near the village of Bernal), ranges from 250
to 270 feet <76 to 82 m) thick.

19

The San Andres Limestone, an earlier Permian formation,
is a thin formation of gray limestone beds located beneath the
Bernal Formation.

This marine limestone formation evidently

marks a period during which the ocean depth was greater than
when near-shore deposits formed the Bernal and Glorieta forma
tions above and below it.
Beneath the San Andrew Limestone is the Glorieta Sand
stone, which is also of the Permian Period.

It is composed of

light-gray to white sandstone beds, between 1£5 and 135 feet
<38 to 41 rn) thick and appears to be formed of beach sand that
was deposited in shallow water just offshore.

Its light color

contrasts vividly with the darker colors of other formations
visible on the escarpment.
Another Permian formation, the Yeso Formation, lies
beneath the Glorieta Sandstone.

From 300 to 400 feet <116 to

122 rn) thick, it consists of bright-red sandstone and siltstone
with a few thin beds of gray limestone.

Although there is a

marked color change between the Glorieta Sandstone and Yeso
formations, sedimentation was continuous during the period when
they formed and changes in fragment composition and layer
thickness were gradual (USDI, USGS 1369, p. E6).

The sediments

that compose this formation appear to be of shallow water
marine origin and are consistent with the deposition that would
be expected on a broad, flat coastal plain <USDI, USG5 1969,
p. E9).

In other areas, some beds of gypsum have been found in

this formation.
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The Sangre de Cristo Formation is the lowest exposed
layer on the escarpment.
rock unit.

Pecos National Monument rests on this

Over 500 feet (152 m) thick, it began to form

during the Pennsylvanian Period, but it is classified as the
oldest Permian formation in the region.

It is estimated to

have formed over a 30 million year period from 300 to 270 mil
lion years ago.

The formation contains beds of brownish-red

and gray conglomerate, buff and red sandstone, red si Itstone,
red arid greenish—gray shale, and gray limestone.

These sedi

ments are mainly terrestrial deposits such as occur in alluvial
fans, floodplains, deltas, and channel fills <USDI, USG5 1969,
p. E9>.

About 100 feet (30 m) of the formation is visible on

the lower face of the escarpment, but the rest is generally
covered with red soil that was formed by the decomposition of
exposed portions of the formation.

The Sangre de Cristo Forma

tion is visible in many places in the Pecos Valley, as well as
on the Monument grounds.
According to Besy <19B1>, two features were important
in the formation of the Pecos Valley in the area of the Monu
ment.

One was the Sarigre de Cristo Formation, which was less

resistant to erosion than the other formations in the area
<the Pennsylvanian to the north and east, and the younger
Permian formations to the south and west).

The other feature

was the geological structure of the Tecolote Mountains.

They

were formed by art anticlinal folding of Pennsylvanian and
Permian limestone.

The ancient Pecos River stayed west of the

erosion-resistant anticline and gradually carved a broad valley

£1

between the anticline and Glorieta Mesa which is formed by the
less erodable beds of southward-dipping Permian sedimentary
rocks.

Rounded cobbles on the sides of the Tecolote Mountains

and the Glorieta Mesa scarp high above the present valley floor
may have been deposited by the ancient Pecos River prior to
downcutting, or they mave have been deposited along the axes of
small anticlines prior to upwarp.
Within the Monument grounds, more recent river beds
consist of an assortment of sizes and types of cobbles that
must have been carried into the area from sources along the
Pecos River in the Sangre de Cristo Mountains.

Rounded stones

extracted from an exposed layer of gravel at the base of a low
escarpment on the east side of Glorieta Creek (Site 1, Figure
5) included 1 irnestone-bearing conglomerate, limestone breccia,
amphibolite, feldspar-quart z arkose, quart site with thin layers
of muscovite arid biotite, and muscovite-quartz schist.
Several rounded cobbles collected on the western slope
of the rnesi 11a (Site 2, Figure 5) and on top of the mesi 11a
(Site 3, Figure 5), corresponded to those dug out of the
gravel layer at the base of the escarpment.

The samples from

the western slope of the mesi11a included muscovite schist,
arnphibolite, quartzite with thin layers of muscovite and bio
tite, quartz, feldspar, granite, micaceous schist, buff-colored
sandstone, and gray-green colored shale.
Rounded cobbles collected on top of the mesi11a near
the Monument's southern boundary included muscovite schist,
biotite schist, buff-colored sandstone, granite, feldspar,
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Figure 5
Rock Sarnple Sites on Pecos National Monument
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quartz, muscovite-bearing quartzite, mica-bearing quartzite,
carbonate cemented conglomerate, and some small fragments of
chert which may have come to the area as a trade item from some
distant source.
The cobbles and pebbles of granite, quartzite, schist,
quartz, feldspar, amphibolite, and conglomerate are not the
remains of any of the formations that comprise Glorieta Mesa or
the Pecos Valley. fill of these rock types do occur in the
Sangre de Cristo Mountains north of the Pecos Valley so they
must have been carried into the area from upstream sources by
the Pecos River. fin elevation difference of nearly 56 feet
<17 m) between the top and base of the mesi11a at the southern
end of the Monument provides an indication of depositional
depths in the Monument area.
Documentation of subsequent episodes of stream erosion,
deposition, and further erosion is provided by a profile of
materials found in a 186 inch <472 cm) high escarpment on the
west side of the mesi11a <Site 4, Figure 5).

The terrace

deposits found in the profile <Table 1) can be summarized as a
number of alternating layers of fine and coarse sediments
typical of alluvial deposition.

The layers of coarse materials

<rounded gravels and coarse sands) are characteristic current
<charmel) deposits.

The layers of fine materials (clay, silt,

and srnal 1—grained sand) represent, for the most part, overbank
<floodplain) deposits.
There are a number of possible interpretations of the
recent fluvial history of Glorieta Creek in the Monument area.

24

Table 1
Profile of Materials Adjacent to the Glorieta Creek East Bank
(Low escarpment 400 feet north of south boundary)
Depth
inches),

Mat er i.al.

0 -

12

reddish-brown friable, sandy loam

12 -

£7

reddish-brown friable, sandy loarn with cobbles up
to 1 inch on the "B" axis

27 -

4£

grayish-brown hard clay silt with white staining
in fractures; fractures into small vertical
prisms <up to 5 inches), little root penetration
into zone

42 - 135

massive reddish-tan, well-cemented clay silt with
occasional small stones (to 1 inch on "B" axis),
small stones in layers below 11B inches; many
casts with black lining; more friable from 108 tc<
120 inches (possibly more wetted due to debris
line at 108 inches)

135 - 13S

layer of coarse sand and small gravel

136 - 138

reddish-tan, well-cemented clay silt with some
small stones (to 1 inch on "B" axis)

138 - 139.5

layer of coarse sand and small gravel with black
stain

139.5 - 145

reddish-tan, well-cemented clay silt with some
small stones (to 1 inch on "B" axis)

145 - 146

layer of small gravels

146 - 150

reddish-tan, well-cemented clay silt with some
small stones (to 1 inch on "B" axis)

150 - 151

wavy layer of sand with many small casts (pos
sibly made by wasps)

151 - 162

reddish-tan, we11-cemented clay silt with some
small stones (to 1 inch on "B" axis)

162 - 164

layer of gravels (to 1.5 inches on "B" axis)

164 - 167

gravelly silt, little clay

167 - 168

coarse sand layer

Table 1 (continued)
Material

Depth

iss - 170

layer of silt and fine sand

170 - 173

layer of gravels and coarse sand

173 - 176

layer of silty sand

176 - 186

angular sandstone blocks set in silty sand matrix

NOTE:

The gravels were from various sources arid included
many types of rock.

Source:

Fieldwork by author, 1981
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Orie simple explanation is that Glorieta Creek gradually eroded
down to bedrock, then slowly deposited the debris described in
Table 1.

During this episode of filling, the stream moved

laterally as it gradually aggraded.

Layers of coarse materials

were deposited when the strearnbed occupied the site of the
profile, arid layers of fine materials were deposited when the
strearnbed moved laterally and floodplairi occupied the profile
site.

Subsequent downcutting left a terrace remnant 15.5 feet

<4.7 rn) above the bank of Glorieta Creek and lateral migration
of the channel recently produced the vertical bank arid exposed
the profile.
Despite ample evidence of current active channel
incision ("arroyo cutting," downcutting, or gullying) in the
headwaters of Glorieta Creek and along Galisteo Creek at the
western approach to Glorieta Pass, downcutting in the vicinity
of the Monument was accomplished more than a century ago.
In the northern part of the Monument the arkosic sandstone
caprock of the mesi11a provides a convenient reference point
for evaluating recent channel incision.

Measurements taken iri

1981 showed an elevation difference of 95 feet (29 in) between
the channel floor arid the highest point on the caprock <which
is also the highest point on the mesi11a).

the same elevation

difference measured in 1680 by Bartdelier (1B81, p. 46).

It is

possible that the incision of the creek predates Bandelier*s
observation by only a few years, but the historical record
offers few clues.

It is likely that since 1BB8 most erosion in

the reach through the Monument has been confined to removal of
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alluvial terrace deposits (like those of Table 1) as the creek
widened its channel and migrated horizontally during major
flows.

CHAPTER 5
SOILS ON PECOS NATIONAL MONUMENT
Since agriculture was one of the land uses practiced by
the Pecos I.ndians (arid many other subsequent settlers) in the
Monument area, knowledge of the nature and distribution of
soils is essential for understanding the Monument's physical
geography.
The United States Department of Agriculture (USDA),
Soil Conservation Service (SCS) has identified four soil map
units within the monument boundaries (Figure 6).

A soil unit

is defined as:
. . . a unique natural landscape that has a distinct
pattern of soils and of relief and drainage features.
A unit typically consists of one or more soils of major
extent and some soils of minor extent. It is named for
the major soils. The kinds of soil in one unit can
occur in other units, but in a different pattern (USDA
1981, p. £-3).
The Badland complex is the most extensive soil map unit
within the Monument boundaries.

It generally includes a large

portion of the northern part of the mesi11a. most of the
Glorieta Creek floodplain, the arroyos that extend to the west
from Glorieta Creek in the southern one-third of the Monument,
and the sloped areas that are adjacent to those drainageways
(Figure 6).

The material in these dissected areas is primarily

derived from sandstone and shale.

The soils found in this unit

include Lacita soils on alluvial fans, Latom soils on benches,
Morrtoya soils on erosion remnants, and soils less than £0
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Soil Map Units on Pecos National Monument
(Source: U. S. Department of Agriculture, Soil
Conservation Service, Las Vegas, New Mexico)
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inches thick in streambeds that are similar to San Jose soils.
Slopes within the Bad land unit vary from 0 to 65 percent (USDfl
1981, p. 12).

The Badland complex is considered useful only

for wildlife habitat by the SCS.
The second soil unit recognized within the Monument is
the Vibo-Ribera association.

This unit is found on the higher

ground west of Glorieta Creek, on top of the mesi11a south of
the North Pueblo, in the grassy area east of the mesi1 la. and
on a small part of the mesi11a that extends into the northeast
corner of the Monument grounds from the north (Figure 6).

The

major soils in the unit are Vibo fine sandy loam <50 percent)
and Ribera fine sandy loam (30 percent).

There are also some

small areas of Bernal and Sombordoro soils on ridges, Manzano
soils on fans, Teco soils in depressions, and some Quintana
soils at the margins of the mapped areas.
Ribera association are from 1 to 3 percent.

Slopes in the ViboThe Vibo-Ribera

soil unit is considered useful for dryland crops, livestock
grazing, woodland, and wildlife habitat by the SCS.

It is the

only soil unit found on the Monument that is classified as
useful for crops.
The third soil unit found in the Monument, the ViboRock outcrop complex, includes the eastern slope of the mesi11a
south of the Mission ruins, most of the area along the eastern
boundary, the southwestern slopes of the mesi11a. and the
southern portion of the Glorieta Creek floodplain (Figure 6).
The major soils forming this unit are Vibo fine sandy loam (40
percent), Ribera fine sandy loam (£0 percent), and Rock outcrop
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(15 percent) that is found on ridges and steep slopes.
Vibo and Ribera soils are typically found on alluvial fans in
this soil unit.

There are also small areas of Sornbordoro and

Tuloso soils on ridges and benches, Manzano soils in drainageways, and Ustifluvents (frequently flooded alluvium) in gullies
and on fans.
percent.

Slopes in this soil unit range from 1 to 10

The Vibo-Rock outcrop complex is considered useful

for livestock grazing, woodland, and wildlife habitat.
The fourth soil unit is the Ribera-Sombodoro-Vibo
association.

It is found

in

Lightning parcel (Figure S).

the area known as the Forked
The major soils in this unit are

Ribera loam (4© percent), Sornbodoro very stony fine sandy loam
(£5 percent), and Vibo sandy loarn (£0 percent).

The rest of

the unit includes small areas of Bernal and Tuloso soils and
Rock outcrop, all of which are found on ridges.
1 to 10 percent are found in this soil unit.

Slopes from

The Ribera-

Sornbodoro-Vi bo complex is considered useful only for livestock
grazing and wildlife habibtat by the SCS.
The four soil map units that have been identified in
the Monument include two soil complexes and two soil associa
tions.

A soil complex

. . . consists of two or more soils that are so intri
cately intermingled or so small in size that they can
not be shown separately on the soil map. Each area of
a complex contains some of each of the two or more dom
inant soils, and the pattern and proportion are some
what similar in all areas (USDfi 1981, p. 11).
The soil complexes in the Monument are generally associated
with the watercourses (Glorieta Creek, the western tributary

arroyo, the streambed on the east side) and the steeply sloped
areas adjacent to them.
Soil associations are generally defined as
. . . made up of soils that are geographically associ
ated and are shown as one unit on the map. 0 soil
association has considerable regularity in geographic
pattern and in the kinds of soil that make up the
association. The extent of the soils can differ appre
ciably from one delineation to another; nevertheless,
interpretations can be made for use and management of
the soils <USDfi 1381, p. 11).
The soil associations in the Monument are found on the flat
elevated areas where larger areas of individual soils have
formed and remained in place with little intermixing and no
major disturbances.
Excluding Rock outcrops, there are IS different soil
series included in the four soil map units occuring within the
monument boundaries.

Almost all of these are reddish in color,

stony {especially where slopes exceed 5 percent), and occur as
relatively small patches.

Each series reflects its site's

particular combination of terrain characteristics and parent
material.

However, only three soil series <Ribera, Sornbodoro,

and Vibo) are considered to be major in these map units.
Soils in the Sornbodoro series are very shallow, well
drained, and formed irr material derived from sandstone.

They

are found on uplands with slopes between 0 and 40 percent.
Sandstone bedrock is typically found Q to 20 inches <S0 to 51
cm) below the surface.

Sandstone rock fragments more than

than £ feet (61 cm) in diameter are common, and there is little
profile development.

The Sornbodoro soils typically have a thin
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A horizon and a thin B horizon which lies on hard, red sand
stone bedrock <USDA 1981, pp. 73-4).
The soils in the Ribera series are deep, well drained
soils formed in eolian and alluvial deposits of material
derived from sandstone and shale.

They are usually found ori

uplands and shallow accumulations of alluvial debris, areas
with slopes of 3 to 9 percent.

Bedrock is usually found £0

to 40 inches (51 to 102 cm) below the surface.

The soils in

the Ribera series typically have a thin fl horizon, a thick B
horizon that is usually subdivided into three parts, and a thin
C horizon resting on sandstone bedrock that typically has lime
deposits on its surface and in cracks (USDA 1981, p. 7£).
The soils in the Vibo series are also deep and well
drained.

They formed in eolian sediments and local alluvium.

Vibo soils are found on uplands, alluvial fans, and local
alluvium <areas with slopes of I to 5 percent).
may be up to 60 inches <15£ cm) deep.

These soils

They typically have a

thin fl horizon, a thick B horizon, and a thick C horizon that
may be up to 36 inches <91 crn) thick <USDA 13B1, p. 78).
The highly dissected nature of the Monument area
generally precludes any one of these soils from covering large
areas.

While no detailed soil map of the Monument grounds

yet exists, such a map would reveal a complex pattern of many
small areas of the various soils.
It should also be rioted that although the 5CS may not
consider certain soil map units to be useful for agriculture,
that assessment is made in the context of modern mechanized
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farming.

Archaeological evidence indicates the Pecos Indians

found many small areas useful for growing certain crops.

One

example is the ancient walled area (Figure 3) which is located
in an area classified as Badlarid (Figure 6), a soil map unit
that is not considered useful for agriculture by the SCS.

The

Indians grew crops there and arranged the stone wall around the
pueblo in, a manner that would direct runoff from the top of the
mesi11a to irrigate those crops (Bandelier 1BB1, pp. 47, 66,
86—90).

CHAPTER 6
CLIMATE
Although there are rio weather records available for
Pecos National Monument, temperature and precipitation measure
ments are made daily at the Pecos Ranger Station which is
located only two miles north of the monument.

Precipitation

records have been kept at the Ranger Station since 19£9 and
temperature data have been recorded since 1938.
Temperature records for the period 1941 to 1970 show
that the mean annual temperature in the Pecos area is approxi
mately 50 degrees Fahrenheit (10.3 Celsius).
ture range at Pecos is 38 degrees Fahrenheit

The mean tempera
<21.1 Celsius),

based on a mean temperature of 36 degrees Fahrenheit <£.0 Cel
sius) in January, the coldest month, and a mean of 74 degrees
Fahrenheit <£3.1 Celsius) in July, the warmest month (USDC,
NOAA, EDIS 1981).

Table £ provides a more detailed picture of

Pecos area thermal characteristics, including the mean daily
maxima and mean daily minima which provide the best general
indication of what to expect on a "typical" day during any
month of the year.
The highest recorded temperature, 99 degrees Fahren
heit <37.2 Celsius), occurred in July <USDC, WB 1956).

Midday

temperatures in early summer commonly reach the low nineties
until the onset of the rains and cloudy weather of late July
arid August.

The lowest recorded temperature experienced at
35
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Pecos, -27 degrees Fahrenheit (-32.8 Celsius), occurred on
January 6, 1371 (USDC, NDflA, EDS 1972).

That extreme low

cannot be dismissed as a freak occurrence, because temperatures
of "20 Fahrenheit (-£8.9 Celsius) or lower have been observed
on a number of occasions since the beginning of temperature
record-keeping at Pecos <USDC, WB 1356, 1965? USDC, ESSfi, EDS
1970; USDC, NOAft, EDS 1972; USDC, NOAA, EDIS 19S1).

Table 2
Pecos Temperature Data Summary
(Degrees Fahrenheit)
Mean Temperature
Mean Daily Max.
Mean Daily Nin.

Jan
35.6
51.6
16.S

Feb Mar flor
Hav
35.6 37.9 43.9 52.4
52.6 58.6 69.6 70.8
21.2 24.9 36.6 39.3

Record Maxima
Record Minimum

75
-27

73
-22

81
-IB

65
-06

96
17

Jun
67.3
65.5
50.4
96
19

Jul flua
73.5 66.8
62.5 76.7
54.1 50.6
99
37

93
34

Sec
61.5
75.1
46.2
94
22

Oct Nov Dee
51.2 41.0 39.3
64.4 60.7 51.6
34.7 23.1 20.4
86
14

62
-19

75
-16

NOTES! (1) Mean temperatures based on records for the period froa 1941 to 1970.
12) Mean Daily Maximum and Minimi temperatures froa 1981 temperature data.
References: U. S. Department of Cowerce, Heather Bureau 1956; U. S. Department of Co—rce, National
Oceanic and Atmospheric Administration, Environmental Data Service 1972; U. S. Departaent
of Coanerce, National Oceanic and Atmospheric Administration, Environmental Data and
Information Service 1901

Pecos records, as well as those from the Las Vegas, New Mexico,
airport, which is at approximately the same altitude as Pecos
(Pecos 6900 feet, Las Vegas airport 6857 feet) and only 30
miles (48 km) to the east, indicate that the Pecos area no»—
rnally has about 135 to 145 frost-free days during the summer
months (USDC, NDflfl, EDIS 1981; USDft 1981), yet the data in
Table 2 show there is a chance of freezing temperatures in all
months except July and August.
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A summary of precipitation data for the Pecos area is
shown in Table 3.

The mean annual precipitation, based on the

30 year period 1941 to 1970 is 15.33 inches <389.33 mm) <USDC,
NORA, EDIS 1981).

This mean and the monthly means vary

slightly from the averages for the S3 years of record, but the
mean values in Table 3 are adequate for comparison and evalua
tion of precipitation data for any time period of interest, as
well as for standardized comparisons between Pecos and sur
rounding stations.

Table 3
Pecos Precipitation Data Summary
(Inches)
Jan Frit Har Aor Hav
Normal (Total 15.33) 9.59 0.64 0.93 0.83 0.96

Jim Jul Hug Sep Oct
Nov Dec
1.13 2.90 3.46 1.59 1.07 0.47 0.76

Record Maximum
(Year)

1.56 0.99 2.81 2.68 2.85 3.40 4.70 6.77 4.51 5.29 1.80 1.43
1957 I960 1958 1969 1954 I960 1957 1969 1958 1957 1957 1959

Record Minimum
(Year)

8.68 T
0.00 T
0.26 T
1.46 1.87 0.51 0.00 T
1956 1954 1956 1956 I960 1957 1959 1960 1956 1955 1955

1969 (Total 83.81) 0.84 0.07 1.36 2.68
1956 (Total B.13)
NOTES: (1)
(2)
(3)
(4)
(5)

0.80 0.81

0.00

T

T
1954

1.58 0.63 2.25 6.77 3.35 1.86 0.15 0.67
E1.54 0.97 1.90 El.95 0.02 0.49 0.18 0.27

The year of last occurence is shown when equal values have been recorded in other years.
Normal annual precipitation is based on the period from 1941 to 1970.
1969 is the mettest year on record and 1956 is the driest year on record.
T=Trace of precipitation. Some precipitation occurred, but too little for measurement.
E=£stimated, sow records in doubt or Kissing.

References; U. S. Department of Commerce, Heather Bureau 1965; U. S. Department of Ccaerce, National
Oceanic and Atmospheric Administration, Environmental Data Service 1970) U. S. Department
of Ccmmerce, National Oceanic and Atmospheric Administration, Environmental Data and
Information Service 1S61
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The wettest month is usually August (3.46 inches or
87.9 mm) when precipitation typically falls from intense local
ized thunderstorms.

November is usually the driest month (0.47

inches or 11.9 mm), but the months from November through May
all average less than 1 inch (£5.4 mm) of precipitation, and
most of this falls as snow.

The total precipitation for the

driest year on record, 1956, was only 8.13 inches (208.5 mm)
while the total for the wettest year, 1969, was 23.01 inches
(584.45 rnrn) (USDC, WB 1965? USDC, ESSA, EDS 197C).

Annual

precipitation in any given year may be 50 percent above or
below the mean annual total.

Large variability such as this

is characteristic of roost semiarid areas.
The Pecos area receives most of its winter precipita
tion from frontal systems when strong winds in the upper atmos
phere push storms from the north Pacific Ocean across the area.
Only 27.5 percent of the mean annual precipitation occurs
during the coldest six months of the year (November to April),
while 72.5 percent falls during the warmest six months (May to
October).

The summer rainfall in the Pecos area is due to

orographic lifting of warm, moist air advected into the area
from the Gulf Of Mexico.

As the precipitation data in Table 3

indicate, summertime precipitation increases in July, reaches
a peak in August, and decreases in September.

Nearly 52 per

cent of the annual precipitation occurs in these three months,
a period sometimes called the "summer monsoon."
The eastern Pacific Ocean and Gulf of California are
also occasional contributors of atmospheric moisture
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precipitated in the Pecos area.

Moisture from these sources

reaches the Pecos area when warm, moist tropical air is lifted
aloft by a tropical storm near the Baja California peninsula
and carried into the Pecos area by strong upper-level south
westerly winds.

In some cases, an entire storm system from the

Baja area may migrate inland as far as the Pecos area.

Although

atmospheric moisture from the Baja area may reach Pecos at any
time of the year, this most commonly happens during the late
summer and fall, the time of year when most tropical storms
occur in the southeastern portion of the North Pacific Ocean.
Snowfall data for Pecos in the form of a summary of
mean snowfall was included in a climatic summary for the period
from 1931 to 1952 (Table 4) (USDC, WB 1956).

The mean annual

snowfall for the period prior to 1931 is 41.5 inches (1054.1
mm), which is equivalent to about 4.15 inches (105.41 mm) of
water, using the generally accepted average 10 to 1 ratio for
converting snowdepth to water equivalence.

Mean annual snow

fall for the period 1938 to 1952 is 53.3 inches (1353.82 mm),
equivalent to 5.33 inches (135.38 mm) of water.

Approximately

B0 percent of the mean annual snowfall occurs between December
and March, but snowfall has been recorded in every month of the
year at various times.
There are no data available of snow accumulation on the
ground, but since the mean monthly temperature in all months is
above freezing, any snow accumulation would be dependent on the
occurrence of subfreezing ternperatures for shorter durations
preceeding, during, and after a period of snowfall.
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Total accumulation would depend on the amount of snowfall and
any snow remaining from previous snowfall.

Under such condi

tions, there would necesarily be great variability in snowfall
accumulations from year to year.

Table 4
Pecos Mean Annual Snowfall
(Inches)
Prior to 1931
1938 to 1952

Jan Feb Mar flor
9.7 12.2 11.1 5*1
0.3 6.4 9.9 2.6

Hay
1.6
0.2

Jim
0.2
0.0

Jul flun
0.8 0.0
T
T

Sea
0.0
0.4

Oct
1.6
0.2

Nov
3.9
3.7

Dec
7.9
7.4

Notesi (1) Mean annual total snowfall for period prior to 1931 Mas 53.3 inches.
(2) Mean annual total snowfall for period between 1938 and 1952 was 41.5 inches.
(3) T « Trace
Referencei U. 3. Departwnt of P.— rr.e, Heather Bureau 1956

Using the Koeppen system of climate classification, the
semiarid Pecos climate is classified as a cold, steppe climate.
Often, such a climate is not well-suited for agriculture.
However, the seasonal distribution of precipitat ion at Pecos is
such that the greatest amount of precipitation occurs during
the summer when it is most needed by the plants in the area.
This circumstance certainly contributed to the Pecos Indians 7
agricultural successes, which were necessary to support a
sedentary, agricultural population and keep them in the area.

CHAPTER 7
HYDROLOGIC FEATURES
There are three major surface hydrologic features irr
the Monument area; Glorieta Creek, a tributary arroyo, and an
eastern streambed.

The largest and most obvious of the three

is Glorieta Creek, which has a contributing drainage area of
about 32 square miles <83 square krn).

Unfortunately, there are

no available records of streamflow data for Glorieta Creek.
The Creek is not instrumented, and water-stage recorders on
the Pecos River above and below the point where Glorieta Creek
joins the Pecos are too far apart (about 60 miles — 97 krn - by
river) to allow any estimate of the discharge from Glorieta
Creek based on discharge data for the Pecos River.
The upstream gage is located about IS miles <13 km)
above the mouth of Glorieta Creek.

The contributing drainage

area for this gage is 109 square miles <490 square km).

The

downstream gage is located about £.5 miles <4 krn) below Anton
Chico, New Mexico.

The total contributing drainage area for

the gage located below Anton Chico, including the basin of
Glorieta Creek, is 1050 square miles <£720 square km) <USDI,
U5G5 1970, pp. 565, 571; 1974, pp. 661, 664).

There are no

gaging stations on the Pecos between these points.

Table 5

provides a summary of high, low, and mean monthly discharge for
these two gaging stations on the Pecos River.
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There are a number of features affecting the flow of
the Pecos iri the 60 miles <97 km) between the two gaging
stations.

Some of those features are the result of the 061

square mile <2230 square krn> increase in contributing drainage
area.

In addition to Glorieta Creek, three other small,

ungaged creeks, four arroyos, and Rio Tecolote drain into the
Pecos.

Iri this reach of the Pecos there also are five small

darns for water storage and eight irrigation ditches draining
water from the Pecos.

The only flow records available for any

Table 5
Summary of Pecos River Streamflows at Two Locations
(9 miles north of Pecos, He# Mexico and 2.3 ailes southeast of Anton Chico, Ne* Mexico)
(Discharge, in Cubic Feet per Second, Water Year October 1%9 to September 1970)
Oct
Pecos Gage:
62.6
Mean
Maximum
102
46
Minimum
Anton Chico Gage:i»
Mean
99
Maximum
952
Minimum
14

Nov

Dec

Jan

Feb

Mar

dor

May

50.3 29.5 20.6 20.4 20.4 55.4 210
35
23
26 114 309
22
72
26
23
16
IS
17
19
70
63.2 33
55
123
31
10

31
60
9

26.9 24.6 25.7 144
32
51 250
35
20
6.6 19
22

Jun
124
170
B3

Jul

Sen

FLUD

89.4 108
203 140
50
75

54.7 236 156
114 1360 562
0.6 2.7 33

58.5
126 399
16
41
S0.7
31B
36

NOTES: (1) .Maximum recorded discharge at Pecos gage, 4500 cfs September 21 or 22, 1929, froa rating
curve extended above 1,600 cfs; Minim* 2,2 cfs March 19, 1970, result of freeieup.
(2) Flood of September 29, 1904 Mas the greatest since 1686 (no estiaate of discharge),
froa information by local residents.
(3) Maxima recorded discharge at Anton Chico gage, 40,300 cfs June 1, 1937 by slope-area
measurement; ainiaua of no fl«t at tiaes.
(4) Flood of September 29, 1904 (discharge, about 73,000 cfs) Mas the greastest since
1679, froa information by a local resident.
Reference: U. S. Department of the Interior, U. 5. Geological Survey 1974, pp. 661, 663, 664, 667
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of these features are some intermittent records for the Rio
Tecolote and one irrigation ditch.
With these limited data, two general statements can be
made about flows in Glorieta Creek.

First, the flow during wet

periods will be greater than the trickle, or absence of flow,
during drier periods.

Second, lag time between the beginning

and ending of precipitation in the area and increases and
decreases in the flow in the Creek are likely to be short due
to the Creek's relatively small contributing drainage area.
The second major surface hydrologic feature in the
monument is the arroyo that drains into Glorieta Creek in the
southwest corner of the monument.

This arroyo has a contrib

uting drainage area of about £ square miles (5.2 square km>.
It is likely to have a significant flow only when there is
snowrnelt or precipitation runoff from the higher ground to the
west of the Monument. fit other times, there may be a trickle
of water fed by intermittent springs along its banks, or no
flow at all.
The third major surface hydrologic feature is a small
catchment and streambed in the central portion of the area on
the east side of the mesilia (the slopes and grassy depression
on the east side of the mesi11a depicted in Figure 4).

Runoff

from the eastern side of the rnesi 11a collects in this area and
flows out of the Monument in the small streambed.

The stream-

bed drains into an arroyo that empties into Glorieta Creek a
few hundred yards south of the Monument.
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In addition to the drainage features discussed earlier,
there are also a few springs in the Monument.

The locations

and identification of those springs has been a source of
confusion for earlier scholars arid recent cartographers.
Recent maps of the Monument have identified a small spring,
located about 750 feet <£S9 meters) east of the South Pueblo,
as the "Poisoned Spring. "

That location does rioi: correspond

with the location of the "Poisoned Spring".described by Hewett
<1904, p. 436) and Hewett's location does not correspond with
the location of the spring described and sketched by Bandelier
<1881, p. 113), even though Hewett claimed that it did <the
approximate locations of the three springs are depicted in
Figure 3).

Winship <1836, p. 103) also seemed to be confused

about the location of the spring sketched by Bandelier.
Bandelier interpreted a part of Castenadas description
of Pecos Pueblo as, "The village is surrounded besides by a
stone wall of rather low height.
be cut off."

There is a spring which might

Bandelier then states ". . . as for the spring,

it still trickles out beneath a massive ledge of rocks on the
west side of the arroyo, nearly opposite to the field (Bande
lier 1881, p. 113)."
Winship interpreted Castenada 1 s description in a
slightly different manner.
wall of stone.

There is a spring of water inside, which they

are able to divert."
the spring

"The village is inclosed by a low

Then, in a footnote, Winship states

. . was still trickling out beneath a massive

ledge of rocks on the west sill (sic) ..." when Bandelier
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sketched it in 188(9 (Winship 1896, p. 103).

The contradiction

is that if the spring sketched by Bandelier was located within
the perimeter of the wall (which enclosed the North and South
Pueblos in Bandelier's sketch - 1881, p. 45), the spring would
be on the east side of the arroyo, not on the west side of the
arroyo as Bandelier stated.

Since each writer attempted to use

the same spring to support his translation of Castenada's
description, it seems that one of the translations might be
less accurate than the other and that Winship did not pay
attention to the location of the spring described by Bandelier
with respect to the arroyo and the wall surrounding the pueblo,
Hewett provides a measure of support for Bandelier*s
spring location and both translations in his discussion of the
"Poisoned Spring:"
Of the two springs used by the village, the one on the
left bank of the arroyo and which never failed, as the
one on the right bank sometimes did, is so situated as
to receive the drainage of both the church cemetery and
the old communal burial mound. It is a singular fact
that to this day the Mexicans of the valley speak of
this as the "Poisoned Spring." fls my party proceeded
to Pecos to make camp in the summer of 1899, we were
warned by the Mexicans riot to use the water from the
"Poisoned Spring" (Hewett 1904, p. 436).
The spring ort the right bank (west side) of the arroyo probably
was the one sketched by Bandelier, so his stated location of
a spring has some support.

The reference to another spring on

the left bank (east side of the arroyo) does not offer evidence
to discredit Bandelier 1 s translation, but it does add a measure
of credence to Winship's translation, since that spring could
have been within the perimeter of the wall.

However, it does

not alter the conclusion that Winship confused the west side of
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the rnesilia with the west side of the arroyo when he cited
Bandelier's location description in support of his translation.
Hewett's description of the springs also suggests that the
location of the "Poisoned Spring" (east of the rnesi 11a) which
is shown on modern maps is in error.

It may be that recent

cartographers began to identify that spring as the "Poisoned
Spring" when Hewett T s "Poisoned Spring" either could not be
located or someone confused the east side of the mesi11a with
the east side of the arroyo, similar to Winship 1 s apparent
confusion over the western sides of the arroyo and the rnesi 11a.
While there has been some confusion regarding the
locations of springs in the Monument, the locations of aquifers
below the surface have been documented in a more accurate
manner. fl new water well was drilled in the Monument as a
preliminary step for a proposed new Visitor Center.

The well

log records that small amounts of water were encountered in a
number of layers between the surface and B® feet
feet (38 m), and at 2S0 feet (73

<24 fit), at 125

below the surface, but not

rn)

in sufficient quantities for a well.

Only two aquifers with

sufficient water for use as a water supply were found between
the surface and 56® feet (171
between 315 feet OS

rn)

in).

The upper aquifer was found

and 350 feet (107

aquifer was located at 500 feet (152

rn)

rn)

and the lower

(USDI, NPS 1979).

Test pumping showed that the upper aquifer could yield about 40
gallons per minute for prolonged periods with no adverse effect
on the well, while the lower aquifer could yield between 40 arid
55 gallons per minute.

The upper aquifer was selected for use
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as the water supply for the proposed new Visitor Center,
undoubtedly to keep pumping costs as low as possible.
The early descriptions of Pecos by the sixteenth
century Spanish conquistadors suggest that surface and near
surface water availability was greater than it has been in more
recent times.

The summary of those first descriptions, written

by Obregon in the late sixteenth century, indicates that both
Glorieta Creek and the strearnbed on the east side of the
mesi.l.la had water flowing in thern, perhaps perennially (Hammond
arid Rey 1928).

That may have been merely the result of a

period of wet weather and not the usual condition.

However,

given the Pecos Indians* probable dependence on surface and
near surface water for their crops and personal use, it would
seern likely that the Indians would have settled closer to the
Pecos River than they did if there had not been a reliable and
adequate supply of water in Glorieta Creek.
More recently, Bandelier (1861, p. 114) described the
flow in Glorieta Creek as "... a fillet of clear water . . ."
during his visit from August 28 to September 6, 1880.

In June

arid July, 1981, Glorieta Creek in the Monument area generally
was from 18 to 36 inches (46 to 91 cm) wide and from £ to 6
inches (5 to 15 cm) deep.

While the term "fillet" is vague,

the present day flow in Glorieta Creek seems to be about the
same as it was when Bandelier visited Pecos.

The apparently

reduced flow in the Creek between the sixteenth century and the
present (if the early Spanish accounts are accurate assessments
of the general flow in Glorieta Creek) may simply be the result

4a
of a slightly drier climatic period, or it may be a reflection
of changes in the area due to human activities over the past
four centuries.

CHAPTER 8
HISTORY OF LftND USE
The interpretation arid understanding of any landscape
is dependent on knowledge of previous events and land uses.
Such information is riot always readily available. Often it must
be compiled from a variety of sources.

This is especially true

in the case of a site with a long history of human occupance.
Agriculture has been practiced in the Pecos area for more than
a rnillenium and raising livestock has been an important part of
the economy for Pecos area residents for four hundred years.
Uhile the introduction arid practice of raising domesticated
livestock at Pecos can be traced in the written record, the
story of early agriculture is more speculative.

There is no

doubt, that agriculture was an integral part of the Pecos way of
life when the first Spaniards arrived there in 1540.

Some of

the first accounts of Pecos rioted that the buildings were four
or five stories high and that the Pecos residents raised corn
beans, arid squash, but they apparently did riot raise cotton or
fowl as did the residents of the Rio Grande pueblos <Winship
1896, pp. 103, 205, £23).
Pecos pueblo is referred to by two different names in
the literature, Cicuye and Pecos.

Some cornrnerits about these

names are necessary to avoid confusion.

The various accounts

kept by members of the Coronado expedition refer to Pecos as
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Cicuye, Cicuique, Cicuic, and Acuique (Winship 1896),

These

are thought to be variants of the inhabitant's name for Pecos
(Kessell 1379, p. 5).

The Spaniards of the 1590 de Sosa

expedition used the word Pecos, thought to be derived from
Paequiu <Schroeder and Matson 1965, p. 81), or from Peago,
peaku, or Peko which was probably descendant from Paqulah or
Pekush, the name for Pecos pueblo used by the inhahitants of
Jemez pueblo (Kessell 1979, p. 5-6), which is located about 60
miles <96 km) west of Pecos.
Archaeologists and historians have studied both the
early literature about Pecos and the Pecos area for more than
one hundred years.

Adolf F. Bandelier provided the first

systematic survey of the site and setting iri 1881, as well as
the first recorded scholarly speculation about the sequence of
human occupance.

His tentatively presented sequence consisted

of three epochs of occupance: (1) Pre-tradit iorial, <2) Tradi
tional arid documentary, and <3) Documentary (Bandelier 1SS1,
p. 104).

Pre-traditional referred to time prior to the build

ing of the pueblos.

Traditional and documentary was the period

from the start of "Old Pecos" <Forked Lightning pueblo) until
1598, when the first Spanish colonizers arrived in the area.
Documentary referred to the period from 1598 to 1838.

This

general framework has been refined and expanded by others.
Thirty five years after Bandelier's initial survey and
report on the Pecos ruins, Alfred Vincent Kidder began the
first of ten seasons of archaeological work conducted between
1915 and 19S9 under the auspices of Phillips Academy.

The work

was riot confined to the Pecos pueblo but included several smal
ler sites nearby.

Kidder selected Pecos

. . because of the

presence on the surface there of fragments of all (ceramic)
wares then known to occur in the Upper Rio Grande, as well as
those of the Little Colorado and from about the Hopi towns.
This, of course, suggested both long occupancy arid wide trade
relations" (Kidder 1958, p. xii).

Kidder was interested in

establishing a chronological sequence for pueblo ruins in the
Southwest based on the stratigraphic dating of various pottery
types found in the rubbish heaps at Pecos.

The sequence of

pottery types had been established by the time Kidder published
his first report ori the work (Kidder 1924), but a number of
other questions concerning decorative art, the mechanics of
pueblo growth, and population sizes indicated further work at
the site was desirable.
Kidder did not propose dates for the various pottery
types in his 1924 report.

Six years later the earliest pottery

period <Black on White) was suggested to have been from 800 to
950 ft.D. by Hooten. ft footnote to those dates stated they were
offered prior to ari ft. E. Douglass estimate (based on tree ring
data) that Pecos area pueblo building began about 1100 ft.D.
(Hooten 1930, p. 339).

Kidder agreed with Douglass when he

wrote:
I think one would not be very far wrong in guessing
that between 1000 and 1100 ft. D. the first pueblo people
moved into the valley. Up to that time, apparently, it
had been untenanted by sedentary, agricultural Indians,
for no trace has yet been found there of the early
Southwestern cultures ..." (Kidder 1932, p. 1).

The recent discovery and excavation of two pithouses cm
the Monument provided evidence of early sedentary, agricultural
Indians that eluded earlier investigators.

Remains found iri

the two pithouses indicate they were occupied between 60© and
900 fl. D. by farming people who grew corn, gathered edible wild
plants, and hunted local game animals (Nordby 1381, p. 7).

The

gap of £00 to 400 years between the pithouses and the pueblos
in the archaeological record is at least partially due to the
difficulty of identifying and dating sites, but it seerns likely
that the Pecos area was continuously occupied, and development
paralleled that of other sites with similar cultures.

If so,

the evidence from the pithouses indicates that agriculture had
a tradition of more than seven hundred years when the Spanish
first arrived at Pecos.
What is more certain from the archaeological evidence
is that the population in the Pecos area began to increase
about 1200 fl.D. and two large pueblos were constructed (Nordby
1981).

The Indians spread out in the valley and by 1300 fl.D.

there were several pueblos in the Pecos area and numerous small
structures (one to three rooms) thought to have been temporary
dwellings used by farmers tending their fields (Kidder 1958,
Fliedrier 1979, Nordby 1981).
The period from 1300 to about 1450 fl.D. saw the gradual
coalesence of the population at Pecos pueblo as the other
pueblos in the valley were abandoned, but there is no clear
reason why this happened.

Kidder (1932, 1958) suggested the

cause was an increasing number of raids by nomadic Indians, but
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Nordby (1901, p. 11) argues that

. . as far as is now known,

they (the nomadic Indians) did not arrive until ft. D. 15C0-1525
arid probably not in sufficient numbers to affect entire regions
of large pueblos."

He suggests the reason may have been a need

for more manpower for irrigation or

. . from population

pressures on the available agricultural land that fostered
competition and war between pueblos.

Archaeologists are still

unsure, but when the Spanish conouistadores first encountered
the people of Cicuye, they found the stronghold of a successful
warrior people. .

(Nordby 1931, p. 11).

Those first conquistadors were a small detachment of
men from the Coronado expedition, under the command of Captain
Hernando de fllvarado. In 154®, they were led from Zuni pueblo
in the Rio Grande Valley to Cicuye by an Indian from Cicuye who
the Spanish dubbed Bigotes in reference to his long mustaches.
Bigotes is thought to have been a war chief and possibly a
trader (Kessell 1979, p. 6).

Even though the Spanish had seen

rnany other pueblos in the Rio Grande Valley during their trip,
Cicuye was very impressive.

Cicuye was located on the eastern

frontier of the pueblo region, at the northern gateway between
the pueblos in the Rio Grande Valley arid the Great Plains to
the east.

It was a thriving trade center that dealt in goods

from wide-spread sources (Kidder 1932, Riley 197B, Kessell
1979).

Buffalo robes from the plains, parrots from Mexico,

shells from as far away as the Pacific Ocean, chipped stone
iteMs, and slaves were traded at Cicuye.

Cicuye was both an

important eritrepreneurial-redistribution center and a
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manufacturing center for stone and shell items (Kidder 1932,
p. 194; Riley 1978, p. 54).
In 1540, Pedro de Castenada wrote:
Cicuye is a village of nearly five hundred wai—
riors, who are feared throughout that country. It is
square, situated on a rock, with a large court or yard
in the middle, . . . The houses are all alike, four
stories high. . . .
Cicuye is in a little valley between mountain
chains and mountains covered with large pine forests,
There is a little stream which contains very good trout
and otters, and there are very large bears and good
falcons hereabouts (Winship 1896, pp. 103, 105-6).
The Coronado expedition was intermittently in the area
of Cicuye for about eighteen months before returning to New
Spain (Mexico) in early 1542.
make the journey back.

However, a few members did not

Father Padilla, two Indian helpers, a

Portuguese soldier, and several servants went east to the Great
Plains in search of the mythical Seven Cities of Gold.
Padilla was killed and the soldier captured by Indians.

Father
He

escaped a year later and fled south to New Spain, as the two
Indian helpers had done before him.
Another Franciscan, Father Luis de Ubeda, also decided
riot to make the long journey back to New Spain.

The aging

Father "arid a number of sheep" remained at Cicuye to attempt
to convert the Indians to Christianity (Uinship 1896, p. 126).
It is not certain whether Father Luis lived out his life or was
eventually killed by the Indians, but the sheep did not survive
the next four decades.

Those few sheep left at Cicuye repre

sent the first known attempt to establish domesticated European
livestock with the Southwestern Indians.

This fact was noted
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early on by Bancroft (1663, p. 66), who also suggested horses
left behind by the Coronado expedition may have been the source
of the large herds of horses that roamed northward over the
plains iri later years.
Four decades passed before the next Spaniards visited
Cicuye.

In 1565, a small group of soldiers led by Antonio de

Espejo stopped to demand supplies.

They fought a battle to get

them, kidnapped two Indians for guides, and rode away.
Another seven years passed before the Spanish attempted
to settle in the upper Rio Grande Valley.

An expedition led by

Gaspar Castano de Sosa entered the area with the intention of
establishing a colony.

The expedition did not have official

authorization to be in New Mexico so the entire group was
arrested in March, 1591 and escorted back to New Spain by a
detachment of soldiers sent after them.

The description of

Cicuye recorded in de Sosa*s journal on January 1, 1591 reads
in part:
There were in this pueblo five plazas. There was a
very great amount of maize . . . There were persons
who thought arid said there (must be) more than 30,000
faneoas of maize, because every house had two or three
rooms full. It is the best maize that was seen. There
were many beans. The corn was of many colors, and the
same (is true of) the beans. Apparently there was corn
from the two previous years. They have many green
(oui1 ities. from Aztec qui 1 it 1) and calabazas (pumpkins
or gourds) in their houses (arid) many things for the
cultivation of their corn fields (Schroeder arid Matson
1965, p. 99).
A faneqa is equal to £.577 bushels, so the Indians store of
maize exceeded 77,0Q0 bushels if the estimates were reasonably
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accurate.

That is over 35 bushels per person based on an

estimated population of 2000 people <Kessell 1979* p. 489).
Food was not the only commodity stockpiled by Cicuye
residents.

"They have much provision of wood and timber for

making their houses, in such fashion, as they gave us to undei—
stand, that when any one wanted to build a house, he (already)
has the timber there on the spot for the purpose, and there is
a large amount" (Schroeder and .Matson 1965, p. 101).
The de Sosa journal contains little other information
concerning the surrounding area.

R single entry on January 6,

1591 states the night was spent in "a ravine with many pines"
about two leagues west of Cicuye, arid there are two notes on
the weather.

The Spanish were astonished by the winter cold.

The January 5th entry states

. . the weather was so severe

with cold winds arid snows, an unbelievable thing, that the
rivers were completely frozen at that time <Schroeder and
Matson 1965, p. 103)."

A second entry in the diary tells

of conditions while crossing Blorieta Pass two days later:
On the 7th of the aforesaid, we set out from this
place and continued crossing this mountain in the
extreme cold and snow with the two Indians guiding us.
When we came out from the mountain, we came upon a
river, all frozen, which the horses passed over without
breaking <the ice).' In order to water the horses, we
had to break it (the ice) by hand because some water
was flowing under the ice, and thus we crossed over
(the mountain) (Schroeder and Matson 1965, p. 110).
The frozen rivers may explain the absence of a journal entry
for crossing the Pecos River as they approached Cicuye.

The

omission left Bandelier (189£, pp. 135-6) uncertain of the
identity arid location of the pueblo described in the de Sosa
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journal entry for January 1, 1591.

Subsequent scholars have

agreed that the pueblo was Cicuye (Schroeder and Matson 1365;
Noble 1981).

If the Pecos River was solidly frozen over or

flow was at an extremely low stage because its tributaries
were frozen, the crossing could have been like crossing a dry
river bed or a small brook and could have passed without any
comment in the turmoil surrounding their arrival at Cicuye.
The de Sosa expedition made two important contributions
to the historical record.
Cicuye arid its inhabitants.

One was the excellent description of
The other was the introduction of

the name "Pecos" for the pueblo, a name that has been used from
that time to the present.

To parallel historical usage, only

the name "Pecos" will be used from this point in this text.
The next colonizing expedition to the area, led by Juan
de Onate y Salazar in 1598, was authorized by the Crown and
wel1-prepared. ft final inspection and inventory at the start
of the trip north records they had 83 carts of supplies and
over 8000 animals.

The livestock included horses, mules arid

asses, hogs, goats, sheep, oxen, beef cattle, arid milk cows
(Towne arid Wentworth 1945, pp. ££, £5j Hammond arid Rey 1953
pp. £15-308).

The expedition proceeded north on a route that

followed the Pecos River and approached Pecos from the plains
to the east of Pecos.

After a brief stop at Pecos in July,

the expedition traveled on to San Juan Pueblo in the Rio Grande
Valley (about £5 miles north-northwest of modern Santa Fe).
Two months later, in September, two of the Franciscans
with the expedition, Father Francisco de Sari Miguel and Juan de
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Dios (a Mexican Indian lay helper), returned to Pecos to try to
start a mission there.

They were recalled in less than three

months because of an Indian uprising at Acorna Pueblo (Kessell
1379, pp. B2-B6).

Their efforts at Pecos were not documented,

so there is only speculation concerning their accomplishments.
The major question has been whether or not they were the
builders of the Lost Church (Figure 4), located about 1000 feet
north-northeast of the North Pueblo (Hayes 1974, pp. £-3;
Kessell 1979, p. 84).
There was no further effort to establish a mission at
Pecos for about two decades.

The dates are not certain, but

sometime between 1617 and 1619 Father Pedro Zambrano Ortiz was
able to establish a permanent mission at Pecos.

This probably

was the time when raising domesticated livestock was introduced
to Pecos on a continuing basis.

Livestock and agriculture were

fundamental to the Franciscan efforts to convert the Indians.
In the words of Towne and Wentworth (1945, p. 29), "From the
Rio Grande to the Golden Gate, not a mission was started whose
domestic economy was not founded upon the flock."
exception to this rule.

Pecos was no

Archaeological and written evidence

suggests that after about 1620 or 1630 the Pecos Indian diet
included horses, asses, cows, sheep, goats, chickens, peaches,
and wheat, all of which were of European origin (Kidder 1932,
pp. 4, 135, 303; Kessell 1973, p. 219).
The establishment of a permanent mission at Pecos was
followed by the construction of a large church in the 1620's.
Many of the Pecos Indians became skilled carpenters during this
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period.

Chavez <1971) suggests that the population decline at

Pecos in later years may have been hastened when carpenters
took jobs at other pueblos and decided not to return to Pecos.
A general uprising by the Pueblo Indians in New Mexico
in 1680 drove the Spanish out of the area for more than a
decade.

When the Spanish returned to the area in 1692 they

found the Indians had destroyed a great deal of what earlier
Spanish colonizers had built, including the church at Pecos.
A new group of Spanish colonizers, led by don Diego de
Vargas, entered New Mexico in 1693.

They brought about 90©

head of sheep, cattle, arid other stock, as well as 1000 mules
and £000 horses (Towne arid Wentworth 1945, pp. 38-3? Kessell
1979, p. £55).

Two hundred head of sheep were donated to rhe

Franciscans by de Vargas to help reestablish the missions.
The Pecos mission was the first of the New Mexico
missions to be reestablished by the Friars, in September, 1694.
ft temporary church was built that year and enlarged in 1696
(Hayes 1974, pp. 9-11; Kessell 1979,pp. £74, £92).

Some nine

years later, in 1705, construction of a larger church was
begun.

It's doors opened to the west and it was less splendid

than the first large church.

The doors of the earlier church

had opened to the east, so neither the size nor the orientation
of the visible ruins corresponded to the early descriptions
of the church at Pecos.

Prior to excavations at Pecos in 1967,

there was a general acceptance by scholars <e.g. Kubler 1940)
that the existing Pecos ruins were the ruins of the original
church, which they thought the Franciscans had rebuilt in the
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early part of the eighteenth century.

The truth of the matter

came out in 1967 when the visible ruins were proven to be
the ruins of a newer structure that was built directly over
the foundation of the earlier church (Hayes 1974, p. xiii).
The church was finished around 1716 or 1717, but it is not
certain whether Pecos was a full time mission at the time it
was completed.

It was a visi,ta in later years (meaning a

priest would visit occasionally but did not reside there) arid
may have been a visita at the time the church was completed.
The population at Pecos began to decrease after 1620.
There were still about £000 residents in Pecos in 1620, but by
1694 the population had dropped to 736 and to 123 by 1800 (Kessell 1979, pp. 489-491).

While Chavez (1971) attributed some

of the losses to carpenters not returning to Pecos after work
ing at other pueblos, the major reasons are more likely to have
been smallpox, Commanche and flpache raids, and epidemics
resulting from using contaminated water supplies (Kidder 1924,
p, 14; Kessell 1979, pp. 163, 361-3, 410, 434).
The Pecos population decline during the eighteenth
century rapidly lessened the ability of the pueblo dwellers
to defend themselves against raids.

They were forced to give

up irrigated fields along the Pecos River and to use water from
wells near the pueblo rather than carry good water from the
river.

Water from some of the nearby wells and springs failed

in times of drought and the Pecos residents had to resort to
using water from "Poisoned Spring", which may have been the
cause of some of the epidemics.

The Indians longtime custom of
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throwing refuse off the sides of the rnesi 11a and then using the
refuse heaps for burials made it very probable that surface
runoff and shallow subsurface flow would be contaminated, as
would any springs fed by those flows, a fact noted early on by
Hewett (1904, p. 436).

It is very possible that more than one

spring near the base of the mesi11a deserved to be called
"Poisoned Spring."

The location east of the rnesi.l.ia that is

shown on recent maps (e.g. Figure 3) may be just as correct as
the location west of the mesi11a described by Hewett in 1904.
The combination of raids by hostile nomads and a succession of
epidemics of smallpox and other diseases reduced a powerful
pueblo with a population of £000 to 123 people tending only a
few cows and no goats or sheep in 1801, according to a report
by Father Merino (Kessell 1979, 421).
fl few Hispanic families and Indian families from other
areas began to settle to the north and south of Pecos in the
second decade of the Nineteenth century.

The population in the

area a mile or so north of the pueblo began to increase rapidly
after lfl£5 as more settlers arrived from other places.

That

area was more desireable due to the ease of irrigating fields
with water from the adjacent Pecos River, the same fields that
the Pecos Indians had abandoned during the previous century.
The present day village of Pecos began with those settlers.
The Indian population living in Pecos Pueblo continued
to decline and in 1B3B the last 17 Pecos Indians abandoned the
pueblo and moved to Jemez Pueblo, about 60 miles to the west.
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Jernez was the only pueblo left where Towa, the language of the
Pecos Indians, was spoken <Hewett 1904, p. 146).
Once the last few Indians were gone, the pueblo and
church had no one to watch over and maintain them.

On old man

kept a herd of goats at the pueblo and was penning thern in the
church at night in 1839 f according to a report by Matt Field
(Sunder, ed.

196®, p. £51). fis captives of Mexican soldiers

in 1841, Thomas Falconer and his fellow prisoners spent a night
at Pecos.

In his account of the ordeal, Falconer states the

soldiers made carnpfires out of wood from the pueblo (Falconer
1930, p. 93).

The church and pueblo were both in a sorry state

by 1846 and "fast crumbling away" according to reports filed
by the leaders of two sections of a military reconnaissance
that passed by Pecos in Pugust and September of that year.
Neither of the reports mentioned livestock at Pecos, but the
sketches of the ruins included with each report show goats near
them (Emory 1848, p. 30; Rbert 1848, p. 446).

The goats could

have been added to the sketches merely to enhance them, but
since Field reported a herd of goats were being kept there a
few years earlier arid there were people living" in the village
two miles to the north, it is reasonable to assume that goats
were still being herded there and were a part of the visible
landscape at the time.

The church was subjected to further

vandalism in 1858 when a squatter named Kozlowski tore down the
roof and used the beams "for building out-houses; he also
attempted to dig out the corner-stone, but failed" (Baridelier
1881, p. 4£>.

Baridelier (1881, p. 114) also noted that he
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"saw a herd of many hundred sheep and goats" being driven to a
spring on the west side of Glorieta Creek, across from the
field referred to as the "Ancient Walled Area" in Figure 4.
The surviving Pecos Indians at Jernez were awarded a
land patent in 1864 on IB,763.33 acres of land surrounding
Pecos.

Ownership of the land changed hands a number of times

after 1072 and eventually became the property of Gross-Kelly &
Company <a New Mexico corporation), Harry W. Kelly and his
wife, Ellis T. Kelly.

On June 16, 1920, Mr. and Mrs. Kelly

deeded an B© acre parcel of land that included the ruins to
Archbishop Alfred T. Daeger of the Santa Fe Archdiocese with
the understanding that the Roman Catholic Church would, in
turn, donate the property and ruins to two public institutions
for preservation and maintenance as an historical monument.
The Archbishop did that on January 2fl, 1321 when he deeded the
property to the Board of Regents of the Museum of New Mexico
and the Board of Managers of the School of American Research.
Some time after 1921, the University of New Mexico also became
a co-owner of the Pecos property.

Pecos was finally declared a

New Mexico State Monument on February 20, 1935 (USDI, NPS 1963,
p. 24).

Thirty years later, on June 28, 1965, after seven

years of study and proposals, Pecos was established as a
National Monument because of the exceptional archaeological and
historical importance of the pueblo and church ruins.

The

monument grounds, at the time of establishment, included 62.6
acres of the State Monument and 278.7 acres surrounding it that
had been donated to the United States Government in December,
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1964 by Mr. arid Mrs. E. E. Fogelson, owners of the £5,000 acre
Forked Lightning Ranch that surrounds the Monument.

In 197B,

the Fogelsons donated another 23.5 acres that included the
Forked Lightning ruins and a small triangular bit of land at
the northeast corner which extended the Monument boundary to
the highway (Figure 4).
Kessell <1979, p. 467-71) outlines the succession of
owners, claims, and legal decisions concerning the 10,763.33
acres of Pecos Indian land for the period from 1664 to 1971.
Included in his summary is a brief comment that someone, in
the period between 187S and 1913, made a fortune cutting rail
road ties on the Pecos land.

No location for this activity is

specified, but since all descriptions of Pecos from 1540 to
1881 indicate that there were few, if any, trees on the rnesi 1 la
and that the forested areas were some distance away, it seems
unlikely that the area within the present monument boundaries
was affected by the logging operations.
However, one of the traditional land uses at Pecos,
raising livestock, seems to have been a continuing influence on
the Monument grounds until adequate fencing was installed in
the late I960's.

The paucity of references to livestock in the (

vicinity of Pecos in papers subsequent to Bandelier's (1BB1)
should not be interpreted as an indication that raising live
stock in the Pecos area was discontinued for some time after
1BB0.

It is probable that since those papers were primarily

concerned with the historical aspects of the site and ruins,
contemporary landscape and land use would have seemed to have
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had little or no importance to the subject at hand.

It is also

possible that the presence of livestock in the area did not
seem to need mentioning since it was a traditional part of the
landscape in the Pecos area and quite common in all of San
Miguel County as well as many other areas in New Mexico.
Kidder (1358, p. 5) relates that the Phillips Academy party
excavated in the Forked Lightning ruins "in 1326, 1327, and
19£9, by permission of Mr. Tex Austin, then owner of the Forked
Lightning Ranch."

That not only verifies the existence of the

ranch in 1926, it also suggests the ranch (and the livestock
associated with it) had long been a well known part of the
Pecos landscape and that further comment was not necessary.
No data are available concerning the number of live
stock kept on the Forked Lightning Ranch, or in the Pecos area,
but agricultural census data from 1S5Q to 1964 for San Miguel
County indicates raising livestock was important in the County
as a whole throughout the period (Table 6), which makes it seem
very unlikely that livestock would have been absent from the
scene in the Pecos area.

There are some basic problems with

certain of the agricultural census data that preclude anything
other than a few general conclusions regarding numbers of
livestock in San Miguel County (or any where else in the south
west).

A major problem is that before 13Q0 the data did not

include all the livestock raised within any given area.
Report of the Tenth Census (USDI, CD 1883, p. xv) noted:
The fact that the agricultural schedule is
distinctly a farm schedule has peculiar importance in
connection with the statistics of live stock (sic).

The

o6
The animals reported in the census are those which are
found on farms only. Two great classes are thus
excluded, those which are kept beyond the frontier of
close arid continuous settlement, under the ranch system,
grazing over extensive ranges, as in the territories
and in portions of the states of California, Oregon,
Nevada, Colorado, Nebraska, Kansas, and Texas: and
secondly, those which are found in the settled regions,
but are owned by persons not occupying or cultivating
farms.

Table 6
Livestock Numbers in San Miguel County, New Mexico: 1050-1364
Acres in
Hales I
Year Farmland Horses Asses
1850
1060
1670
1880
1690
1900
1910
1920
1930
1940
1950
1959
1964

42,660
170,755
33,901
176,049
64,614
1,004,467
1,044,766
1,452,379
1,906,753
1,535,560
1,961,661
2,135,512
2,115,974

680
435
929 1,166
979
649
1,662 1,596
2,066 1,159
8,793 1,593
07V
7,122
7,540
879
970
7,822
5,766
317
4,512
221
T
2,792
NA
NA

Working
Oxen

CONS

Milk
Cattle

Sieen

Boats

1,433
3,943
3,236
2,180
702
NA
NA
NA
NA
NA
NA
NA
NA

2,351
8,515
4,634
1,717
1,466
1,603
3,610
1,744
1,695
2,027
2,026
925
308

320
2,019
4,571
20,867
16,712
49,484
33,895
49,339
46,741
41,273
74,854
51,329
46,818

26,726
96,682
194,309
389,934
135,137
496,281
103,620
39,710
49,044
49,769
9,833
13,845
3,819

NA
NA
NA
NA
NA
30,001
31,355
10,396
9,480
9,234
1,944
1,612
1,134

Notes: (1) NA - Not Available
(2) * - NuMber of horses includes rnles and asses
References: USDI, CO 1653, 1864, 1072, 1683, 1895, 1902
U5DC, BC 1913, 1922, 1932, 1942, 1952, 1961, 1967

There is no way to determine the distribution of
livestock over a large heterogeneous area such as San Miguel
County (over three million acres).

However, the data shown in

Table 6 do indicate trends in farming and ranching in San
Miguel County from 1650 to 1964.

The information must be
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separated into two distinct periods.

The census data for the

period from 1850 through 1830 applies to farms only, while the
data from 1900 to 1964 includes farms and ranches.

The farm

land acreages included in Table 6 are total acreages in all
cases.

Acreages for the period from 1850 to 1890 do riot

include range 1 arid arid the acreages reported are quite erratic
due to variations in the way unimproved farmland was defined
at different times.

The acreages reported for the period from

1900 to 1964 include all types of farmland as well as rangelands.

The acreages reported for this period are less erratic,

and show a general expansion irt the acreage committed to
agriculture over the period.

The data in Table 6 shows a

general increase in cattle and sheep from 1850 to 1900.

The

numbers of sheep in San Miguel County show a general decline
after 1900.

Cattle numbers range between 33,895 arid 74,854

head after 1900, with an average of nearly 49,500 head.

The

conclusion to be drawn from these data is that livestock
probably were riot removed from the Pecos area during the period
from 1870 to 1920, when there was a general increase in the
number of livestock and the acreage committed to livestock in
San Miguel County.

It is reasonable to assume that livestock

grazing was a continuing influence on the Monument's vegetation
from the early seventeenth century until the Monument's grounds
were securely fenced in the late I960's.
Even a cursory review of the history of Pecos, such as
this, reveals a long tradition of land uses that have affected
the vegetation at the site of the ruins arid adjacent areas.
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Agriculturalists traditionally remove unwanted vegetation from
their fields and the evidence suggests agriculture has been
part of the lives of Pecos residents for over one thousand
years, beginning with the pit dwellers who lived in the ninth
and tenth centuries on what is now the Monument area.
Finally, early accounts stated that the Pecos residents
had large stockpiles of wood and timbers for building additions
to the pueblo (Schroeder and Matson 1965, p. 101).

It is

reasonable to expect that the Indians cut and stockpiled the
timber they found closest to the pueblo first, and from more
distant areas only when the closest supplies were exhausted.
Early descriptions of Pecos, such as those recorded by Dbregon
(Hammond and Rey 1928, pp. 17, 335), indicate there were no
trees on the mesi 11a, which would seern to support this idea,
as well as the idea that the vegetation in the area has been
subjected to human disturbances for centuries.

CHAPTER 9
HISTORY OF VEBETftTION
The Pecos National Monument grounds and adjacent areas
have a highly disturbed vegetative cover after a thousand
years of occupance by sedentary agricultural people.

Farming,

hunting and gathering, timber cutting, and livestock grazing
have all had an effect on the vegetation in the area.

The

establishment of Pecos National Monument arid subsequent instal
lation of secure fencing around it, along with the preserva
tionist policy of the Monument's managing agency, the National
Park Service, has provided a substantial amount of protection
for the Monument grounds since 1365.

The National Park Service

policy regarding vegetation on the monument is clearly stated
in the Monument's Resources Management Plan (USDI, NPS 1970,
p. 33).
•

In general, the policy of the monument will be to
manage the vegetation, to eradicate the exotics and
encourage native vegetation to develop in its natural
succession. One exception to this is to prevent deeprooted vegetation such as piriyon and juniper from grow
ing in the cultural sites such as ruins or walls.
There will be no attempt to create any "moment of time"
condit ion.
While this policy denies any direct attempt to create a "moment
of time" condition, the policy of vegetation management may
very well result in a close approximation of some of the vege
tation types and distributions of the past.

What follows is a

brief review of the descriptions of vegetation in the vicinity
69
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of Pecos pueblo, the vegetation types found by archaeological
excavations, major disturbances to vegetative cover, arid
changes in vegetative cover shown in aerial photographs of the
Pecos area.
Pecos National Monument, at 6900 feet above sea level,
is located at the upper limit of the Pinyon-Juniper Woodland
(Pinus-Juniperus) in the Upper Sorioran life zone (Kuechler
1964; USDI, NPS 1975; NMBMMR 1977).

The Pinyon-Juniper Wood

land generally extends from 4500 to 6500 feet in elevation,
just below the Pine-Douglas Fir Forest <Pinus-Psuedotsuna)
which extends from 6500 feet to 6000 feet <Elrnore and Janish
1976).

The 6500 foot boundary between the two woodlands is an

average and the actual limit may vary from about 6000 feet to
about 7000 feet.

Even though Pecos is at 6900 feet and

conceivably could be in the Pine-Douglas Fir Forest, pinyon
pine <Pinus edulis) arid juniper < Juniper us — various species)
are the dominant tree species found on the Monument and adja
cent areas.

Table 7 is a list of some common native species of

trees and shrubs found in the Pinyon-Juniper Woodland of north
ern New Mexico (Elmore arid Janish 1976, pp. 13-9£>.

Pecos is

located adjacent to the area of transition from Pinyon-Juniper
Woodland to Pine-Douglas Fir Forest and an occasional Douglas
fir (Pseudotsuna menziesii) or Ponderosa Pine (Pinus ponderosa)
can be found among the pinyon pines and junipers.
In 1540, Castenada wrote that "Cicuye is in a little
valley between mountain chains and mountains covered with large
pine forests (Winship 1896, p. 105)."

Some additional details

Table 7
Native Trees and Shrubs Coaonly Found in the Pinyon-Juniper Woodland in Northern Net) Mexico
Coven Nan
Pinyon Pine

Faailv
Pinsceae

Genus T Soecies
Pinus edulis

Utah Juniper
Alligator Juniper
One-seed Juniper

Cupressacceae

Juniperus osteosperw
Juniperus deppeana
Juniperus wnospema

Shrub Live Oak
Navyleaf Dak

Fagaceae

Duercus turbinella
fluercus undulata

Western Virgin's Bower

Ranunculaceae

Cleaatis ligusticifolia

Canyon Grape

Vitaceae

Vitis arizonica

Poison Ivy (Poison SUHC)
Squawbush (Thrteleaf SUHC)
Snoth SUHC

ftnacardiaceae

Rhus radicals
Rhus trilobata
Rhus glabra

Peacttleaf Willow
Freeont Cottomnod
Plains Cottonwood

Salicaceae

Salix aaygdaloides
Populus freaontii
Populus sargentii

Wright Silktassel (Bearberry)

Cornaceae

Garrya wrightii

Silver Buffaloberry

Elaeagnaceae

Shepherdia argentea

Netleaf Hackberry

UlHceae

Celtis reticulata

Shadscale
Four-wing Saltbush
Uinter-fat
Spineless Hop-sage'
Black Sreasewood

Chenopodiaceae

fttriplex confertifolia
fttriplex canescens
Eurotia lanata
Brayia brands^ei
Sarcobatus veraiculatus

Breasebush

Celastraceae

Glossopetalon spinescens

Banana Yucca
Navajo Yucca
Narrowleaf Yucca
Soaptree Yucca

Liliaceae

Yucca baccata
Yucca navajoa
Yucca angustissiu
Yucca elata

Boxelder

fleeraceae

Acer negundo

Bush Mint

Labiatae

Polioaintha incana

New Mexican Forestiera
Yellow Menodora

Oleaceae

Forestiera neoaexicana
Menodora scabra

Table 7 (continued)
Co—on Nam
Singleleaf Ash
Fragrant fish

Fasilv
Oleaceae

Genus ft Species
Fraxinus anoaala
Fraxinus cuspidata var. lacropetala

Feather Dalea
False Indigo
Dunebrooa

Lcgurinosae

Dalea foraosa
flKrpha fruticosa
Parryella filifolia

Tcaatillo

Solanaceae

Lyciua pallida

Ox.Ha

Cactaceae

Opuntia irtricata

Blackbrtish
fllderleaf Hountain-Khogany
Cliffrose
flpache-pluw

Rosacea®

Coleogyne raaosissiM
Cercocarpus aontanus
Cottania stansburiana
Fallugia paradoxia

Hockorange
False Hockorange
Golden Current

Saxifragaceae

Ptiiladelphus eicrophyllus
Fendlera rtipicola
Ribes aureui

Frewnt Barberry

Berberidaceae

Berberis freiontii

Big Sagebrush
Bud Sagebrush
California Brickellia
Tasselflotter
Threadleaf Groundsel
Broe* Groundsel
Seepnillo*
Jiwy-Meed
Urc-leaf Goldenmed
Sticky-flowered Rabbitbrush
Golden Rabbitbrush
Bra* Snakemed
Spineless Horsebrush
Coppertteed

Cospositae

Artemisia tridentata
flrteaisia tpinescens
Brickellia califomica
Brickellia grandiflora
Senecio douglasii var. longilobus
Senicio spartioides
Bacdiaris glutinosa
Haplopappus pluriflorus
Haplopappus laricifolius
Chrysothawtus viscidiflorus
Chrysothams nauseosus
Gutierrezia sarothrae
Tetradyiia canescers
Dxytenia acerosa

Western Soapberry

Sapirdaceae

Sapindus saponaria var. dnasondii

Arizona Walnut

Juglandaceae

Juglans Major

Desert Ceanothus

Rhaariaceae

Ceanothus greggii

Kockheather

Frankeniaceae

Frankenia jaaesii

Green Ephedra
Torrey Ephedra

Ephedraceae

Ephedra viridis
Ephedra torreyana

Reference: Eluore and Janish 1976, pp. 13-92
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were given in Obregori* s 1584 description, which is a summary of
the descriptions by members of the 1540-42 Coronado expedition.
•bregon wrote that Pecos

. . is situated ort a high and

narrow hill, enclosed on both sides by two small streams and
many groves.

The hill is bare of trees.

Half a league beyond

the pueblo are many groves of cedar, pine, arid oak" (Hammond
arid Rey 19£B, p. 17).
Historical comments arid descriptions of Pecos and the
surrounding area subsequent to the Coronado expedition also
seern to emphasize the trees in the area, as if they were art
unexpected feature in the landscape.

On January 6, 1531, the

journal of the de Sosa expedition records a night spent in a
"ravine with many pines" about two leagues <five miles) west
of Pecos (Schroeder and Matsori 1965).

Father Benevides wrote,

in 16S5, that Pecos was in ". . . a mountainous country con
taining fine timber for construction, ..." (Kessell 1979,
p. 132).

Spanish soldiers sent to Pecos to arrest one of the

Franciscans at the mission, dismounted arid left their horses
"under some cottonwoods within sight of the convento" <Kessell
1979, p. 199).

One hundred thirteen years later, in 1776,

Father Dorninguez noted that many of the Pecos Indians were good
carpenters and that they used wood from the Tecolote Mountains
a couple of miles east of the pueblo <Kessell 1979, p. 346).
The report submitted to the 30th Congress by Lieutenent
W. H. Emory following a military recconnaissance through New
Mexico in 1846 and 1S47 describes the route from San Miguel to
Pecos with these words:

. . the face of the country
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exceedingly rugged, broken, and covered with pinyon and cedar."
Near Glorieta Pass the cover was an ". . . open well—grown
pine forest ..." <Ernory 1B4B, pp. 29, 31).

Lieutenerit

J. W. flbert, commander of another detachment of the 1B46 mili
tary reconnaissance through New Mexico, noted in his report
that the face of Glorieta Mesa was
of cedar and pinyon."

. . clothed with groves

He also noted there were groves on both

sides of the road which lay at the foot of Glorieta Mesa (ftbert
1348, p. 446).
In 1Q8B, Baridelier described the Pecos Valley as it
appeared to the traveler in a railroad car.
The Rio Pecos is crossed just beyond Bernal, and thence
on he speeds towards the west and norths to the left,
the towering Mesa de Pecos, dark pines clambering up
its steep sides; to the right, the broad valley,
scooped out, so to say, between the mesa and the Teco—
lote ridge. It is dotted with green patches and black
clusters of cedar and pine shooting out of the red and
rocky soil (Baridelier 1BB1, pp. 3B-9).
Baridelier's 1BB0 survey of the ruins at Pecos included
a number of comments concerning the vegetation in the vicinity
of the ruins.

His first comment was a general one about the

rnesi 11a. ". . . there is no tree to be seen on or about it, not
even a cedar bush, higher than a couple of feet at most"
(Baridelier 1BS1, p. 53).

When Baridelier finished his survey

and description of the ruins on top of the rnesi 11a. he turned
his attention to the other ruins and features in the area.
The rnesi 11a

. . slope towards the east and south-east is

rocky on the top, covered with sandy soil growing grama arid
very few cedar bushes, studded with ant hills . . . .

The
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little knoll to the east of the North Pueblo* the location of
the Lost Church foundation, was "... a bare sunny and grassy
level . . . ."

The field at the western base of the rnesi 11a

<the ancient walled area in Figure 3) was

. . now covered

with tufts of grama, occasional cactuses . . . ."

The top of

the rnesi 11a south of the church ruins was "... a grassy
slope, very gentle ..." for about 1000 feet (300 rn) and
beyond that the ground was ". . . covered with shrubs of
cedar ..." (Bandelier 1801, pp. B7-9, 91-£>.
fit the end of his survey of the area, Bandelier spent
one day on Glorieta mesa.

Among his notes he recorded, "The

apron of the rnesa is overgrown with fine pines" (Bandelier
1BB1, p. 100).

On the top of the mesa he noted, "Vegetation is

here more exuberant than in the valley of Pecos.

Not only do

tall pines grow everywhere, but there is a thick undergrowth of
encina; the Yucca is large and green* mountain sage covers the
soil, and grassy levels are dotted with flowers" (Bandelier
iaai, p. 101).
Thirty-four years after Bandelier's initial survey of
the Pecos site and ruins, Kidder began the first extensive
archaeological excavations at Pecos.

In the years between 1915

and 19159, those excavations uncovered the remains of a variety
of trees, shrubs and other vegetation used by the Pecos Indians
in the pueblo ruins on the mesi11a.

Present in the remains

were roof support beams of yellow pine (Pinus ponderosa) and
pinyon pine (Pinus edulis), shakes made of cedar <Juniperus).
a digging stick of oak (Quercus). numerous twigs of willow
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(Salix) and wild cherry (Rosaceae Prunits emaroinata). baskets
and cords made of Yucca, and mats made of tule (Scirpus) and
reeds or thick-stemmed grass (Kidder 19£4, p. £9; 1932, pp.
£95—301; 1958, p. Si).

Kidder (193£, p. 303) also found sun

flower seeds (Composit ae) among the Indians' foodstuff remains.
These archaeological findings confirm some of the plant types
that were common to the monument area for at least the past few
centuries.

They also verify the tree types mentioned in the

early descriptions of Pecos and its surroundings, which allows
the conclusion that within the period of the archaeological
record there has been little change in the dominant tree
species in the Pecos area.
Kidder wrote in his description of the Pecos ruins in
1915, at the start of his first season of excavations at Pecos,
"The mounds are overgrown with grass and cactus.

In rainy

seasons the wild verbena carpets the ruins with brilliant
purple" (Kidder 19£4, p. 17).

Kidder's discussion of the

artifacts uncovered at Pecos included a brief description of
the Pecos area as it appeared in the early decades of the
twentieth century:
Wood for roof-beams, for fuel and for implements
was always available. The mountains are clothed with
pine, fir and spruce; their higher levels with aspen.
The valley supports a heavy growth of juniper and pinyon, the latter a valuable source of food in years when
the trees were bearing; along the river are willows,
cottonwoods and box-elders. Scrub oak grows on the
mesa. Every sort of plant from desert to alpine could
be had within a days travel (Kidder 193£, p. 6).
Kidder*s description leaves the impression that he felt the
vegetation types and distributions had changed very little in
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the many centuries that elapsed since the Indian settlement of
the Pecos area.
While there may not have been much change in vegetation
distributions and types when the entire Pecos Valley area is
considered, a sequence of aerial photographs of the Pecos ruins
arid adjacent areas taken in 13£9, 1950, 19££, and 1973 shows
some very significant changes in the numbers and distributions
of trees and shrubs in the Monument area during that period.
However, there are some limitations on the information that can
be extracted from those photographs <which were not suitable
for reproduction for inclusion here).

First, the quality of

the photographs and the available equipment precluded identifi
cation of vegetation types other than general classifications,
such as trees or shrubs. fill estimates of sizes of trees and
shrubs noted in these photographs have purposely been limited
to subjective terms <small, medium, and large) because of the
difficulty in determining actual measurements of objects shown
in oblique angle photographs.

Additionally, there will be no

attempt to determine objective measurements from overhead
aerial views for comparative purposes since there is great
variation in scale between the various series of aerial photo
graphs of the Monument area arid the possible errors iri measure
ments are such that the data, in most cases, would have little
value.

Finally, determining the actual number of trees growing

in all areas is not considered essential to this discussion.
The interest here is change in vegetation distribution in the
Monument area, so the inclusion of numbers of trees and shrubs

70

will be limited to those areas where changes are noted.

In the

case of the western slope of the rnesi11a. the ancient walled
area has been selected for use as a representative sample area.
The 19£9 photographs, taken by Charles A. Liridberg,
show a cluster of nine small trees and shrubs located about
40 feet <1£

rn)

north of the Mission ruins.

There are a few

very widely spaced shrubs on the top of the mesi11a between
the Mission ruins and the narrow, rocky neck of the rnesilia
just north of the North Pueblo.

R few isolated shrubs can be

seen on the slope and in the grassy area east of the ruins.
There is a general cover of evenly spaced trees over the area
east of the grassy area and on the southern slope of the
rnesi 11a starting at a point about 500 feet (152 rn) eastsoutheast of the mission ruins.

The top and slopes of the

rnesi11a beyond about 300 to 400 feet (90 to 120 m) to the
southeast through southwest are evenly covered with small
trees and shrubs.
' The western slope of the mesi 1 la irr the zone from the
ancient walled area (Figure 3) north to the narrow neck of
the rnesi 11a has a few very widely spaced trees arid shrubs
growing on it. ft number of small trees or shrubs can be seen
growing in a line along portions of the north, west, and south
boundaries of the ancient walled area arid there are ten small
trees arid shrubs growing within those boundaries.

Clusters of

small shrubs can be seen on elevated areas along the sides of
the Glorieta Creek floodplairi.

The area to the west of
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Blorieta Creek is evenly covered with small to medium size
trees.
A sequence of overhead aerial photographs of the Pecos
area taken in 1958 provides a good view of the entire Monument
area, as well as adjacent areas in all directions.

Iri these

photographs it is apparent that there is a generally continuous,
even distribution of trees over the entire area with the
exception of a few fields, the top of the rnesi 11a. and the
slope and grassy area to the east.

Under magnification, it is

apparent that there has been no significant change in the
number arid distribut ion of trees and shrubs on the mesil la and
adjacent areas to the east.

One area that does show a signifi

cant change, other than an increase iri the sizes of trees and
shrubs that is undoubtedly due to £9 years of normal growth, is
the western slope of the rnesi 11a below the ruins.

There is an

obvious increase in the number of trees arid shrubs, as well as
a more widespread distribution over the entire slope, in that
area.

The trees growing along the three sides of the ancient

walled area are significantly larger and now clearly define the
south, west, arid western half of the north boundaries of the
field.

There are IS trees and shrubs growing within the field,

a 50 percent increase from the 10 that were visible in the 1929
photographs.
A mosaic of a sequence of overhead aerial photographs
of Pecos National Monument arid adjacent areas taken in 1966
shows several large areas where all trees and shrubs have
been removed.

Although both the resolution arid condition of
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the photographic mosaic are poor, some useful data can be
discerned.

There are at least 12 trees growing within the wall

that surrounds the ruins of the North and South Pueblos.

Also,

there is a cluster of approximately 45 small shrubs inside the
walled area at the southern end.

Another cluster of about 38

small to medium sized shrubs is located on the mound that
covers the southern end of the South Pueblo.

There are now

14 trees discernible irt the small cluster of trees located
about 50 feet (15 m> north of the east end of the Mission ruins
and £fl small shrubs growing around the trees.

The eastern

5lope of the rnesi 11a has 37 trees and shrubs growing on it, and
the grassy area to the east has 0 shrubs or small trees on it.
East of the grassy area, trees are uniformly distributed over
all of the area within the Monument boundaries.

There is still

a closely spaced stand of trees on the eastern slope of the
mesi 11a 500 feet (152 rn) east of the mission ruins and over 100
small trees and shrubs are growing on top of the mesi11a in the
the between the Mission ruins and the slope 500 feet (152 m>
to the east.
Mhile there is still a closely spaced, even cover of
trees on the slopes of the mesi11a south of the ruins, the top
of the rnesi 11a appears bare due to the complete removal of
trees and shrubs from that area in 1962 in an attempt to create
better grazing land for cattle on the Forked Lightning Ranch
(Sena 19S1).

Similar conditions are seen in the area to the

west of Glorieta Creek.

In that area, the slopes adjacent to

Glorieta Creek are uniformly covered by trees while the level
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areas above the slopes have only a very few widely scattered
trees growing on them, a marked decrease in tree cover from the
situation noted in the 195S photograph.
Iri comparison to the 1958 photographs, the 1966 photo
graphic mosaic shows an obvious and significant increase in the
number of trees growing on the west slope of the mesiIla.
The ancient walled area, the sample area for the western slope,
has £4 trees and numerous shrubs growing within its bounds.
This represents a 60 percent increase in the number of trees
in the sample area in the eight years between 1958 and 1966.
Another series of aerial photographs of Pecos National
Monument and its adjacent areas was taken in 1973.

In those

photographs, 32 trees and 161 shrubs are discernable within the
walled area on the top of the mesi11a.

The east slope of the

rnesi 11a has 19 trees visible on it in these photographs,
approximately half the number present in the 1966 photographs.
The grassy area to the east of the rnesi 11a is devoid of trees
and shrubs in the 1973 photographs.

According to records in

the files at Pecos National Monument Headquarters, 17 acres in
the grassy area were cleared of vegetation arid three methods of
establishing new grass were tested in June, 1969.
harrowed prior to having seed broadcast over it.

One acre was
Three acres

had seed broadcast over them followed by an application of
hydrornulch (mulch mixed with water to efficiently water and
rnulch the seed in one operation).

The third (arid largest) test

area, 13 acres, was replanted by drilling and implanting small
plugs of grass.

The records show there were five varieties of

grass used in the test; sand dropseed (Soorobolus crvptandrus) T
western wheatgrass (florcipyrort srnithii). Russian wild rye
(Secale

BED ),

blue grarna (Bouteloua gracilis), and spike rnuhly

<Muhlenbernia wriohtii).

Other than one brief notation

indicating the blue grama was broadcast, there is no record of
which varieties were broadcast or drilled and no record of
conclusions from the test.

Very precise rows of grass are

visible in the 1973 photographs, indicating that the grass in
the drilled area had neither died nor grown enough to conceal
the fact that it had been mechanically planted.
Tree cover along the eastern boundary of the Monument
<east of the grassy area and small strearnbed) appears little
changed from previous photographs.

Trees are uniformly

distributed over the entire area.
In the 1973 photograph, there are approximately 175
trees and shrubs growing on the top of the rnesi 11a in the area
east of the Mission ruins, and a uniform distribution of trees
covers the slopes around the southern periphery of the rnesi 1 la
from the area east of the Mission ruins to the western side of
the rnesi 11a.
The top of the rnesi 11a south of the Mission ruins has
some very widely scattered small shrubs visible in the 1973
photographs.

Shrubs growing on this part of the mesi11a appear

smaller than shrubs and trees that have become reestablished on
the level areas west of Glorieta Creek that also were cleared
of trees and shrubs in 1962.

The generally smaller size of

shrubs arid absence of trees on the south end of the rnesilia in
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comparison to shrubs arid trees on the level areas west of
Glorieta Creek suggests reestabl ishrnerit of large shrubs arid
trees on the mesi 11a may be significantly slower than on the
level areas to the west of Glorieta Creek.
The 1973 photograph shows that the number of trees and
shrubs growing on the west slope of the mesi11a had increased;
there are S3 trees and approximately 10® shrubs growing in the
ancient walled area, which is a £0 percent increase in the
number of trees since 1966.
There has been no discussion of vegetation in the
Glorieta Creek floodplain since the comments on the 1929 aerial
photographs.

The vegetation found in the floodplain is subject

to different conditions and influences than the vegetation
found outside the floodplain.

The greater availability of

water near the surface does not encourage deep root penetration
by plants growing in the floodplain.

Those shallow rooted

plants are easily uprooted when flooding and high velocity
flows of water occur.

Since flooding conditions do occur in

Glorieta Creek, although not necessarily on an annual <or more
frequent) basis, it is not likely that many large trees or
shrubs will ever become permanently established in the floodplain.

The occasional uprooting of vegetatation in the flood—

plai ri, followed by relatively rapid reestabl ishrnent of riparian
vegetation, prevents valid comparisons of the vegetative cover
in the floodplain over a period of years without accurate
information (which was not available) concerning flood events
arid their effects on the floodplain vegetation.
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The conclusion that can be drawn from this review of
the vegetation history at Pecos National Monument is that the
entire Monument area will never attain the appearance of a site
with undisturbed vegetation because of the current vegetation
management policy and the presence of the various ruins.
However, some of the areas not subject to vegetation management
may eventually resemble a site with vegetation that has not
been disturbed by human activities.

Those areas would then

approximate the "moment of time" when the first Indians
permanently settled in the area.

Just when that condition may

occur is uncertain and is beyond the scope of this discussion,
but the photographic record clearly documents succession
towards pinyon-juniper woodland, both on the slopes immediately
surrounding the Monument's ruins and on the tracts cleared for
range improvement in 1962,

CHAPTER 10
PLANT COMMUNITIES ON PECOS NATIONAL MONUMENT
There have been two vegetation surveys conducted on
Pecos National Monument.

Patraw (1968) collected plants

growing on the Monument arid compiled the first local flora.
Table 8 provides a summary of the plant species found in that
survey.

Included in the summary is a notation indicating

whether the species is native to the area or an introduced
species.

Lower plants <e.g. algae, mosses, and lichens) are

not included in the survey.

Grasses were also excluded from

the survey as "the names of grasses may be obtained from
the United States Forest Service (Patraw 1968, p. £)."
A group of students from the University of Arizona
working with me undertook the second vegetation survey in June,
1981.

Our purpose was to identify the principle plant commun

ities ("vegetation types"), describe their characteristics, and
map their distribution.

Because plant succession is proceeding

rapidly on the protected lands away from the Monument's central
attractions, our goal was to document the state of vegetation
in 1981 in a manner that could be replicated statistically by
any future vegetation study.

Since time and manpower con

straints precluded any attempt to compile an inventory that
included every tree and shrub, information was gathered along
four transect lines across the Monument.
85

86

Table 8
P l a n t s of Pecos National Monument, New Mexico
Cwon Na»e ftaily

Genus t Species

Native

Non-native

Pinyon Pine
Ponderosa Pine

Pinaceae

Pinus edulis
Pinu5 ponderosa.

X
X

One-seeded Juniper
Rocky Mountain Juniper

Cupressaceae

Juniperns •onospema
Juniperus scopulorua

X
X

Frenont Cottonwood
Sandbar Uillow

Salicaceae

Populus freaontii
Salix exigua

X
X

Chinese E1M

Uliaceae

Ulaus pamifolia

X

Tawrix (Salt Cedar)

Tasaricaceae

Taiarix pentandra

X

Truipet Gooseberry
Golden Current

Saxifragaceae

Hibes leptanthui
Ribes aureu*

X
X

Cholla (Cane Cactus)
Red-flowered Pricklypear

Cactaceae

Opuntia inbracata
Opuritia erinacea

X
X

Chaaisa (Rabbitbrush)
Hule-fat (Seep Uillow)
Hatchbrush
Rough White Aster
Baby Aster
Tansy Aster
Cocklebur
Goldweed (Golden Aster)
Prairie Sunflwer
Tickseed
Golden Girls
Colorado Rubber Plant
Blanket-flower
Cut-leaf Wormood
Mountain Sage (Estafiata)
Many flowered-Groundsel
Hew Mexico Thistle
Salisify (Goatsbeard)
Ccmon Dandelion
Gumteed
Easter Daisy

Cospositae

Chrysothamus nauseosus X
Baccbaris salicina
X
Gutierrezia sarothrae
X
Aster coMutatus
X
Aster hirtifolius
X
Aster bigelovii
X
Xanthiiw spinosiui
X
Aplopappus gracilis
X
Helianthus petiolaris
X
Coreopsis tirictoria
X
Chaenactis steviodes
X
Hyrenoxys richardsonii varifloribunda (native)
Gaillardia pulchella
X
Artemisia albula
X
Arteaisia frigida
X
Senecio mlticapitatus X
Cirsiui neoKxicanui
X
Tragopogon porrifolius
X
Taraxctui officinale
X
Brindelia squarrosa
X
Townsendia exscapa
X
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Table S (corit inued)
Ccmon Naiie

Faailv

Genus 8 Species

Native

Non-native

Cat-tail

Typhaceae

Typha latifolia

X

Hire Rush

Juncaceae

Juncas balticus

X

Bitter Dock (Sorrel)

Polygonaceae

Ruaex obtusifolius

X

Prostrate Knot*eed

Polygonaceae

Polygonum aviculare

X

Mexican Fimteed
Chenopodiaceae
Rossian Thistle (Tuabletieed)

Koctiia scoparia
Salsola kali

X
X

Pussley (Cc—on Purslane)

Portulacaeeae

Portulaca oleracea

X

Tansy Mustard

Cruciferae

Descuralnia sophia

X

Alfalfa
White Sweet-clover
Lupine (Blue-bonnet)
YellCM SMeet-cIover
Prairie Clover
Yellow Loco

Leguxinosae

Hedicago sativa
Melilotus albus
Lupinus aduncus
Helilotus officinalis
Petalostesua candidua
Astragalus albulus

X
X
X
X

Purple Wild Geraniu*

Geraniaceae

Geraniu* atropurpuretn

X

X
X

Gooseberry-leaf GlobenalloN Malvaceae
Swall-leaf 61cbenall««

Sphaeralcea grossulariaefolia
Sphaeralcea parvifolia X

Evening Star

Loasaceae

Mentzelia miltiflora

X

Creeping Evening-priirose
Butterfly Weed

Onagraceae

Oenothera mncinata
Gaura coccinea

X
X

Poison Milkweed

Asclepiadaceae

flsclepias subverticillata

Skyrocket

Pole*oniaceae

Silia arizonica

X

Cleft-leaved Verbena

Verbenaceae

Verbena bipinnatifida

X

White Horsenint (Bergavot) Labiatae
Blue-curls
Comon Horehound

Honarda pectinata
Trirtiostem arisonicu*
Hamibiin vulgare

X
X

Buffalo Bur
Solanaceae
Trotipillo (Bull-nettle)
Purple Thomapple
Cutleaf Nightshade
Ccmon (Black) Nightshade
Ground-Cherry (Strawberry Toaato)

flndrocera novcMexicana
Solanu* elaeagnifoliua
Datura tatula
Solanun triflona
SolanuM nigral
Physalis fendleri

X
X

X

X

X

X
X
X
X

as
Table 8 <cgrrt irmed)
Cawon Nane

Faiily

Genus i Species

Kullein
Sidebells Penstewn
Indian Paintbrush

Scrophulariaceae

Verbascua thapsus
Pensteion secundiflorus X
Castilleja integra
X

X

Comon Plantain (Indian Uheat) Plantaginaceae

Plantago *ajor

X

Wild Bourt) (Buffalo Eourd) Cucurbitaceae

Cueurbita foetidissiia

Reference: Patran 1%3

Native

X

Non-native

ag
Each of the four transects was oriented east-west
(Figure 7).

Transect number one started at the western bound

ary fence, 200 feet <61

south of the northwest corner of the

rn)

Monument and proceeded east to the eastern boundary fence.
Transect number two started at the western boundary fence £300
feet (701

rn)

north of the southern boundary fence of the Forked

Lightning ruins area and extended east to the eastern boundary
fence.

Transect number three started at the eastern boundary

fence £00 feet <61

rn)

north of the southeast corner and

extended west to the western boundary fence.
four started £00 feet (61

rn)

Transect number

north of the southwest corner at

the western boundary fence arid extended east across the Forked
Lightning parcel to its eastern boundary fence.

Total length

of the four transects was 11,773 feet (3588 m>.
Data were collected by dividing each transect into 100
foot <30.AB m) segments. fl 100 foot measuring tape was
stretched over each segment and information in three categories
was collected. fln Abney level was used to measure the slope
angle for every change of slope that was found.

The distance

to the point where each change of slope occurred and the slope
angle were recorded to allow reconstruction of the terrain
profile along the transect.

Some of these topographic data are

employed above in discussion of the Monument's physical areas
(see Chapter 3).
Data concerning surface materials and their position
along the transect lines were also recorded.

Some of these
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Plant Communities on Pecos National Monument
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observat ions are included irt above discussions of the soils and
physical areas on the Monument <see Chapters 3 and 5).
The vegetation data that were collected included
recording every tree or shrub that covered a portion of the
transect line by species, distance along the line, linear
distance covered, height, and (in the case of trees) breast
height diameter (BHD).

Herbaceous ground cover (HGC) in a one

square foot (.09 square rn) area was sampled at the 25 foot
(7,6 rn) and 75 foot (£3.9 rn) point of each transect segment.
Species and percentage of the sample area covered were noted,
ft total of £36 observations of HGC were made along the tran
sects.

Summaries of the data concerning trees and shrubs noted

along transects one, two, three, arid four are given in Tables
9, 10, 11, and 12, respectively.

Herbaceous ground cover will

be summarized in the discussion.

Identification of plant

species that could not be made in the field was done by Janice
Bowers, of the Office of Arid Lands Studies, University of
Arizona.
The data collected along the transect lines in 1961
indicated that approximately 15 percent of the Monument area is
-covered by trees and approximately 5 percent by shrubs.

The

dominant species of trees were junipers (0 percent coverage by
Juniperus ssp 1) and pinyori pine (6. 1 percent coverage by
Pinus edulis).

Another 0.8 percent of the Monument area was

covered by ponderosa pine (Pinus ponderosa) and a second
species of juniper (Juniperus ssp 5).

We also recorded one

Douglas Fir (Pseudotsuna rnenziesii) along transect one on the

9£

Table

3

Transect One Vegetation Statistics
(Transect One: 0 Ft. to 3895 Ft,. )
Nuaber
On Line

Plant Naae
Chrysothaanus nauseosus
Chrysothaanus ssp
6utierrezia sarothrae
Hyaenoxys richardsonii
Junipertts ssp *1
Opuntia iabricata
Pinus edulis
Pinus ponderosa
Pseudotsuga aenziesii
Salix ssp 12
Salix ssp 13
Senecio ssp

30
5
9
32
95
1
63
9
1
3
3
1

flvg. Total * of
Cover Cover Line
(in.) (in.) Covered

Heights in Inches
Nin. Max. flvg.

IB.6 557
15.0
75
8.2
74
4,4 141
59.7 5670
4.0
4
67.5 5602
55.9 503
114.0 114
131.3 394
5.3
16
21.0
21

4
5
3
2
1
36
6
6
429
36
12
12

1.2
0.2
0.2
0.3
12.1
0.0
12.0
1.1

Table

0.2

0.8
0.0
0.0

48 25.6
48 17.4
24
8.2
26
7.5
240 84.9
36 36.0
360 153.0
420 144.0
420 420.0
60 48.0
36 24.0
12 12.0

Diaeter at 60 in.
Min. Max. flvg.

0.3

5.0

1.8

0.5
5.0
12.0

12.0
15.0
12.0

4.0
9.5
12.0

1C

Transect TMO Vegetation Statistics
(Transect Twos 0 Ft. to 3400 Ft.)

Plant Hue
Chrysothaanus nauseosus
Chrysothaanus ssp
Butierrezia sarothrae
Hyaenoxys richardsonii
Juniperus ssp fl
Harrubiui vulgar*
Opuntia iabricata
Opuntia ssp
Pinus edulis
Salix ssp <2
Salix ssp 43
Senecio ssp
Verbena ssp

Hnber
On Line
23
26
13
22
44
2
8
1
29
1
4
25
6

flvg. Total * of
Cover Cover Line
(in.) (in.) Covered
33.0 758
20.2 526
80
6.2
3.7
82
84.1 3699
9.0
18
19.4 155
2.0
2
59.1 1714
16.0
16
161.5 646
7.5 188
5.2
31

1.9
1.3
0.2
0.2
9.1
0.0
0.4
0.0
4.2
0.0
1.6
0.5
0.1

Heights in Inches
Min. Max. Avg.
12 60 43.8
3 16
9.6
3 12
5.8
5.8
1 18
3 240 89.4
8
8
8.0
12 48 30.0
3
3.0
3
12 2B8 102.8
36 36 36.0
18 60 36.0
7.6
2 18
6
4.2
3

Diameter at 60 in.
Min. Max. Avg.

0.5

8.0

2.8

1.0

9.0

3.5
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Table

11

Transect Three Vegetation Statistics
(Transect Three: 0 Ft. to 3124 Ft.)
Hurter
On Line

Plant Naie
ftrtwisia frigida
flster 55p
Chrysothaanus nauseosus
Chryscthamus ssp
Sutierrezia sarothrae
Hywnoxys richardscmii
Junipertis ssp 11
Juniperus ssp <2
Opuntia ssp
Pimts edulis
Salix ssp 11
Salix ssp 12
Salix ssp 43
Senecio ssp

14
1
' 2
37
47
m

29
2
2
15
1
4
24
10

flvg. Total * of
Cover Cover Line
(in,) (in.) Covered

Heights in Inches
Hin. Max. flvg.

Diaaeter at 60 in.
Kin. Max. flvg.

38.4 425
5
5.0
59.5 119
9.1 337
7.2 338
5.3 572
43.2 1252
21.5
43
5.0
10
48.6 729
188.0 168
39.3 157
20.9 502
13.1 131

18 54 40.3
3
3
3.0
24 60 42.0
4.8
a 12
5.6
I 12
2 12
6.2
1 300 60.5
48 60 54.0
3
2
2.5
8 300 118.8
8
8
8.0
12 60 42.0
24 78 45.8
3 24 13.6

0.3
0.5

8.0
0.5

2.5
0.5

0.5

6.0

3.2

Table

1.1
0.0
0.3
0.9
0.9
1.5
3.3
0.1
0.0
1.9
0.5
0.4
1.3
0.3

12

Transect Four Vegetation Statistics
(Transect Fours 0 Ft. to 1354 Ft.)

Plant Na»e
flrteiisia frigida
Chrysothamus ssp
Cirsiua ssp
Eurotia lanata
Sutierrezia sarothrae
Hyeenoxys richardsonii
Juniperus ssp 41
Juniperus ssp 42
Marrtibiu* vulgar*
Pimi5 edulis
Pinus ponderosa
Senecio ssp

Niaber
On Line
8
2
1
1
11
26
16
1
1
13
6
2

flvg. Total * of
Cover Cover Line
(in.) (in.) Covered

Heights in Inches
Hin. Hax. flvg.

382
5
1
12
70
IK
655
120
6
617
181
12

24 60 44.3
4
3.0
2
5.0
5
5
3
3
3.0
6.5
2 20
5.3
1 10
6 204 59.6
96 96 '96.0
6
6.0
6
2 264 73.1
6 144 71.0
5 12
8.5

47.8
2.5
1.0
12.0
6.4
6.0
40.9
120.0
6.0
47.5
30.2
6.0

2.4
0.0
0.0
0.1
0.4
1.0
4.0
0.7
0.0
3.8
1.1
0.1

Diameter at 60 in.
Hin. Max. flvg.

0.3
2.0

6.0
2.0

2.0
2.0

0.3
2.0

8.0
3.0

1.6
2.3
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western slope of the rnesi 11a in the northern part of the
Monument.

The shrub recorded most frequently was Hvmertoxvs

richardsonii (180 specimens), but Chrvsothamrius nauseosus
covered the greatest percentage of linear distance (1 percent).
Rrialysis of the vegetation data collected along the
four transect lines in 1361 and the vertical aerial photographs
of the Monument area in 1973 revealed that there are at least
six distinct vegetation types within the Monument boundaries.
Figure 7 delineates the six vegetation types.

Tables 13

through 30, inclusive, provide statistical summaries of the
trees and shrubs for each vegetation type occurrence on each
transect.

The tables are titled and arranged according to

vegetation types with the transect number and location along
the transect under the title.

This allows comparisons between

and within vegetation types as well as rearranging for cornpai—
isoris along arid between transect lines.
In 1962, prior to the establishment of Pecos National
Monument, the trees and shrubs growing in several locations on
the Forked Lightning Ranch were pulled out by tractors in an
attempt to improve the rangelarid.

Land donated by the owners

of the Forked Lightning Ranch to Pecos National Monument after
its establishment in 1964 added four small areas to the Monu
ment where trees and shrubs had been removed during the 196S
range improvement efforts.

These artificially created grass

lands are referred to as Range Improvement Grasslands (RIB) for
discussion purposes.

While each of these areas has a sparse

cover of shrubs and small trees, there are significant differ
ences in the vegetation on each tract, so letter designators
will be . used to simplify area identification in the discussion.
Finally, since each of these areas was used for cattle grazing
prior to inclusion within the Monument, it should be noted that
areas P and C were fenced iri 1969 and areas B and D were fenced
after their annexation to the Monument in 1974.

In each of the

RIB areas, it is reasonable to assume that contemporary - plant
succession within the tract started after the area was fenced
and grazing livestock were excluded.
RIG area A is located on elevated, nearly level ground
west of Glorieta Creek (which coincides with riparian vege
tation in Figure 7).

The dominant species in RIG area ft is

Hvmenoxvs richardsorii i with a few other shrub species and some
small trees <42 inches tall or less) scattered over the area.
Vegetation statistics from two locations in RIG area fl are
given in Tables 13 arid 14.

There were eight samples for HGC in

RIG area ft. Blue grama grass (Bouteloua gracilis) was recorded
in five.sample areas and squirreltail grass (Sitanion hvstrix)
•was noted in one sample.

Average cover was £C percent arid

cover in individual plots varied from 0 to 65 percent.

Bare

stony soil was observed in much of this area.
RIG area B is a small triangular parcel of land located
in the northeast corner of the Monument that was annexed in
1974, along with the Forked Lightning parcel. fis shown in
Table 15, small trees are the dominant vegetation in area B.
Ponderosa pine was recorded most frequently.

Blue grarna grass
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Table

13

Range Improvement Grassland (Area A — Northwest)
(Transect One: 0 Ft. to 225 Ft.)

Plant Naw
Sutierreiia sarothrae
Hyienoxys ridiardsonii
Juniperus ssp 41

Nuiber
On Line
2
26
2

Avg. Total t of
Cover Cover Line
(in.) (in.) Covered
3.5
4.7
li.e

7
121
22

Table

0.3
4.5
0.B

Heights in Inches
Hin. Hax. ftvg.
3
2
24

4
10
42

Diaieter at 60 in.
Kin. Max. Avg.

3.5
7.0
33.0

14

Range Improvement Grassland (Area fl — West Central)
(Transect THO: 314 Ft. to 470 Ft.)

Plant Naae
Oirysotha*nu5 ssp
Gutierrezia sarothrae
Hywnoxys richardsonii
Junipertis ssp <1
Pinus edulis
Senecio ssp

Nuiber
On Line
I
3
14
2
2
3

ftvg. Total % of
Cover Cover Line
(in.) (in.) Covered
6.0
4.0
4.6
5.0
15.5
7.0

6
12
64
10
31
21

0.3
0.6
3.4
0.5
1.7
1.1

Heights in Inches
Win. Max. Avg.
8
3
2
6
16
5

B
6
16
12
42
12

8.0
4.7
6.3
9.0
38.0
7.3

Oiawter at 60 in.
Nin. Max. Avg.
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Table

IS

Range Improvement Grassland (Area B)
(Transect Or*! 3660 Ft. to 3895 Ft.)

Plant Haw
Butierrezia sarothrae
Juniperns ssp 11
Pinus edulis
Pinus ponderosa
Senecio 5sp

Kiaber
On Line
2
1
1
S
1

ftvg. Total % of
Cover Cover Line
(in.) (in.) Covered
7.5
39.0
8.0
9.2
21.0

15
39
S
46
21

0.5
1.4
e.3
1.6
0.7

Heights in Incites
Min. Kax. flvg.
7
36
12
6
12

12
36
12
36
12

9.5
36,0
12.0
21.6
12.0

Diaaeter at fid in.
Kin. Max. ftvg.
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was rioted irt two of four HGC sample areas and squirreltail was
noted in the other two.

Coverage ranged from 1 to 85 percent,

with an average of 59 percent.
RIG area C is located on the top of the mesi11a south
of the ruins arid Monument Headquarters buildings.

The most

numerous species in this area, as in area ft, is Hvrnenoxvs
ri chard sort i i.

As shown in Table 16, small shrubs abound in the

area, with only two pinyon pines and 15 junipers rioted among
the 179 specimens recorded along the transect line.

The 100

specimens of Hvrnenoxvs richardsonii covered S.3 percent of the
line while the two pinyons arid 15 junipers covered 1.9 percent.
Four grass species were recorded in the 37 H6C samples in this
area.

Blue grarna and ring muhly (Muhlenberqia torrevi) were

most common, but squirreltail arid sideoats grama <Bouteloua
curtipendula) were noted in a few areas.

The average cover in

sample areas was 45 percent, with a range from 5 to 90 percent.
RIG area D is located in the Forked Lightning parcel.
Vegetation in this area includes every species rioted in areas
A, B, arid C plus several additional species.

As shown in

Tables 17 and 18, Hvmenoxvs r ichardsoni i is the most numerous
of the shrubs found in this area, but Artemisia frioida has
greater line cover because it is a larger species.

Pinyon

pine, ponderosa pine and two juniper species are also present
in area D.
crn).

Tree heights range from £ to 300 inches (5 to 76£

The taller trees were established in the area prior to

the 19S£ range improvement efforts, but they were riot removed
because they were located in areas with very irregular terrain.
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Table

16

Range Improvement Grassland (Area C)
(Transect Three: 0 Ft. to 1625 Ft.)

Plant Naae
Chrysothamus nauseosus
Chrysothamus ssp
Sutierrezia sarothrae
Hyaemxys richardsonii
Juniperus ssp #1
Opuntia ssp
Pinus edulis
Senecio ssp

Hwber
On Line
2
22
31
190
15
Z

2
5

ftvg. Total * of
Cover Cover Line
(in.) (in.) Covered
59.5
10.0
6.8
5.0
25.5
5.0
17.5
13.0

119
221
210
504
382
10
35
65

0.5
1.0
1.0
2.3
1.7
0.0
0.2
0.3

Heights in Inches
Kin. Max. flvg.
24
2
1
2
1
2
36
12

60
12
12
12
72
3
54
18

42.0
5.3
5.5
6.2
25.0
2.5
45.0
15.0

Diaaeter at 60 in.
Kin. Han. ftvg.

100

Table

17

Range Improvement Grassland (Area D — North)
(Transect Threes 8570 Ft. to 3124 Ft.)

Plant Naw
firteiisia frigida
Aster ssp
Chrysothaanus ssp
Cutierrezia sarothrae
Hywnoxys richardsonii
Juniperus ssp #1
Pinus edulis
Senecio ssp

Nuiber
On Line
2
1
5
6
6
6
5
1

Avg. Total * of
Cover Cover line
(in.) (in.) Covered
61.0
5.0
6.2
9,5
e.e
57,3
27.0
11.0

122
5
31
57
53
344
135
11

Table

1.6
0.1
0.5
0.9
0.6
5.2
2.0
0.2

Heights in Inches
Nin. Max. Avg.
46 54
3
3
3
6
4 10
6 12
10 300
6 106
10 10

51.0
3.0
18
6.3
6.2
69.7
43.2
10.0

Diaieter at 60 in.
Min. Max. Avg.

0.5
0.5

8.0
0.5

2.5
0.5

18

Range Improvement Grassland (Area D — South)
(Transect Four: 0 Ft. to 1354 Ft.)

Plant Naae
Arteaisia frigida
Chrysothamus ssp
Cirsiui ssp
Eurctia lanata
Butierrezia sarothrae
Hyienoxys richardsonii
Juniperus ssp 11
Juniperus ssp #2
Marrubiui vulgare
Pinus edulis
Pinus ponderosa
Senecio ssp

Nuaber
On Line
6
2
1
1
11
26
16
1
1
13
6
' 2

Avg. Total * of
Cover Cover Line
(in.) (in.) Covered
47.8
2.5
1.0
12.0
6.4
6.0
40.9
120.0
6.0
47.5
30.2
6.0

362
5
1
12
70
IK
655
120
6
617
1B1
12

2.4
0.0
0.0
0.1
0.4
1.0
4.0
0.7
0.0
3.6
1.1
0.1

Heights in Inches
Kin. Ma*. Avg.
24 60
2
4
5
5
3
3
2 20
1 10
6 294
96 96
&

&

2 264
6 144
5 12

44.3
3.0
5.0
3.0
6.5
5.3
59.6
96.0
6.0
73.1
71.0
6.5

Diaieter at 60 in.
Nin. Max. Avg,

0.3
2.0

6.0
2.0

2.0
2.0

0.3
2.0

6.0
3.0

1.6
2.3
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Trees covered about twice as much linear distance as shrubs on
both transect samples irt this area, which suggests this area
is developing towards an appearance similar to that of the
pinyon-juniper woodland areas on the monument (Figure 7).
There were 1£ HGC samples along transect three in the northern
part of area D.

Blue grama, squirreltai1, sideoats grama, and

ring muhly grasses were noted in this area.

Coverage ranged

from 0 to 90 percent with an average of 38 percent cover in
sample areas.

There were 27 HGC samples along transect four in

the southern part of area D.

The same grass species noted in

the northern area were found here.

The average cover was £9

percent with a range from 0 to 10® percent.
Pinyon-juniper woodland is the most extensive vege
tation area within the Monument boundaries (Figure 7).

This

area includes the sloping area west of Glorieta Creek, the
western slopes of the mesi 11a. the rnesi 1 la north of the ruins,
the area along the Monument's eastern boundary fence, and the
eastern slope of the mesi1 la south of a point a few hundred
feet east of the Mission ruins.

This-area is dominated by

junipers <14.1 percent line cover) and pinyon pines (13.4 pei—
cent line cover).

Comparison of data listed in tables 19

through £5, inclusive, shows there is some variation in line
cover for these species in different areas of the Monument.
The densest cover is on the sloping areas west of Glorieta
Creek and the steep western slope of the mesi11a near the
southern boundary.

The least dense cover is in the area along

the eastern boundary fence.

There were 79 HGC sample areas in
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Table

19

Piny on—Juniper- Mood land < Nort hwest)
(Transect One: 225 Ft. to 990 Ft.)
Nuaber
On Line

Plant Naae
Chrysothawius ssp
6utierrezia sarothrae
Hy*er»xys richardsonii
Juniperus ssp tl
Pimts edulis

e
1
4
23
21

fivg. Total t of
Cover Cover Line
(in.) (in.) Covered

Heights in Inches
Hiru Max. Avg.

9.2
0.0
0.2
16.5
18.9

5 12
8.5
3
3
3.0
5
6.a
B
1 132 91.6
12 264 150.3

7.5
15
3.0
3
3.5
14
56.0 1518
82.5 1732

Table

Diaoeter at 60 in.
Hin. Hax. Avg.

1.0
0.5

4.0
7.0

2.2
3.6

SO

Pinyon—Juniper Woodland (North Central)
(Transect Onei 1400 Ft. to 3660 Ft.)

Plant Naw
Chrysothamus ssp
Hyienoxys richardsonii
Juni penis ssp 11
Opuntia iibricata
Pimis edulis
Pimis ponderosa
Pseudotsuga Kmiesii

Kunber
On Line
1
1
64
1
61
4
1

Avg. Total * of
Cover Cover Line
(in.) (in.) Covered
10.0
10
3.0
3
59.0 3774
4.0
4
63.3 3662
114.3 457
114.0 114

0.0
0.0
13.9
0.0
14.2
1.7
0.4

Heights in Inches
Kin. Max. Avg.
10
26
6
36
6
240
420

10 10.0
26 26.0
240 65.1
36 36.0
360 156.3
420 297.0
420 420.0

Diaaeter at 60 in.
Hin. Kax. Avg.

0.3

5.0

1.7

0.5
5.0
12.0

12.0
15.0
12.0

4.2
9.5
12.0
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Table

£1

Pinyon-Juniper Woodland (West)
(Transect Tnoi 0 Ft. to 314 Ft.}
Ntaber
On Line

Plant Nam
Chrysothamus ssp
Hywnoxys richsrdsonii
Juniperus ssp 41
Pinus edulis

2

&
7
6

ftvg. Total * of
Cover Cover Line
(in.) (in.) Covered
9.0
2.2
45.9
70.7

18
13
321
424

0.5
0.3
8.5
11.3

Table

Heights in Inches
Hin. Ha*, flvg.
10 10
1 15
6 240
12 216

10.0
4.8
61.7
95.0

Diameter at 60 in.
Hin. Hax. flvg.

2.5
3.0

5.0
7.0

3.5
5.0

££

Piriyon-Juniper Woodland (Central-west)
(Transect Twos 470 Ft. to 570 Ft.)

Plant Na«
Juniperus ssp 11
Opuntia iibricata
Pinus edulis

lhaber
On Line
1
1
5

flvg. Total * of
Cover Cover Line
(in.) (in.) Covered
1B7.0
7.0
89.4

187
7
447

15.6
0.6
37.3

Heights in Inches
Hin. Max. ftvg.
156
36
36

156 156.0
36 36.0
180 139.2

Diawter at 60 in.
Kin. Max. flvg.
5.0

5.0

5.0

2.0

9.0

4.8
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Table

23

Pinyort—Juniper* Woodland (Central)
(Transect TMO: 870 Ft. to 1206 Ft.)
Nwber
On Line

Plant Naae
Oirysothawws nauseosus
Juniperus ssp it
Pinus edulis
5enecio ssp

4
9
6
4

ftvg. Total * of
Cover Cover Line
(in.) (in.) Covered
36.3 145
117.4 1057
25.3 152
7.0
28

3.7
26.7
3.8
0.7

Table

Heights in Inches
Hin. Max. ftvg.
24 46 39.0
5 240 114.6
24 288 .88.0
3
7
4.5

Diaieter at 60 in.
Hin. Max. ftvg.
2.0
2.0

*8.0
2.0

3.1
2.0

24

Pinyon—Juni per* Woodland (East)
(Transect THO: 2470 Ft. to WW Ft.}

Plant Naae
ChrysothaMTius ssp
Gutierrezia sarothrae
Juniperus ssp 11
Pinus edulis
Senecio ssp

Huaber
On Line
23
2
16
10
3

(Kg. Total t of
Cover Cover Line
(in.) (in.) Covered
21.8 502
3.5
7
65.6 1370
66.0 660
5.3
16

4.5
0.1
12.3
5.9
0.1

Heights in Inches
Hin. Ma*, ftvg.
9.6
3 18
3
3.5
4
3 180 89.1
36 216 112.8
8 12
9.3

Diaaeter at 60 in.
Hin. Max. ftvg.

0.5
1.0

6.0
5.0

2.3
2.7

Table

£5

Pinyon-Juniper Woodland (South Central)
(Transect Three: lfi25 Ft. to 2000 Ft.)

Plant Naie
Junipenis ssp t l
Pinus edulis

Nunber
On Line
6
&

Rvg. Total * of
Cover Cover Line
(in.) (in.) Covered
61.2
69.9

367
559

17.5
36.6

Heights in Inches
Min. fax. flvg.
6 215 110.0
96 380 1B4.5

Diawter at 69 in.
Kin. Max. flvg.
1.0
1.0

7.0
£.0

3.B
3.8
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the pinyon-juriiper woodland area.

The dominant grass species

was blue grama, although some ring muhly was noted on the slope
west of Glorieta Creek at the north end of the Monument and
some crested wheat grass was noted on the east side of the
rnesi 11a at the north end of the Monument.

The average cover

for all HGC sample areas in the pinyon-jurtiper woodland areas
was 12 percent, primarily due to many areas that either were
covered with a thick layer of duff or were exposed shale or
sandstone bedrock.

There was 10 percent or less HGC in 69

sample areas, including 47 with 0 percent cover.

The area

along the eastern boundary fence, with an average of 38 percent
HGC, was the only place in the pinyon-juniper woodland area
that varied significantly from the average HGC for the entire
area.
The riparian communities include Glorieta Creek and the
dry floodplain on both sides of the creek. fls Tables £6, £7,
arid £B suggest, the dominant species is willow (Salix ssp,.
three varieties were present).
on the banks of the creek.

The willow were generally found

In the dry floodplain area away

the the creek, the dominant species in the north is Chrvsotharnnus nauseosus.

In the south, the dominant species is

Artemisia frioida.

There is no single dominant species on the

dry floodplain in the central portion of this area.

Blue grama

grass was the only species noted in HGC sample areas in the
north.
percent.

Overage cover was 7.5 percent, ranging from ® to 5®
Blue grama and squirreltail grass were noted iri the

center of the area.

Average cover was 46 percent, ranging from
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Table

S6

Ripariari Communities (Noi~fch>
(Transect One: 990 Ft. to 1400 Ft.)
Ntaber
On Line

Plant Naw
Chrysctharms nauseosus
Oirysothamws asp
6utierrezia sartrthrae
Hyaenoxys richardsonii
Jumperus ssp 41
Salix ssp #2
Salix ssp #3

2
4
1
S
3
3

ftvg. Total t of
Cover Cover Line
(in.) (in.) Covered
lfi.fi
25.0
IS.3
3.8
63.4
131.3
5.3

557
50
49
3
317
394
IB

11.3
1.0
1.0
0.1
6.4
6.0
0.3

Table

Heights in Indies
Min. Max. ftvg.
4
12
4
5
42
36
12

4fi
46
24
5
96
60
36

Diaaeter at 59 in.
Min. Max. ftvg.

25.6
30.0
11.3
5.0
62.8
48.0
24.0

£7

Ripariari Communities (Central)
(Transect Two: 578 Ft. to 870 Ft.)

Plant Ha*e
Chrysothamus nauseosus
Gutierrezia sarothrae
Hywnoxys richardsonii
Juniperus ssp 11
Salix ssp 13
Senecio ssp

Nuber
On Line
1
4
2
2
4
7

ftvg. Total % of
Cover Cover Line
(in.) (in.) Covered

Heights in Inches
Min. Max. ftvg.

60.0
9.0
2.5
6.0
161.5
8.1

60
3
3
10
18
2

60
36
5
12
646
57

1.7
1.0
0.1
0.3
17.9
1.6

60
10
8
12
60
18

60.0
6.3
5.5
10.8
36.0
6.4

Diaaeter at 60 in.
Min. Max. ftvg.

Table

28

Riparian Communities (South)
(Transect Three: 2000 Ft. to 2570 Ft.>

Plant Na»e
ftrte*isia frigida
Chrysothaanus ssp
Gutierreiia sarothrae
HyMnoxys ridiardsonii
Juniperus ssp 11
Juniperus ssp 12
Salix ssp «1
Salix ssp 12
Salix ssp 43
Senecio ssp

Nutier
On Line
12
10
10
2
2
2
1
4
24
4

ftvg. Total % of
Cover Cover Line
(in.) (in.) Covered
25.3
8,5
7.1
7.5
79.5
21.5
168.0
39.3
28.9
13.S

303
65
71
15
159
43
IBS
157
502
55

4.4
1.2
1.0
0.2
2.3
0.S
2.7
2.3
7.3
0.8

Heights in Inches
Hin. Ma*, flvg.
10 54
3
6
3
7
2
2
72 106
48 80
a
8
12 50
24 78
3 24

38.5
4.1
5.1
2.0
90.0
54.0
8.0
42.0
45.8
12.8

Diaieter at 60 in.
Min. Max. flvg.
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0 to 10© percent.

Sideoats grarna, squirreltai1, and blue grarna

were rioted in the south.

Average cover was £Q percent, ranging

from 0 to 100 percent.
The managed vegetation area includes the top of the
rnesi 11a from the North Pueblo ruins to a line just south of the
Visitor Center and Headquarters buildings, the eastern slope of
the rnesi 11a in the same area, and the western slope of the
rnesi 11a in the vicinity of the Mission ruins.

Management in

these areas has been most intensive. fls suggested by the data
listed in Table £9, the most common species of trees arid shrubs
found in this area are junipers and Chrvsotharnnus nauseosuB.
However, it should be pointed out that as long as vegetation
management is practiced in this area there is little likelihood
that any species of tree or shrub with a tendency to have deep
roots will ever have more than limited distribution iri this
area.
fln apparent anomaly in the managed vegetation area is
a cluster of willows located at the base of the western slope
of the rnesi11a. slightly east of the southeast corner of the
ancient walled area (Figure 3).

One simple explanation that

makes the location of these willows outside the riparian vege
tation area seem less anomalous is that this appears to be the
site of the "Poisoned Spring" that Hewett was warned about in
1893 (Hewett 1904, p. 436).
There were only two species rioted in the £1 HGC sample
plots within the managed vegetation area, blue grarna grass arid
Mexican fireweed (Kochia scoparia).

Average cover in the HGC

Table

£9

Managed Vegetat ion
(Transect TKOI 1200 Ft. to 2263 Ft.)

Plant Nam
Chrysothamus nauseosus
Butierrezia sarothrae
Juni perns ssp 11
Hamibiui vulgar*
Opuntia irtricata
Opuntia ssp
Salix ssp 12
Senecio ssp
Verbena ssp

Hunter
On Line
18
4
6
2
4
1
1
8
6

ftvg. Total * of
Cover Cover Line
(in.) (in.) Covered
30.7
6.3
108.0
9.0
22.8
2.0
16.0
8.3
5.2

S53
25
648
IB
91
2
16
66
31

4.3
0.2
5.1
0.1
0.7
0.0
e.i

0.5
0.2

Heights in Inches
Min. Max. ftvg.
12 60 44.0
4 12
7.3
96 144 130.0
a
0.0
a
12 48 30.0
3
3
3.0
36 36 36.0
3 12
9.5
3
6
4.2

Diawter at 60 in.
Min. Halt. ftvg.

Ill

sample areas was 57 percent with a range from O percent (seven
sample areas) to 1®0 percent.
The cholla-juniper area is the top of the mesi1 la east
of the mission ruins. fis shown in Table 3®, only two species
were noted on the transect line in this area, one juniper and
three chol la (Dountia imbricata). which is characterist ic of
the area.
HGC areas.

Blue grarna grass was recorded in three of the four
Cover ranged from 0 to 100 percent, with an average

cover of 75 percent.
The final vegetation type within the monument is the
historic grassland east of the mesi 11a.

None of the transect

lines passed through this area so no specific statistical data
are available.

However, a few random grass samples from the

area were identified as blue grama, spike muhly (Muhlenberoia
wrinht i i). western wheat grass (ftoripyron smithii). and sand
dropseed (Sporobolus crvptandrus).

Four of these five grass

species were used in the reseeding operations in 1969, which
suggests that there has been little change in the grass species
in this area since the reseeding operations.

This type was not

included in the managed vegetation area for two reasons.
First, the historic record notes this as a grassy area where
Indians camped when they came to Pecos to trade.

Second, the

photographic record, included in the above discussion of the
history of vegetation, suggests that plants other than grasses
do not easily become established in this area for reasons that
are not clear.

Perhaps hydrologic or edaphic conditions are

unsuitable for trees and shrubs.

lis

Table

30

Choi la—Juniper*
(Transect TMO: 2260 Ft. to 2470 Ft.)

Plant

Naae

Junipem ssp II
Opuntia iitricata

Ntaber
On Line
1
3

ftvg. Total % of
Cover Cover Line
(in.) tin.) Covered
34.0
19.0

94
57

3.7
2.3

Heights in Inches
Kin. Hax. ftvg.
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CHAPTER 11
SUMMARY
fl substantial amount of information from the extant
body of disparate and specialized literature concerned with
Pecos has been incorporated in the analysis of the physical
geography.

That information has been combined with new data

compiled after several hundred mari-hours of fieldwork on the
Monument in 1981.

The result is a discussion of the physical

attributes of the Monument and the adjacent areas that provides
a description of present conditions as well as those that were
recorded by earlier chroniclers.

Furthermore, certain human

activities, trends, and concerns (e.g. agriculture, demographic
redistribut ion, and site preservation) are shown to have
influenced the landscape of the Monument and its adjacent
areas.
Prior to the establishment of Pecos as a New Mexico
State Monument in 1935, tree cover in the Monument area was
very sparse.

The photographic record documents a substantial

increase in trees and shrubs ori the Monument in the years
after 1935.

The establishment of Pecos National Monument in

1965 (which included an expanded area) was followed by the
installation of secure fencing that has excluded grazing
livestock.

The result has been a further increase in the

extent and numbers of trees and shrubs in all areas of the
113
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Monument outside of the managed vegetation zones.

It seems

very reasonable to expect that in the future the pirtyon-juniper
community will succeed the plant communities found in the
artificially created (range improvement) grassland areas, with
the exception of the site of the Forked Lightning ruins which
undoubtedly will become (if it is not yet) a managed vegetation
area.

The vegetation in the cholla-juniper and historic grass

land areas appears to be well-established and stable, which
suggests there may be little change in the vegetation in those
areas in the future.
The future of the riparian community is likely to be
cyclical arid dependent on major flood - events in Glorieta Creek.
The most likely sequence is that most or all of the vegetation
would be uprooted by a major flood event.

Then the riparian

I

vegetation would be expected to rapidly become reestablished
and to flourish until the next flood event.
The managed vegetation areas can be expected to show
little change for as long as the vegetation management policy
is continued.

If that policy is discontinued at some time in

the future, it is very probable that most of the area would be
taken over by pinyon-juriiper in a very few years.
There have been frequent references to the vegetation
on the Monument and a significant portion of the discussion has
been concerned with vegetation because it is a highly visible
and dynamic indicator of changes in the environment. fis such,
it seems useful that future vegetation studies be conducted on
the Monument.

Statistical data concerning vegetation on the
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Monument in 1981 have been included in the above discussion c«f
plant cornrnunities.

Those data were included in the tabular

form that seemed to offer the greatest amount of flexibility
for any subsequent users.

Iri the event that more detailed data

may be desired by some future user, copies of the fieldnotes
concerned with vegetation and topography have been placed in
the files at Pecos National Monument.
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