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Editors’ Note

The Guadalupe Mountains National Park, which is located in Trans-
Pecos Texas between Carlsbad, New Mexico, and El Paso, Texas, is one of
the newest national parks being formed by the Congress in 1967. The
Guadalupe Mountains and the associated Chihuahuan Desert included in
the park represent a unique biological area in which a fragile biological equi-
librium exists between the fauna and flora of the Chihuahuan Desert of the
lowlands and the Rocky Mountains of the high elevations, The preservation
of this area will depend upon sound management decisions.

This volume is the result of a symposium held at The Museum of Texas
Tech University on 4 and 5 April 1975. The impetus for this symposium was
furnished by our participation in a research project in the Guadalupe Moun-
tains National Park. This work was funded by the Southwest Region of the
National Park Service through Texas Tech University and administered by
Mr. Roland H. Wauer. It became apparent to us that considerable scientific
research was being conducted in the Park both by the staff of Texas Tech
University and at other institutions. However, we believed that only limited
communication was occurring between these scientists,. We hope that the
symposium and this volume will significantly enhance this scientific com-
munication and will provide much of the baseline data necessary for the
development of a master plan by the National Park Service for the Guada-
lupe Mountains National Park, Texas. Because the Carlsbad Caverns
National Park, New Mexico, is geographically and physiographically
closely related to the Guadalupe Mountains, we have included several
studies that recently have been conducted there.

The research resulting in this symposium would not have been possible
without the cooperation of the National Park Service. Mr. Roland H.
Wauer, Regional Chief Scientist, Southwest Region, has been instrumental
in initiating many of these research projects, especially those being con-
ducted by personnel of Texas Tech University. Special thanks are due the
personnel of the Guadalupe Mountains and Carlsbad Caverns National
Parks, especially Donald A. Dayton, Superintendent; John Chapman, Area
Manager; Gary M. Ahlstrand, Research Ecologist; Philip F. Van Cleave,
Staff Interpretative and Environmental Services Specialist; and Roger
Reisch, Park Ranger.
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The symposium at Texas Tech University was sponsored by The Museum,
the Graduate School, and the International Center for Arid and Semi-arid
Lands Studies. We wish to express our gratitude to Dr. Craig C. Black, Dean
J. Knox Jones, Jr., and Dr. Frank B. Conselman, respectively, of these
organizations. The editors wish to extend their personal thanks to Dr. Craig
C. Black, not only for his support of the symposium, but also for his support
of our activities throughout our work in the Guadalupe Mountains National
Park. We also gratefully acknowledge the editorial assistance and attention
to detail of R. Laurie Hendricksen. Stephen L. Williams aided with some of
the illustrative material. Many of the proper names used for specific locali-
ties are defined in the paper on mammals, whereas others may be found on
the U.S. Geological Survey quadrangle map for Guadalupe Peak, Texas
(1:62,500, 1933).

HUGH H. GENOWAYS
ROBERT J. BAKER
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Welcome

It gives me great pleasure to welcome participants and guests to Texas
Tech University for this important symposium. The Guadalupe Mountains
National Park provides a unique outdoor laboratory for biological investi-
gations, which, of course, will provide the baseline data for the National
Park Service in developing an interpretive program for public use of this
area. Because investigators at Texas Tech University have played a major
role in conducting biological studies in the park, it is especially appropriate
that this institution take the lead in promoting an interchange of informa-
tion for the benefit of the scientific community and also the more pragmatic
interests of the National Park Service.

In the past decade or so, we have experienced a trend in the biological
sciences in this country toward concentration of investigative research in the
several experimental fields. At the same time, there has been a tremendous
increase in interest on the part of the general public in environmental quality,
preservation of natural areas, and in public use of national parks, monu-
ments, and other similar facilities. It occurs to me that it is paradoxical, given
a clear “back to nature” movement within our society today, that few insti-
tutions of higher learning are emphasizing the training of environ-
mentalists. I am pleased to note that at Texas Tech University there stillis a
strong tradition in field-oriented studies by professors and students in our
Department of Biological Sciences, in several departments in the College of
Agricultural Sciences, and in our Museum Science program. The location of
a large, new museum at the University contributes materially to this thrust.

I congratulate the organizers of this symposium and express my gratitude
to those of you who are participants and attendees for supporting their
efforts. In perusal of the program, I note not only that the symposium will
bring together a substantial body of information on one of our newest
national parks but also that the subject matter underscores the significant,
continuing, and pressing need for research and teaching at the university
level in ecology, natural history, and systematics of plants and animals, and
in related areas of the geosciences and anthropology.

I wish for you a most successful and productive conference.

J. KNOX JONES, JR.
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Introduction

The reality of this Symposium on the Biological Investigations in the
Guadalupe Mountains National Park gives me a great deal of personal satis-
faction. I am proud to be part of the program.

Guadalupe Mountains have been a national park only since 1966, and
before that time the area received attention from only a few scientists. The
greatest amount of study resulted from private exploration for oil and gas.
Vernon Bailey’s 1905 report represents the earliest biological survey of the
Guadalupe Mountains. Barton Warnock spent considerable time studying
the plant life of the area, particularly within the lower canyons. William
Davis studied the mammals of the Guadalupes. Fred Gehlbach’s investiga-
tions of the herpetofauna was the first ecological analysis of the region.
Owen Lind’s limnological studies in McKittrick Canyon are continuing.

Since 1966, the Guadalupe Mountains have become a scientist’s beehive.
Titles of papers to be presented at this symposium demonstrate that research
in the area is as varied as the Guadalupe environments.

We in the National Park Service believe that the recent series of investiga-
tions initiated within the Guadalupes are the proper way to develop a sound
research and resources management program for this park, and to provide
resources information for park planners, interpreters, and managers.

Too often Federal bureaucrats expend energy and great sums of money
planning park developments without due regard to the full protection of the
area’s resources that were the primary reasons for establishment of the park.
Too often land management agencies place fragile and unique resources
second to roadways, campgrounds, visitor centers, and other facilities. Too
seldom do we attempt to understand fully the potential implications of a
development within a natural system.

Our approach at Guadalupe Mountains National Park began with the
development of research priorities. This list is included within a Natural
Resources Management Plan that is revised annually. Copies of the 1975
Guadalupe Mountains National Park Natural Resources Management Plan
are available. The plan, initiated by the park staff and coordinated by the
Office of the Regional Chief Scientist, includes two major sections:
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1. Project statements which identify the area’s natural resource prob-
lems and requirements to comply with National Park Service natural
science standards.

2. Five-year programs that include maintenance costs, man-year needs,
research priorities, and cost estimates.

A Natural Resources Management Plan is prepared for every National Park
Service area containing natural resources.
Research priorities for Guadalupe Mountains National Park include the

following items:
. Inventory of Flora;
. Fire Ecology Study;
. Inventory of Fauna;
. Climatological Data;
. Inventory of Significant Geological Features;
. Vegetative Analysis;
. Faunal Factors;
. Data Analysis;
. Human Intrusion on the Ecosystem;

10. Soils Inventory and Analysis;

11. Water Resources Analysis;

12. Inventory of Microorganisms; and

13. Ecosystem Analysis.
This list includes only those studies to be completed and new projects
required to comply with natural science standards. A complete ecosystem
analysis of the Guadalupe Mountains may take decades to complete. We do
plan to reach the ecosystem analysis stage at a few of our smaller natural
parks as other project priorities are completed. Southwestern areas such as
Bandelier, Capulin Mountain, and White Sands may reach that stage of
comprehension fairly soon.

O Q0 2O\ b W)=

The Guadalupe Mountains plan calls for an annual funding base of at
least $25,000 for research. Admittedly, the funding of $25,000 annually to
field a team of scientists to gather information on an area as diverse as the
Guadalupe Mountains is not very much. However, the National Park
Service will continue to fund for many years the work that Texas Tech and
its associated scientists have started in the Guadalupe Mountains. We
believe that our association with University-based scientists is the best pos-
sible route to the completion of a basic resources inventory, analysis of those
resources, and the development of a management information system.

The first objective is to acquire a resources basic inventory. We are espe-
cially interested in those resources that are unique or of special visitor
interest. We will hear about some of the floral and faunal resources in the
papers to follow. It is imperative to establish environmental baselines for use
in long-range monitoring. The vegetative transects and mammalian grids
installed within the Guadalupe Mountains system will function as a future
xii
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warning system against environmental impacts. The quality of the baseline
studies must be high,

There are cases when special emphasis on project continuity and coordi-
nation of data requires other than seasonally oriented studies. We believe
that a resident research scientist is a necessary element of the Guadalupe
Mountains National Park staff. Dr. Gary Ahlstrand is investigating fire
management possibilities within the Guadalupes; he also advises the Park
Superintendent on research priorities, evaluates project results, analyzes
their implications in the potential role of fire in the ecosystem, and is
developing a fire-management program based upon his research and related
data. Fire in the Guadalupe Mountains ecosystem probably will command
an important position in management guidelines for the retention of that
natural system.

Human intrusion on the Guadalupe Mountains is another concern that is
being addressed within all of the studies. Carrying-capacity determinations
will be made on sound biological information that is obtained by scientists
concentrating on their various disciplines. The assimilation of those data
with park requirements will lead toward decisions that will cause minimal
impact.

Computerization of all the data obtained through field studies and the
laboratory began during the first funded year. A coordinate grid system of
31,377 cells was developed for the 77,500-acre park. The purpose of struc-
turing a data bank is to describe each data cell as completely as possible in
terms of physical, cultural, and natural resources. Data storage and retrieval
must be compatible with the National Park Service computer program
housed at NASA’s Slidell Computer System in Mississippi.

The National Park Service Science Center near Slidell is responsible for
developing a management information system. This involves integrating
scientific expertise, archival materials, and computer sciences with manage-
ment and planning activities. It is our intention that, within the decade,
Washington, D.C., and regional offices and major parks will possess ter-
minals so that park staffs can take advantage of activities currently under-
way to manage soundly and to interpret their areas.

An initial Management Information System is already in use for back-
country campground management at Great Smokies National Park. A simi-
lar system has been installed at Grand Canyon for river management. Time
and money will be needed for all parks to join such a system. The Guadalupe
Mountains National Park program is a beginning.

ROLAND H, WAUER
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Geology of the Guadalupe Mountains
National Park

JOHN P. BRAND and ALONZO D, JACKA
Texas Tech University, Lubbock

The Guadalupe Mountains National Park enjoys a worldwide reputation
as a region in which a unique complex of geological phenomena may be
viewed and studied. Rocks, ranging in age from possibly medial Precam-
brian to Holocene crop out in or within the near vicinity of the park. Geolo-
gists have pieced together a fairly complete history of the last one and one-
half billion years through study of these rocks. Although the region has been
viewed by geologists for over 100 years, detailed studies did not begin untii
about 50 years ago; the renewed interest was prompted by the exploration
for and production of petroleum and natural gas in west Texas.

The Guadalupe Mountains National Park is situated within an area com-
monly assigned to the Trans-Pecos region of Texas. This, in turn, occupies a
portion of a well-known geological province, the Permian Basin. Trans-
Pecos Texas is a land of contrasts, both physiographically and geologically.
The region contains numerous distinct mountain ranges and intervening
basins (Fig. 1). Some ranges are folded and block faulted, the product of the
late Cretaceous to early Cenozoic Laramide Revolution and middle-to-late
Cenozoic block faulting. Accordingly, the region possesses affinities with the
Rocky Mountains and the Basin and Range Province of western America.
Several ranges are made up of thick accumulations of lava flows and pyro-
clastic ejecta. Finally, the region boasts remnants of the folded Marathon
Mountains, the product of late Paleozoic orogeny in the Ouachita-
Marathon geosynclinal belt. Elements of the structure and stratigraphy of all
the above are involved in the reconstruction of the history of Guadalupe
Mountains National Park. To turn attention to the region of the park, one
first must view the area of the expanded Permian Basin (Fig, 2). This maze of
paleotectonic features was in the process of formation during most of the
Paleozoic Era, but the features did not assume their Permian form until
during late Pennsylvanian and early Permian time. Orogeny and sub-
sequent erosion during this latter interval produced numerous platforms,
shelves, and basins which controlled the types of sedimentary rocks that

t
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Fig. 1. Ranges and basins of part of Trans-Pecos Texas. After Permian Basin
Section, S. E. P. M. 1975.

accumulated during the Permian Period (Fig. 3). With inundation of the
complex topography by the early Permian sea evolved the possibility of
deposition of sediments in such diverse environments as shallow-water plat-
forms, back-reef lagoons, and deep-water basins. The margins of the
shallow-water platforms afforded an opportunity for reef-forming
organisms to flourish. Subsurface exploration has established the presence
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Fig. 2. Paleotectonic features of Permian Basin.

of a barner reef along the margins of the Diablo Platform, the Northwest
Shelf, the Central Basin Platform, and the Eastern Shelf. The entire North
American continent records no barrier reefs of similar magnitude. Behind
the reefs were wide, shallow lagoons in which carbonate, evaporite, and
clastic sediments accumulated. Immediately seaward of the reefs were basins
up to 2000 ft deep in which accumulated a thick sequence of predominantly
clastic sediments which were transported down to the basin through sub-
marine canyons and deposited as deep sea fans. On the slope between the
reefs and the basin, accumulated piles of talus derived from the seaward face
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of the reefs (Fig. 4). The back-reef lagoon, the reef, and the fore-reef talus
constitute a stratigraphically restricted but complex relationship referred to
as the “Permian Reef Complex™ (Fig. 5).

The visitor to the Guadalupe Mountains National Park may view all the
aforementioned environments of deposition via a leisurely walk through any
of the major canyons which trend normal to the Guadalupe escarpment. For
the motorist driving from Carlsbad, New Mexico, to Guadalupe Pass, the
following applies. From Carlsbad to White City, one drives quite near the
margin of the reef facies. From White City to Guadalupe Pass one travels
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Fig. 4. El Capitan.

Reef core
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Fig. 5. Diagrammatic sketch of Permian Reef Complex.

over rocks which were deposited in the Delaware Basin. The most conspicu-
ous unit, the Castile Gypsum, crops out in a road cut where the highway
descends the Yeso (Spanish word for gypsum) hills to the flat area a mile
north of the New Mexico-Texas state line. Farther east, in the subsurface,
one would encounter extensive beds of halite (rock salt) with which are asso-
ciated the potash minerals of the Carlsbad mining district. Both the gypsum
and halite were formed as the result of evaporation of sea water. West of the
highway, one cannot but be impressed by the precipitous Guadalupe escarp-
ment. The top of the escarpment is formed by the Capitan barrier reef; the
beds which slope steeply toward the valley floor are within the fore-reef talus
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Fig. 6. West front of Delaware Mountains.

facies. The nearly horizontal beds near the highway are rocks of the basin
facies. The rock in El Capitan was deposited near the margin of the reef
barrier and the fore-reef talus. A glance to the southeast from Guadalupe
Pass affords a view of the Delaware Mountains—a range made up of clastic
rocks of the Delaware Basin facies (Fig. 6).

Specific aspects of the geology of the Guadalupe Mountains involve two
separate studies. The first relates to the sedimentological history of the Per-
mian Period as interpreted from the rocks in the immediate area. The
second, mainly physiographic, concerns the late Tertiary and Quaternary
history of the region. Following are brief discussions of the salient features of
these two rather widely separated intervals of geologic time.

PERMIAN HISTORY

The earliest events of the Permian Period are recorded in rocks of lower
Permian (Wolfcampian) age. The first unit, the Hueco Formation truncates
rocks of nearly all ages from Precambrian through late Pennsylvanian. The
basal member, the Powwow Conglomerate, contains debris from nearly all
pre-Permian units. Wolfcampian beds contain predominantly carbonate
units across the platforms and clastic units in the basins. They do not, how-
ever, display the distinct differentiation into reef complexes evident in later
Permian strata. One overriding characteristic of the Permian sea was the ten-

ey S QI -
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dency, throughout Permian time, for the sea in the basin to become progres-
sively smaller and deeper. The regression of the sea was not at a uniform rate,
as many transgressive and regressive oscillations are recorded. Some of these
sea-level fluctuations were undoubtedly of a eustatic nature and appear to
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reflect sea-level changes because of multiple glacial cycles during the
Permian Period.

At the beginning of the second Permian Epoch, the Leonardian, the con-
trast of shallow-water platform and deep-water basin topographies was well
established and facies differentiation so characteristic of Leonardian and
Guadaluplan units became evident (Fig. 7). The first barrier reef of signifi-
cant size, the Victorio Peak reef, developed along the eastern margin of the
Diablo Platform. During growth of the Victorio Peak reef, a dark-gray to
black limestone (Bone Springs Limestone) accumulated in the deep water of
the Delaware Basin, This petroliferous unit may be seen in the first road cut
as one approaches Guadalupe Pass from the south. Simultaneously, a
lagoonal-arid coastal plain facies of gypsum, dolomite, and siltstone of the
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Yeso Formation accumulated behind the Victorio Peak reef. The axis of the
Victorio Peak reef lies several miles west of the axis of the first Guadalupian
reef. Although outcrops of the Victorio Peak may be seen along the western
side of the Guadalupe Mountains in Shirttail Canyon and Shumard
Canyon, the best exposures are in Victorio Canyon in the Diablo Plateau
about midway between Guadalupe Pass and Van Horn, Texas. Two distinct
stages of reef growth are recorded during the Guadalupian Epoch—the first,
the Goat Seep reef; the second, the Capitan reef. The Goat Seep reef lies sev-
eral miles west of the Capitan reef. The spatial relationship between axes of
the Victorio Peak, the Goat Seep, and the Capitan reefs attests to the gen-
eral shrinking of the Permian sea and the consequent regressive (offlap) rela-
tionship of these Permian reefs. Because of its accessibility and unusually

- clean exposures, the Capitan reef has been studied in considerably more

detail than other- Permian reefs. The major canyons—McKittrick,
Slaughter, Dark, Walnut, etc.—trend nearly at right angles to the reef axis.
Detailed studies have revealed that the typical Permian reef consists of two
basic fractions. The first is the framework builders—organic remains which
afforded rigidity and resistance to wave action; the other is sediment which
became trapped by the framework., The formation might be likened to
tumbleweeds and other vegetation trapping wind-blown sand in the present
West Texas environment. Reef-forming organisms consisted of such diverse
forms as various algae, corals, bryozoans, brachiopods, and sponges. Algae
and calcareous sponges were probably the greatest contributors to the reefs.
The reefs, although elongate in overall form, were not continuous barrier-
like ramparts. Their contours were interrupted by deep transverse channels
which extended reefward from the deep water of the Delaware Basin
through the reef and into the back-reef lagoon. These submarine canyons,
believed to be essentially co-linear with the present transverse valleys,
became avenues for transportation of clastic materials from the back-reef
lagoons into the Delaware Basin. Units of the Delaware Mountain Group,
the Brushy Canyon, Cherry Canyon, and Bell Canyon contain sands and
shales transported by “turbidity currents” into water as deep as 2000 ft. The
basin clastic units are in reality subsea fans (Fig. 8) which possess primary
sedimentary structures identical to those observed in modern deep-sea fan
accumulations that extend beyond continental slopes. Eustatic fluctuations
of sea level are recorded in the Delaware Basin by alteration of thick clastic
intervals (glacial maxima) and thin limestone layers (interglacials) which
extend miles into the basin. The uppermost unit exposed in the walls of the
large canyons, the Tansill limestone, records a progradation of back-reef
limestone eastward across the top of the reef. This, again, is another indica-
tion of the general regressive tendency of Permian reefs.

At the end of the Guadalupian Epoch, one might visualize the Guadalupe
Mountains National Park as follows. The shoreline was nearly coincident
with the crest of the present Guadalupe escarpment. The back-reef lagoon to
the west was mainly emergent. To the east, the Delaware Basin remained
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unfilled by sediments, but contained water over 1000 ft deep. The basic “reef
complex™ physiography was still present.

At the beginning of the Ochoan Epoch, the Permian Basin appears to have
tilted upward in the west and downward to the east, along an axis in the
eastern part of the Delaware Basin. As a result, the Guadalupe Mountains
National Park area became tilted upward and may have been emergent,
whereas the eastern part including the Central Basin Platform became more
deeply submerged. This “dead sea” received only periodic replenishment of
water and the extremely arid climate of the time created a rate of evapora-
tion considerably in excess of the rate of influx of water of normal sea-water
salinity. With continued evaporation and eventual supersaturation of
calcium sulfate came deposition of the Castile anhydrite and gypsum. Con-
tinued evaporation led to deposition of the Salado Salt and associated
potash minerals. A final effort of transgression by the sea afforded deposi-
tion of the Rustler Formation. Concommitant with the withdrawal of the
Rustler Sea occurred the deposition of the fluviatile sediments of the Dewey
Lake Formation. If one might have viewed the Permian Basin at the end of
the Ochoan Epoch, he would have seen no high Guadalupe Mountains. The
Delaware Basin was filled, the Central Basin Platform was covered, the Mid-
land Basin was filled, and the Capitan reef was buried. The Guadalupe
Mountains were no more than low knobs which rose only slightly above a
broad, flat depositional plain.

MESOZOIC HISTORY

Triassic, Jurassic, and Cretaceous history adds little to the story of the
Guadalupe Mountains National Park except a late Triassic subsidence of the
Delaware Basin, which permitted the deposition of a rather thick sequence
of the fluviatile deposits of the late Triassic Dockum Group. The area
probably was completely emergent during the Jurassic Period. Cretaceous
rocks were deposited over the area, but subsequent erosion has removed all
save a few remnants in the Delaware Basin and across the Central Basin Plat-
form. Thicker and more continuous sequences of Cretaceous rocks may be
seen in areas south of the Guadalupe Mountains.

CENOZOIC HISTORY

The Permian Basin along with the balance of Trans-Pecos Texas
remained emergent following the close of the Cretaceous Period. In some
places, notably the Guadalupe Mountains and the Llano Estacado, east-
ward flowing streams removed nearly all vestiges of Cretaceous rocks. To
the south, volcanic activity produced the huge volcanic piles now seen in the
Davis Mountains, the Sierra Vieja, and in the Big Bend region. During late
Miocene and early Pliocene time, western Texas, along with most of western
North America, was subjected to nearly vertical uplift and accompanying
block mountain and graben basin faulting. The spectacular topography of
the west side of the Guadalupe Mountains as well as that along the front of
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the Diablo Plateau at the margin of Salt Basin were produced by this
diastrophic episode. The eastern Guadalupes and the balance of the Permian
Basin were not faulted, but uplift permitted groundwater to permeate and
dissolve much of the Salado and Castile formations in the Delaware Basin.
With removal, by solution, of the evaporite sequence, collapse of the over-
lying Permian, Triassic, and Cretaceous rocks produced a huge closed
depression commonly called the *Pecos Depression.” Debris eroded from
the mountainous terrain to the west accumulated in and ultimately filled the
“Pecos Depression” to overflowing and the blanket of fluviatile sand, gravel,
and clay extended eastward to form the Ogallala Formation of the Llano
Estacado. Preliminary evidence indicates that the surface of the High Plains
was graded initially to the tops of the highest peaks in the Guadalupe Moun-
taing. Again, as at the close of the Permian Period, the Guadalupe Moun-
tains were buried, this time by Pliocene sands and gravels. Near the
beginning of the Pleistocene Epoch, headward erosion by the Pecos River
pirated the “Pecos Depression.” With progressive deepening of the Pecos
Valley and consequent removal of loosely consolidated sediment by stream
erosion and transportation, the Guadalupe Mountains have been exhumed.

No references have been cited in this report as it is intended to present only
a “thumb nail” sketch of salient features of the geological history of the
Guadalupe Mountains National Park area. For more detailed discussions of
the structure and stratigraphy of the region, the reader is referred to the
following.
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Late Pleistocene Plant Communities
in the Guadalupe Mountains,
Culberson County, Texas

THOMAS R. VAN DEVENDER, W. GEOFFREY
SPAULDING, and ARTHUR M. PHILLIPS, III, University
of Arizona, Tucson

For half a century the caves along the Guadalupe escarpment in New
Mexico and Texas (Fig. 1) have provided exciting records of past biotas.
Rich bone deposits in Burnet Cave (Howard 1932; Schultz and Howard
1935), Williams Cave (Ayer 1936), Dry Cave (Harris 1970), Pratt Cave
{Gehlbach and Holman 1974), and the High Sloth Caves (Logan and Black,
this voldme) have documented dramatic changes in the mammalian fauna of
the Guadalupe Mountains over the past 10,000 years. Large extinct animals
including horse (Equus sp.), camels (Camelops, Tanupolama), and Shasta
ground sloth (Nothrotheriops shastense) have been recovered. Bones of
several small mammals, now restricted to high-elevation forests to the north,
including the yellow-bellied marmot (Marmota flaviventris, Stearns 1942),
bushy-tailed packrat (Neotoma cinerea, Harris 1970; Logan and Black, this
volume; Schultz and Howard 19335), and the masked shrew (Sorex cinereus,
Logan and Black, this volume), also have been recovered from these caves.
However, most of these vertebrate fossils were collected in moist limestone
caves where plant macrofossils and pollen are not commonly preserved.
Because of this lack, most of the present theories on the lce Age environ-
ments and paleoecology of the Guadalupe Mountains were based solely on
the vertebrate record.

In this paper, we present a chronological sequence of late Pleistocene and
Holoceéne plant communities spanning the last 13,000 years. The chronology
is based upon plant macrofossils and pollen taken from the Upper Sloth
Caves (C-05, C-08, and C-09, designations given by the National Park
Service) and from Williams Cave (Fig. 1). These materials have been studied
with the permission and support of the National Park Service and Guada-
lupe Mountains National Park. Most of the fossils from the Upper Sloth
Caves were collected in conjunction with the recent excavation for verte-

13



14. VAN DEVENDER ET AL,
o T, NEW TEXAS
Albuquerque \ ME XICO
\\\
)

Lubbock
@
Roswell
N
¢-Carlsbad
\\
]
i
\'\
\h-
\\ p
\ &
hh"’-._.c-.\os
NP,
b T a
Davis \\\'
Mts )
f
)
\\
\\
~ 'l‘
-r’J \-—_‘-"'-"'.‘
Chisos ,/
~ Mts I’
\—\\\ @,I\
A 7
CHIHUAHUA /=" COAHUILA

Fig. 1. Map of important localities mentioned in text. GuMo = Guadalupe
Mountains, SaMo = Sacramento Mountains, BC = Burnet Cave, DC= Dry Cave, PC
= Pratt Cave, WC = Williams Cave, USC = Upper Sloth Caves, N = north.

brate fossils by Lloyd E. Logan of Texas Tech University. The plant macro-
fossils will be deposited in the coliections of the National Park Service,
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Carlsbad, New Mexico. Plant nomenclature used in this paper follows
Correll and Johnston (1970); tree distributions follow Little (1971).

I BIOCHRONOLOGICAL ZONES
The plant communities in the Guadalupe Mountains have gradually
changed from relatively mesic woodland and forest associations during
l pluviogiacial climates in the late Wisconsin Glacial Epoch to the present
xeric Chihuahuan desertscrub. This transition can be segregated into two
late Pleistocene (Wisconsin | and 2) and at least two Holocene (Holocene 1
and 2) biochronological zones characterized by particular plant macro-
fossils (Tables 1, 2) and peollen assemblages (Fig. 2, Tables 3, 4). The macro-
fossi] and pollen data are placed into a time perspective by stratigraphy and
by radiocarbon dating of carefully selected material from known strati-
| graphic contexts. A summary of the characteristic plant species, pollen
assemblages, and radiocarbon dates is presented in Table 2.

Wisconsin 1A.—The oldest samples of plant macrofossils and pollen were
collected from an indurated fossil packrat (genus Neotorna) midden and
from cave fill in two of the Upper Sloth Caves (C-08, C-09). These caves are
located at 2000 m elevation below Shumard Peak on the steep west face of
the Guadalupe Mountains. The macrofossils record a subalpine forest with
Picea sp. (spruce), Juniperus sp. (juriper), J. communis (dwarf juniper),
Pseudotsuga menziesii (Douglas fir), Pinus strobiformis (southwestern
white pine, including P. fTexilis of other authors), P. edulis (Colorado
pinyon), Ostrya knowltonii (hop-hornbeam), Quercus gambelii (Gambel

I oak), Arctostaphylos sp. (manzanita), Robinia neomexicana (New Mexican
locust), and Rubus strigosus (raspberry). Two radiocarbon dates on Picea
sp. needles were 13,000 + 730 (A-1539) and 13,060 £280 (A-1549) radiocar-

l bon years before present (BP). The present vegetation is a complex,
high-elevation Chihuahuan desertscrub mixed with chaparral and grassland
species. The only trees presently near the Upper Sloth caves are two relict
Pinus edulis in protected, shady spots. The pollen assemblages (relative

I percentages) associated with the Zone W1A macrofossils are characterized
by moderate Picea, moderate to high Ostrya, high Gramineae, and low
Chenc-ams and short-spine Compositae (Fig. 2). Rubus-type Rosaceae and
Ribes pollen are present.

Picea sp., Juniperus communis, and Rubus strigosus are no longer present
in the flora of Texas. Picea sp. { P. engelmannii and P. pungens) and Rubus

I strigosus presently reach their southern limit in the Sacramento Mountains,
New Mexico, 110 km to the north (Fig. 3; Little 1971). Picea chihuahuana
(Chihuahuan spruce) presently occurs near Creel, Chihuahua, Mexico, 450
km to the southwest in the Sierra Madre Occidental at about 2215 m

l elevation. However, this species is distantly related to the Rocky Mountain
species and certainly represents a much earlier distributional separation than
the late Wisconsin (Gordon 1968). The distribution of Rubus strigosus
differs somewhat in that it is present in pine forest and pine-oak woodland
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TABLE |, Late Pleistocene plant macrofossils recovered from cave fill and fossil packrat
middens in the Guadalupe Mountains, Culberson County, Texas. WC = William’s Cave; C-
08 and C-09 = High Sloth Caves; (F) = cave fill; (M) = Neotoma midden.

WC2 CO08 CO08 C09 I

Species Common names W(F) (M) (F) (M) (F)
A. Modernlocal desert and scrubland species
Agave sp, Century plant * X ). 4
Artemisia cf. ludoviciana  Estafiata X . X
Atriplex canescens Four-wing saltbush X X X
Brickellia sp. Brickell-bush X X X
Ceanothus sp. Buck-brush X
Cercocarpus monianus Mountain mahogany X X
Chenopodium sp. Goosefoot X
Chrysothamnus sp. Rabbit brush X
Cucurbita sp. Gourd b 4
Dasylirion leiophyllum Smooth-leaf sotol X
Echinocereus sp. Hedgehog cactus X X
Ephedra sp. Mormon tea X
Failugia paradoxa Apache plume X
Fendlera sp. Fendlet-bush X
Garrya ovata Silk-tassel X
Helianthus sp. Sunflower X X
Lappuia sp. Stick-seed X X
Lesquerella sp. Bladder-pod X
Lithospermurn sp. X
Mentzelia sp. ‘Stick-leaf X
Mortonia scabrella Tick-weed X X
Noling sp. Beargrass X
Oenathera sp. Evening primrose X
Opuntia imbricqla Cane cholla X X X
0. (Platyopuntia) sp. Prickly pear cactus X X X
Panicum ¢f. arizonicum  Panic grass X X
Phacelia sp. Wild heliotrope X X
Phoradendron sp. Mistletoe X
Physalis sp. Ground-cherry X X
Quercus pungens or

undulata Scrub oak X X
Quercus sp. Oak X X
Rhus sp. Sumac X X X
Sphaeralcea sp. Globemallow X X
Yucca sp. Yucca X X x
B. Relict species inthe modern flora near sites
Berberis haematocarpa Algerita X x X
B. wrifoliolata Barberry X X ’
Pinus edulis Colorado pinyon X X X X X
C. Woodland species present today at higher elevations in Guadalupe Mountains
Celtis reticulata Net-leaf hackberry X X
Juniperus sp. Juniper X X X X X
Ostrya knowltonii Hop-hornbeam X X X X
Pinus sirobiformis Southwestern white ‘

pine X X X

- e Qe - mwm O P
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TABLE |. (cantinued)

wC2 C-08 Co8 C-09

l Specics Common names W(F) (M) (F) (M) (F)
Prunus seroting Black cherry X
Pseudotsuga menziesii Douglas fir X X X
Quercus gambelii Gambel oak X X
I Robinia neomexicana New Mexican locust X X X X

D. Extralocal species not present in the modera flera of
Guadalupe Mountains

LArctostaphylos sp. Manzanita X X
Juniperus communis L. Dwarf juniper X

Picea sp. Spruce X X
Rubus strigosus Michx.  Raspberry X

habitats of New Mexico, Arizona, the Rocky Mountain states, and extends
southward into the Sierra Madre Occidental of Chihuahua and Sonora,
Mexico. Its absence in the Guadalupe Mountains today is difficult to
explain, but may indicate a hot, dry stress period during the Holocene. The
nearest population of Juniperus communis is 325 km to the northwest in the
southern end of the Rocky Mountains in north-central New Mexico (Fig. 3).
Arctostraphylos sp. could represent either A. pungens (point-leaf man-
zanita) or A. uva-ursi (bear-berry manzanita). A. pungens is a widespread
southwestern species characteristic of chaparral communities. The only rec-
ord of it in Trans-Pecos Texas 1s in the Davis Mountains, 110 km to the
southeast (T. L. Burgess, pers. comm. 1975). 4. uva-ursiisalow shrubinthe
understory of subaipine forests from the Rocky Mountains south into north-
central New Mexico (Vines 1960). The remainder of the forest species in the
W 1A Zone presently occurs in the Guadalupe Mountains, but is restricted to
mesic habitats such as McKittrick Canyon and The Bowl (upper Pine
Springs Canyon) on the other side of the escarpment (Gehlbach 1967).
Wisconsin 1B.—Williams Cave is located at 1500 m elevation on the
south-facing bajada below El Capitan Peak on the south end of the
Guadalupe Mountains. An ancient packrat midden in Williams Cave con-
tained a rich pinyon-juniper macrofossil assemblage including Pinus edulis,
Juniperus sp., Robinia neomexicana, Prunus serotina (black cherry), Celtis
reticulata (netleaf hackberry), and Quercus sp. {Table 1). A radiocarbon
date on Juniperus sp. twigs and seeds was 12,010+ 210 BP (A-1540). A pol-
len assemblage from a roughly contemporaneous cave fill sample from Wil-
liams Cave contained very high Juniperus, moderate Pinus, high total ar-
boreal pollen (T AP; 82.5 to 90.5%), and moderate Artemisia pollen (Fig. 2,

seed juniper), but J. pinchotii (red-berry juniper) cannot be ruled out on the
basis of leaf morphology. Both J. deppeana (alligator-bark juniper) and J.

I Table 2).
The fossil Juniperus material probably represents J. monosperma {one-
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Pseudosluge meénziesis Juniperus communis

N
b 1)

Rubus sIrigosus Picea engeimanpiis

l B _
Fig. 3. Distribution maps of important species in the late Pleistocene plant macro-
fossil assemblages in the Upper Sloth Caves, Guadalupt Mountains, Culberson
l County, Texas. Maps A, C and D after Little (1971). Map B from University of

Arizona Herbarium specimens; probable areas are stippled.

opulorum (Rocky Mountain juniper) can be identified, but were not inthe
Williams Cave deposits.

l The present vegetation near- Williams Cave is Chihuahuan desertscrub
with shrub and succulent components. Important shrubs include Larrea di-
varicata (creosote-bush), Acacia neovernicosa (viscid acacia), Mortonia
scabrella (sandpaper bush, tick-weed), Fouquieria splendens (ocotillo),
Prosopis glandulosa (Torrey mesquite), and Viguiera stenoloba (skeleton-
eaf goldeneye). Important succulents include Agave lecheguilla (leche-

ila), Dasylirion leiophyllum (sotol}), Yucca baccata {(banana yucca), Y.
elara (soapweed yucca), Y. torreyi (Torrey yucca), and many cacti in the
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Coryphantha, Echinocereus, Mamillaria, and Opuntia genera. A few relict
Juniperus monosperma are in a sandy arroyo | km to the east at the same
elevation as Williams Cave.

Presently, pinyon-juniper woodland probably analogous to the paleo-
community recorded in the Williams Cave packrat midden occurs as low as
1550 to 1700 m in the Pine Springs Canyon and Frijole Ranch areas. How-
ever, Quercus is more important in these areas than it was in the fossil com-
munity. Yet, the south face of El Capitan Peak above Williams Cave is so
steep and rocky that a modern analogue to the paleoccommunity might be
over 2450 melevation. The physiography of the Guadalupe Escarpment is so
complex that we will not attempt to estimate the depression of vegetation
zones due to Pleistocene climates.

Although the Williams Cave samples are intermediate in age between the
two periods recorded in the Upper Sloth Caves, we feel that the ancient
pinyon-juniper community probably corresponds to the more mesic of the
two, Zone W1,

Wisconsin 2.—Trench 1 in Cave C-08 has a multilayered stratigraphy with
both Holocene and late Pleistocene units. Stratum 3 (25 to 45 cm) contained
an upper layer of dung of the extinct Shasta ground sloth and of wood‘
(Lloyd E. Logan, pers. comm. 1975). Directly beneath this unit was a mat of
leaf litter designated as Stratum 3a (40 to 45 cm)}. A large sample of the leaf
litter was collected, sorted, and identified (Table 1). The macrofossils from
Stratum 3a document a mixed conifer forest composed of Pseudotsuga men-
ziesil, Pinus strobiformis, P. edulis, Juniperus sp., Ostrya knowltonii,
Quercus gambelii, Robinia neomexicana, and Celtis reticulata. A similar
stratigraphic section was seen in a nearby pit from a previous excavation. A
radiocarbon date on large artiodactyl fecal pellets (possibly Cervus elaphus
merrigmi, Merniam’s elk) from the equivalent of Stratum 3a, Trench | in that
pit (below the sloth dung layer) is 11,760 £610 BP (A-1533). A date onsloth
dung from Cave C-05 is 11,590 £230 BP (A-1519), which demonstrates that
the sloths inhabited the caves during Zone W2, The pollen samples from this
zone are characterized by absent to moderate Picea, moderate to high Pinus
and X AP, high Ostrya, low to moderate Cheno-ams (Chenopodiaceae plus
Amaranthus), and moderate Gramineae (Fig. 2, Table 2).

Zone W2 differs from Zone ! A (Caves C-08 and C-09) in the absence of
the extralocal mesic forest species from the immediate vicinity of Cave C-08,
i.e., Picea sp., Juniperus communis, Rubus strigosus, and Arciostaphylos
sp. The difference in climate needed to account for this absence may not
have been too dramatic. Spruce pollen is not transported as far, nor is
spruce as prolific a pollen producer as pine (Potter and Rowley 1960). The
presence of small, but significant amounts of Picea pollen suggest that
spruce may have been restricted to mesic areas either in front of Caves C-05
and C-09 (north-facing) or in mesic habitats on the east side of the mountains
rather than being completely extirpated from the area. Also, a skull of Sorex
cinereus (masked shrew), a subalpine forest species presently living no cioser

-‘--
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TABLE 3. Holocene and late Pleistocene plant macrofossils associated with pollen samples
from Caves C08 and C-09, Guadalupe National Park, Culberson County, Texas. Polien
data, depth of samples, and stratigraphy are presented in Fig. 2.

C-08; §
C-08;2
C-08; 3
C-08; 4
C-08; 5
C-08; 6
C-09; 1
c-09; 2

Species

A. Modern local desert and scrubland species
Agave sp.

Afriplex canescens X
Cercocarpus montanus X
Dasylirion leiophyllum X
Echinocereus sp.
Fallugia paradoxa
Garrya ovata X

Kallstroemia parviflora X

Mortonia scabrella X

Qenothera sp. X

Opuniia (Platyopuntia) sp. X X X
Panicum of. arizonicum X

Quercus pungens or undulata X

Sphaeralcea sp. X

Yucca sp. X X X X X

B. Relictspecies inmodern flora nearsites

Berberis haematocarpa X X X
Pinus edulis X X

E

o
e
S

A
E

C. Woodland species present today at higherelevations
in Guadalupe Mountains

Celtis reticulata X
Juniperus sp.

Ostrya knowitonii
Pinus strobiformis
Pseudolsuga menziesii
Quercus gambelii
Robinia neomexicana X

o
Mo e

» M
kS
E A

D. Extralocal species not present in the modern flora
of Guadalupe Mountains
Arciostaphylos sp. X
Juniperus communis
Picea sp.
Rubus strigosus

oA

than northern New Mexico, was found in Stratum 3a with the Zone W2
assemblage (Lloyd E. Logan, pers. comm. 1975). Minor changes of this sort
in the vegetational composition would be expected with a gradually warm-
ing climate. The most dramatic change in the vegetation was probably from
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TABLE 4. Polien counts of samples from Cave 09, Test Trench 11(C-09), Cave 08, Trench (C-
08), Cave 05, Trench 6 (C-05) and Williams Cave (WC). Depth of samples and strangraphy
presented in Fig, 2.

- (o] - (o] L] - wy =
s - - I > Y > - - ™~
Polien pes EEEEEREEEERENEE
S S - -
Ficea B 7 4 3 1
Preudotsuga 1 1
Pinus 92 3 22 34 13 52 22 2% 21 14 51
Juniperus 10 13 12 3 17 17 7 12 4 150 130
Ostrya 26 50 19 30 3 6 8 I
Buercus 7 25 14 14 13 5 1% 12 13
Alnus !
Juglans 1 1 1
Celtis - 1
Sarcobaius 1
Cheng-ams i 2 46 42 M 5 37 12 318 1 3
Gramineae 4 4 7 g 19 10 19 2 29
Ephedra torreyana-type 1 5 24 1 5 3
E nevadensis-type 1 - 1
Artemisia 4 4 13 14 11 19 13 22 g 12 3
Short-spine Compositae 2 17 13 1 4 8 2 3 1
Long-spine Compositae 24 12 28 20 31 31 28 39 35 12 3
Senecio-type 1
Cercocarpus-type 9 16 16 9 6 3 14 8 2 2
Rubus-type 1 k]
Eriogonum 3 2 3
Ericaceae 1 1
Cruciferae 1 1 pi 1 l
Scrophulariaceae 1 1 1 2
Onagraceae 1 1
Crossosoma-type 1
Leguminosae i 1 1 1 2 4 3 1
Ribes |
Saxifragaceae 1 6 1 1
Rhus 1 2 t
Cereus-type 1
Tidestromia 1
Caryophyllaceae [ 1 2 2
Nyctaginaceae 1 | |
1Sambucus 1
Euphorbia ! 1
Malvaceae 1 2
Yucca 1
Primulaceae 1
Undetermined 5 3 2 4 2 2 7 2 1
Unknown g 11 1 9 10 13 11 1w 17 3 4
N - 200 200 200 200 200 200 200 200 200 200 200
2ZAP 144 130 49 S1 63 108 48 6! 46 165 182
Trilete, psilatc spores 2 6 19 20 9 3 12 4 2
Lycopodium-type spores 1 17
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Zones W2 to H1 (Holocene ) accompanying the climatic change that
marked the beginning of the Holocene.

Holocene 1.—Several undated stratigraphic units in Caves C-05 and C-08
appear to be early Holocene in age. The plant macrofossils are mostly xero-
phytic species that presently grow. near the caves. Juniperus sp., Celtis re-
ticulata, and perhaps Pinus edulis (some possibility of contamination be-
cause the sample contained but a single needle) are the only remnants of the
former forests that grew near the caves. The climatic sequence during the
Holocene is controversial for that portion of the Southwest where summer
monsoonal rain is important (western Texas, southeastern Arizona, and
New Mexico); r(Antevs 1962; Freeman 1972; Johnston 1963). The Antevs
model of a warm, moist Anathermal pericd from 9000 to 7000 BP followed
by a hot, dry Altithermal period was based on geological and palyno-
logical data from the Great Basin and a chronology extrapolated from the
Swedish literature (Antevs 1952). That climatic sequence has been general-
ly, and often uncritically, applied to the summer monsoon areas of the
Southwest. However, Martin (1963a) and Mehringer et al. (1967) inter-
preted the pollen record for southeastern Arizona as indicating a warm, dry
climate from 10,000 to 8000 BP and a warm, moist climate from 8000 to
3000 BP. Recently, Van Devender and Worthington (1977), using fossil
reptile and amphibian data from Howell’s Ridge Cave, Little Hatchet
Mountains, southwestern New Mexico, suggested that both the Ana-
thermal and the Altithermal pericds were warm and moist and that the
nearby playa did not dry up until about 4000 years ago. Perhaps Juniperus
sp. and Celtis reticulata persisted near the Upper Sloth Caves in the Guada-
lupe Mountains during a warm but relatively moist period in the early
Holocene. Such a climatic regime might explain the unusual occurrence of
mesic reptiles such as Phrynosoma douglassi (short-horned horned lizard)
and Thamnophis sp. (gartersnake) in Holocene deposits in Pratt Cave,
McKittrick. Canyon, on the east side of the Guadalupes (Gehlbach and
Holman 1974).

Holocene 2.—This zone contains modern vegetation and suggests a mod-
ern climatic regime. It differs from HIl only in the absence of the xero-
philous woodland species such as Juniperus sp., Celtis reticulata, and possi-
bly Pinus edulis. The discussion above on the Altithermal controversy shows
that the Holocene vegetation and climate are more complex than these two
units would imply. Undoubtedly,a great many details remain to be learned.

DISCUSSION

The late Wisconsin plant communities have been discussed in a surprising
number of publications, considering the scarcity of plant fossils. Stearns
{1942) and Murray (1957) suggested that the late Pleistocene life zones were
lowered 1230 m and 1075 m, respectively, based on the present distributions
of such subalpine mammals as Marmota flaviventris and Neotoma cinerea.
Both authors believed that the Hudsonian or Canadian life zones (=
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spruce-fir forest} formerly grew at 1400 m elevation in the vicinity of Burnet
Cave, 50 km W of Carlsbad, Eddy County, New Mexico {Schultz and
Howard 1935). Antevs (1955) suggested a 770-m depression of life zones at
Burnet Cave, using estimates of snowline depression derived from cirque
elevations of late Pleistocene montane glaciers in Colorado and New
Mexico. The glacier nearest to the Guadalupe Mountains was on Cerro
Blanco (= Sierra Blanca), 70 km W of Roswell, New Mexico. Antevs
assumed that the subalpine mammals were transported to Burnet Cave from
forest habitats on the nearby mountain crests which are at 2000 m elevation
in this part of the Guadalupes. Recently, Galloway (1970) suggested a 1300
to 1400 m late Pleistocene lowering of timberlines in the entire Southwest,
using periglacial solifluction deposits in the Sacramento Mountains just
north of the Guadalupes. He assumed that the upper treeline was no higher
than 2050 m and arrived at a paleoclimate of 10 to 11° C lower mean annual
temperature than the present and 80 to 90% of the present precipitation. This
scheme would place the lower edge of the Douglas fir-southwestern white
pine forest, presently above 2400 m in the Guadalupe Mountains (Gehlbach
1967), along the Pecos River to the east at ca. 1075 m elevation. However,
both Antevs (1955) and Leopold (1951) concluded that pluvial Lake
Estancia, New Mexico, needed increased precipitation as well as reduced
temperature to maintain it.

Taking Zone W1A in the biochronological sequence presented above, let
us examine these ideas. Picea sp., Pseudotsuga menziesii, Pinus
strobiformis, and other montane species existed at an elevation of 2000 m on
the exposed, steep, relatively Xeric west side of the escarpment 13,000 years
ago. The present vegetation zones on the east side of the escarpment are
lower, and probably the Zone WA subalpine forest extended as low as 1700
m on that side where there is a gentler slope and a more mesic habitat. This
forest probably occurred to at least 2475-m elevation above the Upper Sloth
Caves. In the light of this evidence, as well as that of others {(Wright et al.
1973), we reject the values for timberline depression given by Galloway
(1970).

The Williams Cave record (Zone W] B) demonstrates that on the bajada at
the southern end of the Guadalupes at 1500 m elevation the paleocommu-
nity was a pinyon—juniper woodland (the Juniperus— Pinus dominance type
of Gehlbach 1967). The polien record from this zone has a very high 22 AP
dominated by Juniperus. We interpret this as representing a woodland
dominated by Juniperus (probably J. monosperma) with scattered Pinus
edulis. The fossil pollen assemblages contained no record of the present
Chihuahuan desertscrub vegetation. A xerophilous juniper woodland
probably extended west to the Salt Flat playa at 1100 m and east to the Pecos
River at 1075 m elevations. This reconstruction is supported by Wells’ (1966)
record of xerophilous woodland as low as 615 m in the Big Bend of Texas,
330 km to the southeast. We feel that a pinyon—juniper woodland extended
northward along the eastern flanks of the Guadalupe Escarpment at similar
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elevations at least to the Burnet and Dry Cave areas (1290 to 1420 m) west of
Carlsbad. Today, the woodland extends lower on the east side of the
Guadalupes, and the late Pleistocene community of this area was probably
somewhat more mesic than that of the Williams Cave area. The distribution
of Pinus ponderosa (ponderosa, or yellow pine) at that time is not known, as
we have not found macrofossils of this species in our sites. [t may not have
expanded considerably beyond its present range. At any rate, the vegeta-
tion near Burnet Cave was not the Hudsonian or Canadian Zone forests sug-
gested by Stearns (1942) and Murray (1957).

Based on the faunai record, Harris (1970) reconstructed the paleo-
environment of the Dry Cave area as Transition Zone big sagebrush
{Artemisia tridentata) and grassland communities with scattered junipers
and yellow pines, Lagurus curtatus (sagebrush vole) is a member of the Dry
Cave fauna that is presently restricted to the big sagebrush communities
farther north. Artemisia tridentata presently occurs no closer than north-
central New Mexico. The Williams Cave and Upper Sloth Caves poilen
samples did contain low to moderate amounts of Artemisia pollen, but A.
tridentara is a prolific pollen producer (see discussion in Martin 1963b). A.
ludoviciana (estafiata) is a widespread, common, herbaceous species that
presently grows near both sites and was also a component of the Pleistocene
macrofossil assemblages from the Upper Sloth Caves. The Williams Cave
samples do not record a dense A. tridentata community and may only
represent A. ludoviciana. If A. tridentata were present near Williams Cave, it
must have been as widely scattered individual plants. The Williams Cave
samples contained no grass pollen at all. Hence, the big sagebrush or grass
reconstruction cannot be sustained for the Williams Cave area. Dry Cave is
about 55 km NNE at 1290 m elevation and it is possible that A. rridentata
was better represented there. At any rate, the paleocommunity in the Dry
Cave area was probably an Upper Sonoran Zone pinyon-juniper wood-
land rather than a Transition Zone forest, grassland, or sagebrush com-
munity.

The Zone W1A forest on the top of the Guadalupe Mountains was a mix-
ture of Hudsonian {Picea sp., Juniperus communis), Canadian (Pseudo-
stuga menziesii, Pinus strobiformis), Transition (Quercus gambelii, Ostrya
knowltonii), and Upper Sonoran (Pinus edulis, Juniperus sp.} Life Zone
elements. Abies concolor (white fir) and A. lasiocarpa (cork-bark fir) are
common subalpine forest, mixed-conifer, or pine forest species that were not
found in any of the fossil samples, nor was Abies pollen found in any of our
Guadalupe Mountains Pleistocene samples. Abies pollen cannot be trans-
poried great distances, but if 4bies were at all common in the Pleistocene
communities, some pollen grains would be expected. Stands of Pinus pon-
derosa, an important southwestern Transition Zone species, presently occur
as low as 1700 m on the east side of the escarpment. It was not found in any of
the Pleistocene macrofossil samples, although it was surely in the moun-
tains at that time. The Zone W1A forest was a diverse mixed-conifer forest
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that cannot be fitted easily into the Merriam Life Zone system. The
responses of these species were individualistic in nature as was suggested by
Gleason (1939).

If plant communities are considered as coincident, overlapping distribu-
tions of plant species along several environmental gradients (including
a time gradient; McIntosh 1958, 1967; Whittaker 1967), the relationships of
plant communities to climate must be general, i.e., the adaptations to climate
are at the species level. Most animals have behavioral adaptations which
help them to ameliorate extremes of temperature or moisture. Animals
generally have a wider ecological amplitude than plants, and even the sub-
alpine species in the Pleistocene faunas ( Marmota flaviventris and Neotoma
cinerea) are found occasionally in lower-elevation habitats (Harris 1970;
Finiey 1958). Perhaps the fauna and flora together should be viewed as a
biotic continuum in which animal species occasionally lived in somewhat
different habitats than at present. Marmota flaviventris and Neotoma
cinerea may well have been more common in late Pleistocene
pinyon-juniper woodlands than they are at present. An important con-
sideration in the reconstruction of past environments using present biotic
distributions is that the present climate is probably unusual. Most of the
biota have endured a greater period of time under the Pleistocene glacio-
pluvial climates than under the present interglacial conditions.
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! Preliminary Report on the Ecology of
§ Fire Study, Guadalupe Mountains and
Carlsbad Caverns National Parks

GARY M. AHLSTRAND, Carisbad Caverns and Guadalupe
Mountains National Parks, New Mexico

The National Parks Act of 1916 states that the purpose of the national
parks “is to vbnserve the scenery and the natural and historic objects and the
wild life [sic] therein and to provide for the enjoyment of the same in such a
manner and by such means as will leave them unimpaired for the enjoyment
of future generations.” Although the National Park Service has been largely
successful in operating park lands for the enjoyment of the public, preserva-
tion attempts have oftentimes impaired these natural areas by bringing
about unplanned and undesired changes in the ecosystems (Stone 1963). For
example, by stressing the protection of objects rather than processes within
ecosystems, suppression of all fires was justified easily in the parks (Agee
1974). Results of this action are well known in some instances, but little
understood in others at present.

Leopold et al. (1963) drew major attention to management policies in the
national parks and recommended as a primary goal “that the biotic associa-
tions within each park be maintained, or where necessary recreated, as
nearly as possible in the condition that prevailed when the area was first
visited by the white man.”

The Leopold Committee (Leopold et al. 1963) urged that wildfire be
restored to its role as an ecological factor where practical and suggested the
use of controlled burns as a tool for restoring natural ecologic conditions to
some national park areas. Based largely upon recommendations contained
in the Leopold Committee Report, a new fire management philosophy has
evolved in the past decade. The present administrative policies for natural
areas (U.S. Department of the Interior, National Park Service 1970) state:

The presence or absence of natural fires within a given habitat is recognized as
one of the ecological factors contributing to the perpetuation of plants and ani-
mals native to the habitat.

31
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Fires in vegetation resultiﬁg from natural causes are recognized as natural phe-
nomena and may be allowed to run their course when such burning can be con-
tained within predetermined fire management units and when such burning will
contribute to the accomplishment of approved vegetation and/ or wildlife manage-
ment objectives.

Prescribed burning to achieve approved vegetation and/or wildlife manage-
ment objectives may be employed as a substitute for natural fire.

In keeping with this policy, fire management plans for Guadalupe Moun-
tains and Carlsbad Caverns National Parks designate natural burn units in
portions of each park. The plans stipulate that the effects of fire on vegeta-
tion, including recovery rates, will be determined. Detailed investigations of
the potential effects of wildfire on the interior mountain and canyon areas of
Guadalupe Mountains National Park, especially in relation to its effect on
relict taxa or plant communities, are called for before considering inclusion
of these areas in a natural burn unit. In addition, a study to determine the
feasibility of using controlled burns to restore or manipulate habitats that
have been altered severely by human activities is required by the plan.

HISTORICAL ASPECTS i

There can be little doubt that the vegetation in the area has undergone
change, especially during the last century. Photographs taken at Carlsbad
Caverns National Park less than 40 years ago give evidence that dramatic
vegetational changes have occurred since livestock grazing was eliminated
from the park. Verbal accounts by lifelong residents of the area have told of
lush grasslands once existing in areas presently dominated by Larrea triden-
tata and Acacia constricta. A report by Pope (1854) made no less than three
references to the large pine forests covering the east slopes of the Guadalupe
Mountains in the vicinity of the Pinery. Another reference in the Pope (1854)
report told of the great abundance of grama grass surrounding a camp
located between the salt flats and the west escarpment. -

No one factor can account for all the observed and suspected vegetational
changes. The effects of livestock grazing, past fire history, water table fluc-
tuations, and possible climatic changes must be.assessed. Attempts to
determine the relative influence of each of these factors will be continued
through searches for historical accounts and old photographs of the area,
interviews with longtime residents of the area, tree-ring studies to detect past
fire frequencies and possible climatic changes and age—class determina-
tions of trees in forested areas.

Overgrazing has shifted the competitive advantage in favor of lig-
nophytes and allowed former grasslands to be invaded by shrubs
(Humphrey 1953, 1974). Weakening of the grass cover also lowered the inci-
dence of fires which were effective in checking the spread of woody species
(Hastings and Turner 1965). Dog-hair thickets of Pseudotsuga menziesii and
Pinus ponderosa found in portions of the relict coniferous forest may be due
in part to the planting of seeds by the hooves of livestock.
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Many of the pines reported by Pope (1854} to inhabit the east side of the
Guadalupe Mountains were logged for construction and fue! purposes by
the early settlers in the area. However, this activity alone does not seem to be
a satisfactory explanation for the distribution or paucity of reproduction
noted for Pinus in the area today.

The flow from Lower Pine Spring was reduced greatly following an earth-
quake in 1931. Whether the apparent lowering of the water table can be
attributed entirely to tectonic movements, or if man’s activities in the region
also may have influenced ground-water levels in the area needs investiga-
tion. The 1931 earthquake also might account for the absence of young coni-
fers in a meadow area at 2450 m elevation, located south of Pine Springs
Canyon. At the same elevation, but to the north of the canyon, seedling
establishment has led to the dog-hair thickets referred to previously.

The past role of fire in the area must be determined. Inner growth rings of
sections from fire-scarred trees in the coniferous forest gave evidence that for
one 150-year period, fires occurred on the average of every 25 years. The
outer rings showed no evidence of fire for over 100 years. The sections were
representative of but one location. To determine the past frequency of exten-
sive burns, many more sections and cores must be examined. Accurate
dating of the fires must await the completion of a master tree-ring
chronology for the Guadalupe Mountains. Robinson (1969) reported that
fires swept through the relict forest in Guadalupe Mountains National Park
in about 1858 and again in 1908. There is evidence of the occurrence of
smaller fires contained by natural barriers during the interim between exten-
sive burns. Results from an analysis of the size-class distribution of conifers
in The Bowl show that under the right set of environmental conditions the
understory now could contribute to an extensive crown fire (Table 1). The
same analysis indicated that Pseudotsuga menziesii has invaded more

TABLE 1. Density by size class of conifers in The Bowl. Based on data {rom thirty-six 5 by
25 m plots, mixed aspects.

Diameter at breast height

0-1 dm

Species <0.5dm >05 l1to2 2t03 3tod 405> 5dm
dm dm dm dm dm
<lm =Im
Tall Tall

Pseudoisuga menziesii 3411 525 14 2 12 3 6 4
Pinus strobiformis 332 166 14 19 18 18 4 2
Pinus ponderosa 303 453 184 82 9 4 4 2
Juniperus deppeana 14 12 1 6 2 3 7 -
Totals 4060 1156 24 116 41 9 21 8
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TABLE 2. Dominant species of the understory and repraductive stralum in relation to slope
aspect in The Bowl. Understory trees ( Quercus spp. and Juniperus deppeana) are

not considered.

Slope
aspect
)

Slope

(%)

Series

Dominants

(jverstory

Reproductive stratum

160
195
225
260
290
320
350

40

40

80
1035

110

16
12
16.5
205
36.5
13
27.5
21

28

B-10
B-113
B-4
B-7

B-6

B-9¢

B-2

Pinus ponderosa
Mixed
Pinus ponderosa
Pirtus strabiformis
Pinus ponderosa
Fseudotsuga menziesii
Finus strobiformis
Pseudlotsuga menziesii
Pinus strobiformis
Pseudotsuga menziesii
Pinus strobiformis
Pseudotsuga menziesii
Pinus strobiformis
FPreudotsuga menziesii
Pinus strobiformis
Finus ponderosa

Pinus ponderosa
Pinus strobiformis
Pinus ponderosa
Pinus strobiformis

Pinus ponderosa
Mixed

Pinus ponderasa
Fseudotsuga menziesit

Pinus ponderasa
Pseudotsuga menziesit

FPinus ponderosa
Pseudotsuga menziesii

Pseudoisuga menziesii
FPseudorsuga menziesii

Pseudotsuga menziesii
Pinus strobiformis
Pseudotsuga menziesii
Pinus ponderosa
Pseudotsuga menziesii
Pinus strobiformis
Pinus ponderosa

8A mesic habitat for this aspect. Relatively deep soil, gentle slope, and shaded.
DPlots actually spanned two different habitat types.

€Qpen canopy.

TABLE 3. Fire summary for Carlsbad Caverns National Park, 1940-74.

Fire source

Lightning Human

Five-year Number Total Average Number Total Averape
period acres acres/ hurn acres acres/burn
1940-44 6 164 27 6 45 7.5
1945-49 3 63 21 13 23 1.9
1950-54 ) 190 32 9 < 0.1 < (.t
1955-59 1 15 15 3 < 0.1 < (.1
1960-64 3 < (1 <1l 1 3 3
1965-69 3 3 | 2 8 4
1970-74 9 9150 19174 2 <{.1 <0.1 -

aExcluding the 9100-acre Cottonwood Burn, the average becomes 6.6 acres.
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southernly exposures (Table 2). Apparently, this can be attributed to the
shade afforded by the overstory. Should the canopy become more open,
Pinus ponderosa and P. strobiformis can be expected to increase in the
reproductive stratum.

For centuries fires were set in southwestern pine forests by Indians for
hunting and waging war (Cooper 1960; cited by Hanks and Dick-Peddie
1974). Pope (1854) wrote of the Indians setting fire to the prairie a few miles
scoutheast of Guadalupe Peak. Seven days later he noted, “The young grass is
springing up on the ground that was fired a few nights ago. The prairie still
continues to burn; the light can be seen at a distance of 45 miles from
camp. . ..”

The recorded fire histories for both parks are summarized in Tables 3-4.
Since 1960, lightning-caused fires have ocutnumbered those caused by
humans. Improved surveillance during periods of extreme fire danger and
public assumption that “fires are bad” have contributed to the recorded
reversal in trend. In general, human-caused fires have resulted in fewer acres
burned per fire than those originating from lightning strikes. The former
usually have been suppressed before they could spread because of easier
access than most lightning-caused fires.

TABLE 4. Fire summary for Guadalupe Mountains National Park, 1960-74.

Fire source
Lightning Human
Flve-_year Number Total Average Number Total Average
period acres acres/burn acres acres/hurn
1960-64 1 3 3 0 0 0
1965-69 I <{.1 < 0.1 | <.l <01
1970-74 12 725 60 2 i 5

Since the natural burn policy was initiated at Carlsbad Caverns National
Park in 1972, less than one-tenth acre has burned due to nonsuppression.
The Cottonwood Fire of 1974 burned approximately 9100 acres of park land
and accounted for most of the total acreage burned during the 1970 to 1974
period. Although much of the fire burned in the natural burn zone, con-
tinuous suppression efforts were waged until the fire was declared out.
Burned vegetation recovered rapidly in most areas following the fire (Figs. 1-
2).

Usual late spring and early summer conditions of high temperatures, low
relative humidites and fuel moisture values, high lightning probability, and
moderate to strong winds contribute to potentially high fire danger situ-
ations when combined with adequate fuel supplies. Most of the recorded
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fires in the parks have been limited to relatively small areas, having been con-
tained by natural barriers or suppressed by fire crews. Successful fire sup-
pression efforts and the elimination of livestock grazing in both parks have
resulted in a gradual accumulation of fuel over the years. With the present
fuel loads in many portions of the parks, an increase in the number, size, and
intensity of fires can be expected. Successive cat-face scars on trunks of
Juniperus deppeana throughout the back country of Carlsbad Caverns
National Park suggest that extensive fires have occurred periodically in the
past.

VEGETATION ANALYSIS

An attempt was made to examine all burns, one-tenth acre or larger in
size, listed in the fire records of each park. It was not possible to identify the
boundaries of burns that occurred prior to 1968. Of more than 35 burns
located, eight were selected in the succulent desert formation for a compara-
tive vegetation analysis. One of the eight selected for study was reburned
during the summer of 1974 before sampling could be completed.

For each burn, a 25 by 50 m permanent plot was established on the burn
and on a nearly identical adjacent unburned stand. Cover was determined
for shrubs by species along ten 25-m line intercepts placed at 5-m intervals
within each plot. Species within a 20 by 50 cm plot frame placed at 5-m
intervals along each 25-m line were recorded by species according to one of
six cover classes (fifty 0.1 m? subplots per 25 by 50 m plot). Intercept data
were converted to coverage for individual species. Coverage and frequency
values were calculated for species sampled in the subplots. Coverage values
for species sampled in common by the two methods were in close agreement.

Species shared in common by pairs of stands for a given burn averaged less
than 50% of the combined total species for the pairs, which suggested the
presence of seral species on the burned plots. However, when species pres-
ent in all control stands were compared with species present in all burn
stands, no seral species were indicated. When the same comparison was
made after eliminating from consideration those species with frequency
values of 2¢; or coverage of 19 or less, species shared in common between
control and burn pairs averaged nearly 1009%. Species area curves indicated
that the stands were oversampled by a factor of 2 in terms of taxa present.
However, plots of cumulative mean coverage showed that between 40 and 50
subplots per stand were necessary to achieve coverage data.

Most of the fires have not been of an intensity to eliminate many species.
The competitive balance among species was altered by burning, but not to
the extent that invasion of the site by seral species was permitted. The most
evident effect of fire was to change the relative cover values for species
present. Coverage of grasses and forbs often increased after burning,
whereas that of shrubs usually was reduced (Table 5). Similar results were
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reported by Dwyer and Pieper (1967) for range land in south-central New
Mexico.

Responses of individual taxa to fire were not consistent. Most of the
variation observed probably is due to differences in fire intensities and in soil
moisture availability following the burn. Factual data concerning the role of
fire in the Chihuahuan Desert region are difficult to obtain because this has
been a topic of little research (Humphrey 1974), Limited observations on the
reaction of individual taxa to fire in the Chihuahuan Desert were reported by
Kittams (1972) and Humphrey (1974). Information concerning shrub
species whose distribution includes the Chihuahuan Desert region has been
reported in studies conducted elsewhere (Reynolds and Bohning 1956; Pond
and Cable 1960; Dwyer and Pieper 1967; White 1969; Pase and Lindenmuth
1971; Cable 1972; Wink and Wright 1973; Heirman and Wright 1973;
Wright 1974a). Conflicting responses to fire reported for many taxa wete at-
tributed to varying seasonal and other environmental conditions that have
seldom been well defined (Pieper et al. 1973). Wright (1974b) reported on the
long-term effect of fire on several grasses common to this area and related
the degree of response within individual taxa to annual precipitation.

EXPERIMENTAL PRESCRIPTION BURNS

A series of experimental burns is planned in order to document the
response of vegetation to fires under different burning conditions and fuel
types. The behavior of both headfires and backfires will be documented in
several habitat types for five ranges of fuel moisture—3 to 5%, 6 to 8%, 9 to
119, 12 to 14%, and 15 to 17%. Attempts will be made to burn at the
midpoint intervals. Tentative plans call for burning when winds do not
exceed 25 kmph, air temperature is between 10 and 30°C, and relative
humidity is between 20 and 609.

The plot dimensions for each burn will be 10 by 10 m, with a 5-m buffer
strip on each side to eliminate edge effects. Total area to be burned per fire,

including the buffer strip, will be 400 m2, A fire line at least | m wide will be

cleared completely around the outside edge of each buffer strip. Individual
plots for each of the 10 burns per habitat type will be picked randomly froma
grid of 12 plots, leaving 2 plots per grid as controls.

A vegetation analysis of each plot will precede the actual burning and will
be repeated periodically to follow recovery rates. Plant-water relations will
be followed in selected taxa on burned and control plots. Fire intensity can
be calculated as the product of the rate of fire spread and fuel energy con-
sumed (van Wagtendonk 1974).

SEED GERMINATION

Studies of temperature and water potential limits for germination, and the
effect of fire on viability and germination are needed for selected species for
which seeds serve as the primary means of propagation. Information from
these studies, when considered with energy budget data from various habi-
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tats, can be used to estimate the success of different taxa on fire-altered
habitats.

Although no controlled environment studies of seed germination have
commenced, a simple test was conducted twice in the laboratory with seeds
harvested in November 1973. Seeds were placed in petri dishes on three
layers of moistened filter paper. Tap water was added as needed. Light and
temperature conditions were variable. Seeds were given no special pretreat-
ments. Two replicates per trial were prepared and each replicate consisted of
50 to 150 seeds, depending on seed size. Germination counts were made daily
and the results are summarized in Table 6.

TABLE 6. Results from two seed germination trials. Percent germination is on the fifieenth
day of each trial.

Germination (%) Average number

of days to reach

Species Feb~Mar trial  Aug-Sept trial 50% germination
Agave lechuguilla 93 88 4
Arbutus xalapensis 80 90 10
Bourteloua curtipendula 3 23 -
Bouteloua gracilis 5 19 -
Bouteloua hirsuta 12 13 ~
Dasylirion leiophytlum 9 pa -
Yucca rorreyi 98 98 ] 7

a8eeds infected with a fungus and failed to germinate.

Greater permination percentages were attained by Bouteloua gracilis and
B. curtipendula during the second trial and most likely were due to after-
ripening. Future studies should investigate the effect of stratification on
seeds of species slow to germinate or with low germination percentages. Seed
viability for some species will be tested with 2,3,5-triphenyl tetrazolium
chloride.

Agave lecheguilla is a prolific seed producer and the seeds germinate
readily in relation to other species tested. Apparently, this is an important
factor in its success on sites where competition by other species has been sub-
stantially reduced, such as on overgrazed lands.

Although seed viability in Arburus xalapensis was high, growth of seed-
lings progressed slowly in the laboratory. Field conditions necessary for
germination of seeds and establishment of the species probably occur infre-
quently. Even in those years favorable for germination, seedlings may die
because their roots cannot keep pace with the descending depth of available
soil moisture. ~

PLANT WATER STATUS
Important in the consideration of relict species, and especially those
occupying tension zones, is their ability to survive in conditions imposed by
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fire-altered habitats. Water availability is undoubtedly the greatest single
limiting factor controlling the distribution of plants in this area. Infor-
mation concerning the seasonal water status of these species under present
conditions is important in predicting their future success in modified micro-
environments,

Some plants are capable of regulating the magnitude of internal moisture
stress, whereas others lack this ability and conform to the various stresses of
their environment (Hickman 1970). The pressure chamber technique for
measuring moisture relations in plants (Scholander et al. 1965; Waring and
Cleary 1967) affords a convenient means for following the functional
moisture stress in many plants under field conditions. Several taxa have been
- monitored periodically at Carlsbad Caverns National Park since October
1974. Representative species and the range of water potentials observed with
the pressure chamber were as follows: Pinus edulis, -14 to -17 bars; Juni-
perus pinchotii, -17 to -20 bars; Berberis trifoliolata, -30 to -36 bars. These
values represent baseline data, as none of the species was subjected to
moisture stress during the monitoring period. As the drying season pro-
gresses, various adaptations of different taxa to decreasing moisture supplies
will be sought by following their functional water stress patterns with diurnal
measurements,

Additional studies concerning the moisture status of plants will include
observations of stomatal diffusive resistances and cell osmotic potentials.
Arid land plants possess numerous physiologic, morphologic, and anatomic
adaptations for conserving maisture, Stomatal function is important to
water economy. At finite transpiration rates, the lower limit of soil moisture
availability is determined conceptually by the mesophyll osmotic potential,
the resistance to water flow (controlled largely by the stomates), and the rate
of transpiration. When the stomates are closed and the transpiration rate is
zero, the cell osmotic potential determines the lower limit of soil moisture
availability to the plant. Therefore, plants with low osmotic potentials have a
definite advantage in moisture competition with plants possessing higher
osmotic potentials, other factors being similar. Cell osmotic potentials and
stomatal diffusive resistances will be observed for species during the inten-
sive study of functional moisture stress.

ENERGY BUDGETS

The degree of microenvironment modification of fire-aitered habitats
varies according to the intensity of the burn. Where fuel loads are light,
burning will effect little change. Some areas presently have fuel loads, which,
if burned under the right set of environmental conditions, would lead to
significant changes. Information concerning the degree of change that can be
expected under given burning conditions in specific habitats is important in
predicting which taxa can survive in the fire-altered habitats, and what long-
term effects on soil, soil microorganisms, and faunal populations can be
expected. The degree of change can be estimated for each community type by
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a consideration of the energy budget for a two-dimensional surface (Lowry
1969},

No studies are planned on this phase of the investigation until more
information from other parts of the study are available.
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The Guadalupe Mountains—A Chink

in the Mosaic of the Chihuahuan
Desert?

MARSHALL C. JOHUNSTON, University of Texas, Austin

My purpose is to place the Guadalupe Mountains, botanically, into a
broad regional framework, on the basis of floristic and vegetational
evidence. This has relevance in the current trend toward studying the floras
of biotically coherent geographic units instead of the traditional (and
probably still more practical) political-geographic units. One of the first of
the biotic units delincated as an area for special floristic study was the so-
called Sonoran Desert, which Shreve (1942} courageously delineated and
which Wiggins wrote up floristically (Shreve and Wiggins 1964). Shreve
(1942) also attempted to delineate the Chihuahuan Desert, with which he
was less well acquainted. '

In 1971, in proposing to write a Chihuahuan Desert Flora, 1 found ut
necessary and desirable to draw a line on the map to delineate the Chi-
huahuan Desert Region. Anybody who has tried to draw a line on a map
purporting to separate biotically distinct regions knows how hazardous this
can be to the integrity of communication. For the line has an unwarranted
narrowness and inflexibility that contradicts everything we as field
observers know about biotic, climatic, and substrate continuity, about the
usual gradualness of transitions, and about the mosaic nature of the sub-
strate and of the climate in those areas of much topographic relief. All these
conditions conspire to give us in nature both tightly chinked biotic mosaics
and broad biotic transitions that defy our line-drawing attempts. As a poet
once said, “Nature mocks at human categories.”

Nevertheless, lines are drawn on maps and in some cases they more or less
successfully delineate biotic areas; in my case the line-drawing was a prac-
tical necessity. Lines thus drawn always represent compromises, and mine
was no exception.

The line (Fig. 1) excludes the uppermost parts of the Guadalupe Moun-
tains, which in fact constitute part of the northern boundary of the Chihua-
huan Desert Region. Some confidence in this placement of the boundary
may be inspired by the general consensus expressed in-a recent symposium
on the Chihuahuan Desert at Alpine, Texas. Many of the participants who
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FI1G. 1. Sketch-map showing the extent of the Chihuahuan Desert Region and the

placement of the Guadalupe Mountains.

delineated the northern part of the chihuahuan Desert Region drew it in this

area to exclude the higher part of the Guadalupe Mountains.

Those of us who have worked a long time with the flora of western Texas
and northern Mexico are impressed by the botanical features of the Guada-
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lupe Mountains, which seem to us. toreflect strong influence of the southern
Rocky Mountains and the mounainous parts of the Colorado Plateau, par-
ticularly those massifs which are largely calcareous. Asexamples, on the up-
per slopes we find the common ground cover of Berberis repens Lindley with
Fragaria bracteata Heller and Carexe burnea Boott hereand there, and the
poisonous Hymenoxys richardsonii (Hooker) Cockerell var. floribunda
(Gray) K. Parker on the overgrazed exposures, and much Pinus edulis
Engelm. mixed with the other gymnospermous plants. Inthe better-watered
canyons we find such plants as Amelanchier wtahensis Koehne, Aster
hesperius Gray, Lonicera arizonica Rehder, Physocarpus monogynus
(Torrey) Coulter, Polygonatum cobrense (Wooton & Standley) Gates,
Robinia neomexicana Gray, Valeriana arizonica Gray, and Zigadenus
elegans Pursh, all of which are very special to us, reminiscent of the Rocky
Mountains, and found nowhere else in Texas and nowhere in the Chi-
huahuan Desert Region.

As the only one of our Texas “front ranges” over 2000 m in altitude which
is of calcareous rock {the Davis Mountains at 2500 m and the Chisos Moun-
tains at 2400 m are of igneous rocks), the Guadalupe Mountains may be
expected to show some other interesting, and, for Texas, unique floristic
elements. Figure 2, in fact, shows what a truly massive and abrupt topo-
graphic, climatic, and biotic barrier these mountains are. Thus it may not be
too surprising to find here such widespread north-temperate species as
Cystopteris bulbifera (Linnaeus) Bernhardi, Glyceria sfriata (Lamarck)
Hitchcock, Lactuca graminifolia Michaux, and Lilium philadelphicum
Linnaeus var. andinum (Nuttall) Ker-Gawler, all of which are rather
strongly mesophytic or even aquatic in their preferences, and all of which are
rare or unknown elsewhere in Texas.

Neither is it too surprising that a few species which are found in the lime-
stone Edwards Plateau 200 km to the southeast have small disjunct popu-
lations in the Guadalupe Mountains, which provide a relatively mesic island
for their survival. These species include Lithospermum parksii 1. M.
Johnston var. rugulosum 1. M. Johnston and Liatris punctata Hooker.

All these botanical components have led us to emphasize the relation-
ships of the Guadalupe Mountains to biotic regions other than the Chi-
huahuan Desert Region, and I think it is wise and expedient to adhere to this
exclusion. Thus | answer the question posed by my title in the negative, at
least as it pertains to the uppermost parts of the Guadalupe Mountains.

Before -we become too settled in our convictions, however, 1 think it is
desirable briefly to look at the Guadalupe Mountains from a more northerly
vantage point, let us say from the point of view of a botanist working in the
northern half of New Mexico. Such a botanist visiting the Guadalupe Moun-
tains would be struck primarily by the extent that the truly montane
vegetation is areally restricted and depauperate. A suggestion of affinity to
the southern Rockies would strike him as a trifle far-fetched and strained,
and he would be more inclined to emphasize the numerous species which
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find their northern, northeastern, or northwestern limits in or near these
mountains, indicating more southern affinities. The floristic elements at
moderate elevations which are at or near their northernmost distributional
limits in the Guadalupe Mountains include Arbutus xalapensis Kunth,
Chrysactinia mexicana Gray, Sophora secundifiora (Ortega) DeCandolle
and its relatives, Juglans microcarpa Berlandier, Dichondra brachypoda
Wooton & Standley, Quercus pungens Liebman, Rhamnus serrata Schultes,
Selaginella lepidophylia (Hooker & Greville) Spring, Selagineila pilifera A.
Brown, and Menodora longiflora Gray. At lower elevations more and more
strongly xerophytic elements are found at or very near their northernmost or
northwesternmost limits; these include Phyflanthus polygonoides Sprengel,
Jatropha dioica Cavanilles, Bernardia obovata 1. M. Johnston, Condalia
warnockii M. C. Johnston, Leucophyllum minus Gray, Stenandrium
barbatum Torrey & Gray, Ibervillea tenuisecta (Gray) Small, Ruellia parryi
Gray, Mammillaria lasiacantha Engelmann, and a number of other Cac-
taceae, Viguiera stenclaba Blake, Boerhavia linearifolia Gray, Mimosa
biuncifera Bentham, Cassia lindheimeriana Scheele, and Acleisanthes longi-
flora Gray. :

In summary, it appears that a balanced view of the Guadalupe Mountains
will include a recognition of a dilute, weak, fragile, marginal, and areally
restricted vegetational island reminiscent of the Southern Rockies and the
mountains of the Colorado Plateau, as well as a vast area surrounding on
three sides which is clearly part of the Chihuahuan Desert Region. In fact,
there are mountain ranges wholly within the Chihuahuan Desert Region
that strongly resemble the Guadalupe Mountains and that support more
extensive gymnospermous forests, e.g., the Sierra de la Madera, Coahuila.
The reason they are included within the Chihuahuan Desert Region is that
they are more centrally located and completely surrounded by desert vegeta-
tion. The Guadalupe Mountains, at least the upger 500 m, are excluded
because they are surrounded on only three sides by desert, and they are at the
northern limit of that desert vegetation.
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Summary of the Vegetative Zones

of the Guadalupe Mountains
National Park, Texas

DAVID K. NORTHINGTON and TONY L. BURGESS,
Texas Tech University, Lubbock

As even the nonbiologist could readily notice, the vegetation of the
Guadalupe Mountains National Park is extremely varied and often of
unigue composition. Topographic, climatic, and edaphic factors interact to
produce this vegetational mosaic in which the delimitation of general zones
is often difficult if not impossible. Our purpose is to summarize the various
vegetative regions of the Guadalupe Mountains National Park, with special
attention given to those transitional and unique associations that defy such
classification.

Warnock (undated) and Gehlbach(1967) have treated the vegetative com-
munities of the Guadalupe Mountains region, thus some of our observa-
tions represent duplication. Gehlbach, however, described only the eastern
escarpment, primarily McKittrick Canyon, and neither author commented
adequately on certain portions of the park’s higher elevations. Table 1 sum-
marizes briefly the vegetative zones and specific plant associations of
Warnock and Gehlbach. Potter and Robinson (1968) did describe a con-
siderable portion of the coniferous forest areas in the park; again, however,
some areas of interest were not included in their study area. In addition to
these references, Glass and Reisch {1974) conducted an Interagency Browse
Survey for the Guadalupe Mountains National Park and included therein is
a detailed vegetation map for the entire park. The plant names used in this
paper correspond to those in Correll and Johnston (1970).

VEGETATIVE ZONES

For sake of simplicity, and in many cases for accuracy, we will categorize
the park into three gemeral biotic communities—desert, woodland, and
forest. Specific plant associations within each of these zones can then be
treated individually, whether a specific descriptive tag can be applied or not.
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TABLE 1. Two schemes of vegetation classification for the Guadalupe Mountains, B, H.
Warnock’s {undated) formations and associations are in the left column. F. R. Gehlbach's
(1967) system for the east escarpment only is listed by formations and dominance typesin the
tight column. Nomenclature changes have been made to conform species names to Correll

and Johnston (19706}

WARNOCK

GEHLBACH

Desertscrub
Prosopis glandulosa
Larrea tridentata- Prosopis glandulosa

Grassland

Agave lecheguilia- Dasylirion
leiophyllum

Bouteloua eriopoda-Aristida
pansa

Dasylivion leiophyllum-Forsellesia
spinescens

Dasylirion leiophylfum-Cercocarpus
momanus

Woodland

Chaparral: Cercocarpus montanus-
Ceanothus greggii- Quercus
undulata-Q. pungens

Evergreen/deciduous complex:
Quercus sp.—Juniperus sp.—
Pinus edulis-Mimosa borealis—
Acacia neovernicosa

Canyon: Arbutus xalapensis-Acer
grandidentatum- Prunus serotina-
Quercus muhlenbergii-Q. grisea-
Juniperus monoesperma-J. deppeana-
Pinus edulis

Riparian: Populus sp.-Salix sp.—
Jugilans microcarpa- Celtis
reticuiata

Coniferous forest

Pinus ponderosa

Pseudotsuga menziesii- Pinus
strobiformis- P. ponderosa

Shrub desert
Larrea tridentata- Flourensia cernua
Acacia neovernicosa-Larrea tridensala

Succulent desert

Dasylirion leiophyihum-Agave
lecheguilla

Juniperus monosperma-Agave
lecheguilla

Evergreen woodland

Quercus grisea-Juniperus
(monosperma?)®

Quercus grisea-Juniperus deppeana®

Juniperus deppeana- Pinus edulis

Deciduous woodland

Juglans microcarpa- Dasylirion
leiophyllum

Fraxinus velutina-Ostrya knowltonii

Coniferous forest

Pinus ponderosa

Fseudotsuga menziesii- Pints
strobiformis

Desert

Considerable portions of the region below the west and east escarpments
would qualify as desert. Because of the dominance of microphyllous shrubs
such as Larrea tridentata, Prosopis glandulosa, Acacia neovernicosa,
Flourensia cernua, and Atriplex canescens, this vegetation is often referred
to as desertscrub. On most of the west bajada below 5000 ft there is “typical”
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desertscrub in which Larrea dominates either totally or in association with
Bouteloua eriopoda, Sporobolus airoides, and Erioneuron pulchellum.
Some of the more unique plant associations in the park occur in particular
edaphic situations on the lower west side. A more thorough review of the
desert vegetation of this region is available (Burgess and Northington 1975);
however, a brief overview of some of the more salient features is presented
herein.

Near the edges of the Salt Flat, Sporobolus airoides dominates, with
Atriplex canescens, Frankenia jamesii, and Allenrolfea occidentalis
constituting an open shrub stratum. Heavy clay soils, for example, in the
vicinity of Homsley’s Dugout, support extensive stands of Auriplex
canescens. Adjacent to this area, near the west boundary of the park, are
gypsum dunes and ridges in various stages of stabilization. A mosaic of asso-
ciations covers these sites dominated variously by Coldenia hispidissima,
Bouteloua breviseta, Sporobolus nealleyi, Poliomintha incana, Ephedra
torreyana, Yucca elata, and Opuntia polyacantha.

To the northeast of this gypsum complex a large area of quartz sand
occurs. These “red dunes” have Prosopis glandulosa, Atriplex canescens,
Croton dioicus. and Yucca elata sharing dominance with a Sporobolus
complex including S. giganteus, contractus, and flexuosus. In portions of
these quartz sands, the grass species so dominate that the recognition of a
grassland biotic community could be defended. In fact, Warnock would con-
tend that most of the lower elevations (and often up to 7500 ft) of the park
should be classified as grassland from which overgrazing has produced the
current desertscrub communities. Such a view could well be supported in
light of the geographic proximity of the plains grasslands immediately tothe
north and east. As Lowe (1964) pointed out, although the Chihuahuan
Desert has more grasses than the Sonoran Desert and even in light of some
investigators’ contentions that the entire Chihuahuan Desert should be con-
sidered a grassland climax, the current status of the region is that of a natural
desert dominated by numerous climax shrubs.

As previously pointed out, however, the position of the Guadalupe Moun-
tains National Park is transitional between the Chihuahuan Desert and the
plains grasslands. There are certainly clear-cut examples of both commu-
nities within the park boundaries, but equally as prevalent are transitions in
which a plethora of plant taxa are found variously in association.

Whether the lower elevations of this region are disclimax grasslands
invaded by succulents and microphyllous shrubs due to overgrazing, or a
true desert climax with increased coverage of grass species due to the
proximity of the plains grassland biome is certainly an interesting question.
The fact that grassland associations of varying complexities do exist within
the park cannot be ignored. Due to the great variability exhibited in relation
to grass coverage, associated species presence, and edaphic influences, we
feel it best to examine several major grassland communities within the park
and treat exercises in classification as a futile game of semantics.
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Some of the nicest examples of grasstand associations occur just above
the alluvial fans among the limestone slopes on the west escarpment. Such a
community on the rocky slopes above Williams Ranch is dominated by
Bouteloua eriopoda with significant numbers of Agave lecheguilla, Viguiera
stenoloba, and Fougquieria splendens. This area certainly would be called
grassland by Warnock, whereas Gehlbach would consider this as succulent
desert. An alluvial fan in the northwest corner of the park reveals an open
grass cover of Bouteloua eriopoda, Aristida glauca, and A, pansa, punc-
tuated with scattered Yucca torreyi and Krameria glandulosa.

Between 5500 and 6000 ft on the west escarpment, there exist areas of less
slope and deeper soils derived from eroded sandstone which are almost
totaily grass dominated, The major grass taxa in these areas include
Bouteloua hirsuta, B. warnockii, B. gracilis, B. eriopoda, Lycurus
phlecides, Eragrostis lugens, Muhlenbergia setifolia, Stipa neomexicana,
and Aristida glauca. In rockier areas these grass species become “invaded”
by several shrub species, especially Dasyfirion leiophyllum, Parthenium
incanum, Viguiera stenoloba, Mortonia scabrella, Leucophyllum minus,
and Dalea formosa. At higher elevations (above 6500 ft) on the west escarp-
ment, dominance shifts from grass species such as Muhlenbergia pauci-
flora, to Cercocarpus montanus, Choisya dumosa, Forsellesia spinosa,
Nolina micrantha, Yucca baccata, and Dasylirion leiophylium.

On the more gradual slopes of the east escarpment are found grass-
dominated areas which often have Dasylirion and Opuntia species mixed
with Juniperus pinchotii, or in more riparian sites J. deppeana, Quercus
grisea, and Arbutus xalapensis. The most common grass species in these
grassland-succulent desert-woodland communities are Bouteloua curti-
pendula, B. gracilis, Lycurus phlecides, Muhienbergia setifolia, Aristida
glauca, and Stipa neamexicana. Areas near Pine Spring Canyon and Nipple
Hill show plant associations ranging from short-grass grassland to succu-
lent desert-grassland to succulent desert-open woodland-grassland. Such
complex mosaics render useless general classification schemes that would
effectively delineate biome formations on a local basis.

Possibly, the creation of intermediate terminology to describe the con-
siderable acreage within the park that, depending on the author, could be
classified as either grassland or succulent desert would be effective. To that
end we will refer to these vegetative assemblages as “succulent grassiand.”
Another possible term to describe this complex is “Ensotal” (M. C.
Johnston, pers. comm.).

‘--

Woodland

As we have already pointed out, especially on the east escarpment, open
woodland-grassland transitions oceur, leading to many of the true wood-
land associations. These transitions occur as one goes from the desert floor
up into the more mesic and cooler arroyos and canyons. Warnock would
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refer to this association as canyon woodland. The more xeric of these
riparian communities contain Juglans microcarpa and Dasylirion
leiophyllum. On a xeric to mesic gradient, Quercus grisea (and some
Juniperus monosperma) replace Juglans. These taxa are then replaced by
Quercus undulata and Juniperus deppeana which grade into Quercus
muhlenbergii, Ostrya knowltonii, and Acer grandidentaium, An accurate
delimitation of deciduous as opposed to evergreen woodlands in these
canyons is sometimes difficult although deciduous taxa usually
predominate.

Another factor that further complicates canyon vegetation structure is
slope effect. As these riparian associations move out onto rocky slopes which
are especially common in the McKittrick Canyon complex and on the west
side, the nature of the vegetative structure changes yet again. The presence of
low growing oaks, Dasylirion leiophyilum, Fouquieria splendens,
Ceanothus greggii, Cercocarpus montanus, Mimosa biuncifera, and
scattered Agave neomexicana present a chaparral-like association. Such
associations also occur in similar habitats of Dog Canyon with the regular
addition of Nolina micrantha.

In addition to these riparian (deciduous), chaparral, and evergreen wood-
land associations, one of the most unique vegetative zones in the entire park
occurs in several localities of the McKittrick Canyon system, These areas
represent a seral stage in the development of a deciduous woodland and are
characterized by Adiantum capillis-veneris and later, Cladium jamacense.
These mats or “hanging terraces” are potentially threatened by human visita-
tion because relatively little trampling is sufficient to disturb them signifi-
cantly. As these present a favorable habitat for distributional limits of sev-
eral taxa (such as Cladium) in the region, concern for their preservation is
well warranted.

The lower slopes of both Upper Dog and West Dog Canyons are charac-
terized by deeper and less rocky soils. These slopes have rather extensive
stands of Pinus edulis and Juniperus monosperma sharing dominance (a
Pinyon-Juniper evergreen woodland). In the alluvial bottoms are found
grassy meadows of Stipa tenuissima ot in some of the more xeric areas of
West Dog Canyon, Bouteloua gracilis.

Between Cox Tank and Coyote Peak occurs a unique region previously
undescribed as a significant plant association in the Guadalupes. Inscattered
stands throughout this area Juniperus monosperma and Sophora

I gypsophila var. guadalupensis share co-dominance. Yucca baceara and

Cercocarpus montanus are commonly associated species in these areas asare
Bouteloua curtipendula and Aristida glauca in rockier regions. Alse com-
mon to the more xeric, steep, rocky slopes in this northwest canyon com-
plex are Nolina micrantha, Dasylirion leiophyllum, and Agave neo-
mexicana. As one moves along a xeric 1o mesic gradient, Juniperus mono-
sperma is replaced by Pintus edulis and finally merges into the edges of coni-
ferous forest forms.
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Forest :

As would be expected by now, there exist numerous transitional areas
between evergreen and/ or deciduous woodland zones and the easily recog-
nizable coniferous forest regions. In the more xeric forest associations, Pinus
ponderosa dominates with significant amounts of Muhlenbergia paucifiora
(and Quercus gambelii} on open slopes. The more mesic forest associations
have Pseudotsuga menziesii and Pinus strobiformis sharing dominance with
Pinus ponderosa as an associated subdominant in some areas. The most
typical coniferous forest associations occur in The Bowl, but notable stands
occur throughout the higher elevations near Bush Mountain, Blue Ridge,
and the McKittrick Canyon drainage. One small stand of Populus tremu-
lotdes still occurs west of The Bow] where it is locally still a subdominant.

Rock Outcrops ,

A plant association that warrants attention in this overview but does not
fit naturally in any of the preceding three general vegetation zones is the
complex of taxa that inhabits the steep limestone rock faces throughout the
park. Although many of these habitats do occur in association with the
riparian woodlands of the McKittrick drainage system, they also occur on
the east and west escarpment faces and in portions of the Dog Canyon
drainage in association with everything from almost desert to montane for-
mations. In these habitats are found a large number of the unique taxa from
the park including Chaetopappa hersheyi, Cystopteris buibifera, and C.
Jragilis; Epithelantha micromeris, Hedeoma apiculatum, Nama xylopodum,
Ferityle quinquefiora, Phanerophlebia auriculata, Pinaropappus parvus,
and Salvia summa. In addition to these “rock endemics,” Fendlerella
utahensis, Fendlera rupicola, Petrophytum caespitosum, Hedyotis
nigricans, and Philadelphus hitchcockianus are also found in these habitats.
Thus each of these areas is a separate and fairly distinct group of associa-
tions that is of particular interest due to the numbers of taxa restricted to
such habitats which are in some way unique distributionally.

SUMMARY _

Our purpose was to present a brief summary of the major vegetative zones
in the Guadalupe Mountains National Park region with special emphasis
given to selected plant associations that exhibit “typicai” plant class forma-

tions and to those that represent transitions between them. A thorough

(quantitative) analysis of the vegetational associations in the Guadalupes is
certainly needed as can be seen by the categorization difficulties encountered
in this short overview. The critical message here is an awareness of the
uniquely complex vegetational mosaics of this region produced by sudden
and extreme topographic and edaphic interfaces in an essentially arid
climate. These various floristic elements occur at a crossroads of major
biotic assemblages: Rocky Mountain Forest; Chihuahuan Desert Scrub;
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Great Plains Grassland; and some elements of the Sierra Madrean Wood-
land (Southwestern Mountains). This geographical position 1s in a zone of
climatic interface which results in temporally unstable habitats containing
unique plant associations. Such complexity is what makes this area so
striking and interesting to both the scientist and to the general public.
Because most of the area in question is part of the Guadalupe Mountains
National Park, preservation of these features is more assured as is the oppor-
tunity of exposing the public to nature at its heterogeneous best.
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I Status of Rare and Endangered Plant
B Species of the Guadalupe Mountains
National Park, Texas

DAVID K. NORTHINGTON and TONY L. BURGESS,
Texas Tech University, Lubbock

The flora of the Guadalupe Mountains National Park has been described
accurately in general terms by almost every scientist who has visited the
region. A summation of these observations would include comments about
vegetational mosaics; community diversity with sudden transitions; and cer-
tainly there would be reports of rare, endemic, or unique taxa occurring in
the delicate habitats produced by such topographic and edaphic diversity.
There is good cause for such profuse descriptive phraseology and equally
good cause for the more recently escalating number of warnings and
expressed fears for the future of this area. We certainly concur with all such
descriptions and unfortunately we must join the growing numbers of people
who feel a real and immediate concern for the future of this beautiful and
unique region. This concern is based on our recent survey work in the park
for the National Park Service. Although this study is still active and not com-
plete, we feel that sufficient data are already available for in¢lusion in this
symposium volume,

This report will emphasize the unique taxa within the park and, based on
these data, recommendations will be presented for management of the
critical areas of the park. Appendix | summarizes most of the plant taxa that
we consider unique, along with the criteria used to establish their degree of
uniqueness. This list also includes distributional, ecological, and interpreta-
tive comments where applicable. At a later date this list will be expanded and
corrected where necessary as a result of continuing, but as yet unfinished,
identification efforts by both our own and outside personnel. For the most
part our taxonomy follows that of Correll and Johnston (1970).

I UNIQUE FLORISTIC FEATURES: AREA BREAKDOWN

A brief presentation of notable floristic elements in discrete areas within
f the park follows. More information on each specics is presented in Appen-
dix L
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McKittrick Drainage Complex

The integrity of the McKittrick drainage is central to preservation of the
unique flora of the park. It is the most mesic and extensive system within the
range, and supports representative populations of a majority of the rare and
endemic taxa.

General

For contro! of erosion and floods, maintenance of vegetative cover
throughout the watershed is essential. This should not preclude the possi-
bility of controiled burning to thin stands of young conifers at higher eleva-
tions; in fact, by reducing available fuel and thereby lessening the intensity of
accidental burns, this practice could be beneficial to the drainage system. We
expect that Dr. G. M. Ahlstrand's research will provide needed information
for burn management.

Several endemic species can be found in crevices of limestone cliffs and
ledges throughout this drainage. Among these are Nama xylopodum,
Chaetopappa hersheyi, Pinaropappus parvus, Salvia summa, Hedeoma
apiculatum, Valeriana texana, and Polygala rimulicola. Their preservation
is aided by the inaccessible locations of some colonies.

Forested canyon bottoms above about 7000 ft shelter disjunct popula-
tions of several Rocky Mountain species, some found nowhere else in Texas.
These include Fragaria bracteata, Swertia radiata, and Physocarpus
mMonogynus. '

Many unique taxa are concentrated along streams and adjacent boulders
and gravel alluvium. The accessibility and relatively small area of this
habitat make it one of the most vulnerable in the park to human impact,
Species in this habitat include Agquilegia chaplinei, Glyceria striata,
Stephanomeria wrightii, Sisyrinchium demissum, Lactuca graminifolia,
Rosa woodsii, Streptanthus sparsiflorus, Equisetum kansanum, Aster
hesperius, Penstemon cardinalis, Asclepias  tuberosa, and V¥iola
missouriensis.

Special Considerations

South McKittrick. —A small canyon draining northeast from the carth tank
in The Bowl appears more mesic than most canyons in the drainage, and it
contains a well-developed forest flora including Smilacina racemosa,
Corallorhiza striata, and Rosa woodsii. This canyon merits attention as a
preservation area.

The mats of vegetation which have developed on seeps in limestone ledges
support several rare or endemic species (Aquilegia chaplinei, Zigadenus ele-
gans, and Physocarpus monogynus). Often dominated by Cladium jamai-
cense or Adiantum capillus-veneris, these are among the most unique plant
associations in the Guadalupes. Within the park the best-developed mats or
“hanging terraces” are located between Turtle Rock and The Narrows. The
wet limestone base makes these mats unstable and vulnerable to foot trafiic.
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The Narrows is an area of steep limestone ¢liffs and pools which obstruct
passage up the narrow canyon bottom. lts location is approximately 2.6 km
5, 2.0 km W Pratt Lodge. The ferns Cystopteris bulbifera and
Phanerophliebia auriculata grow in shaded crevices, and Viola missouriensis
is common on more sunlit sites. Protection of this area is aided by its remote-
ness from existing trails,

North MeKittrick. —Devil’s Den contains most of the Celastrus scandens
found in the park. A small colony of this species occurs on a slope and adja-
cent streambed a short distance below a dry waterfall in the lower part of the
anyon (about .5 km N, 1.1 km W Pratt Lodge). This area also supported
the greatest density of Streptanthus sparsiflorus observed in 1974.

The New Mexico segment of the south fork of North McKittrick contains
an area of pools, seeps, and well-developed “hanging terraces.” Most species
of the unique canyon flora can be found hece, including the only Lifium
philadeiphicum we could find in the Guadalupes. A few small Celasirus
scandens occur near the junction of Devil's Den with main North McKittrick
and a small trail into the area has become more evident during the past 2
ears, indicating increased usage.

Lower McKittrick, —Widely scattered plants of Yucca faxoniana occur on
stopes and small side canyons, and Sophora secundifiora also can be found
.in similar habitats. Unusual forms of Agave are scattered on alluvial terraces
and slopes along with Agave neomexicana and A. lecheguilla. Grindelia
haverdii grows along the streambed.

Fast Escarpment—General

Lower elevations are a mixture of desert and grassland species, with cor-
ridors of riparian woodland along the streambeds. There is a gradual transi-
tion to coniferous forest at the top. Protection from overgrazing
undoubtedly has favored growth of grasses and associated species. Asinthe
McKittrick drainage, limestone cliffs of the escarpment support a flora with
a high percentage of endemic species.

Special Considerations

Smith Spring supports small populations of Glyceria striata and Viola
missouriensis, typical of McKittrick Canyon. In addition, Smith Canyon
contains a pocket of forest where Heterotheca viscida, Asclepias tuberosa,
Streptanthus sparsifiorus, and Penstemon cardinalis subsp. regalis have
been collected. The area is easily visited by a relatively short walk.

Both Choza Spring and Upper Pine Spring have communities of stream-
side plants including Lobelia cardinalis. Manzanita Spring, though some-
what trampled along the edges, also has a few stream-side species and con-
tains the only Potamogeton found in the park. All three areas are of casy
access.

Yucca faxonigna is rare over most of the area; however, anaggregation of
about 30 plants is located on the ridgetop south of Smith Spring, and a
smaller group ocecurs on the north side of the mouth of Pine Spring Canyon.

-

-
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Upper Dog Canyon

Riparian woodland along the streambed and a more xeric vegetation of
sotol, grasses, and low shrubs on the slopes produce a diverse flora. Several
trees of the undescribed drooping form of Juniperus scopulorum are found
along the streambed about 300 m south of the ranger station. Lesquerella
valida has been collected from several slopes in this area.

Humphrey Canyon—PX Flat
This area contains the most extensive Pinyon-Juniper woodland in the

park. The only Sophora gypsophila found in the United States occur her
(Fig. ).
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Fig. 1. Heavy solid lines outline the distribution of Sophora gypsophila var. guada
fupensis in the Guadalupe Mountains National Park, Texas, as provided by Roge
Reisch and field-checked by the authors; light, solid lines indicate contour; dot-dash

lines represent intermittent streambeds; parallel dashed lines indicate a jeep road. I
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West Side—General

The West Side contains associations representative of most types of I
northern Chihuahuan Desert vegetation. Most of the bajada is covered by
Larrea tridentata or a desert grassland dominated by Bouteloua eriopoda.
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Coryphantha dasyacantha, Penstemon dasyphyllus, and Bouteloua
warnockii have been collected on the slopes of the west escarpment, and
most of the endemic limestone cliff plants have been recorded from the

l canyons.

Special Considerations

A small colony of Jatropha dioica occurs on the south slope of the south
Stagecoach Hill (0.8 km N, 3.5 km E Lewis Well).

Bone Spring is the only known location for Astragalus humistratus inthe
ark, and supports a few plants of Lobelia cardinalis and Forestiera
pubescens. A small group of Yucca faxoniana grows on the south rim of
Bone Canyon.

The lower elevations of the northwest corner of the park contain desert
grassland where Opuntia schottii was collected. Lower canyons in this area
have Sophora secundifiora along the streambeds.

Areas of wind-deposited sand contain species not found elsewhere in the
park, among them Penstemon ambiguus, Caesalpinia jamesii, Dalea
coparia, Oryzopsis hymenoides, Panicum ramisetum, and Sporobolus
giganteus. Gypsum outcrops and the few gypsum dunes included within the
park supporta flora with several species of restricted distribution, including
Senecio warnockii, Gaillardia multiceps, Dicranocarpus parviflorus,
Coryphantha scheeri, Nama carnosum, and Mentzelia humilis. The best
example of a gypsum outcrop association is located about [.2km 5, 5.5 km
W summit Bush Mountain. The largest gypsum dune seen within the park
is about 400 m southwest of Lewis Well; the most extensive gypsum dunes
are immediately west of the park.

PROPOSED MANAGEMENT FOR FLORISTIC PRESERVATION
Ideally, there should be no compromises in the preservation of rare or
endemic species. Unfortunately, limited resources and manpower neces-
sitate alternatives. Policymakers should bear in mind that biological com-
munities are not static, especially in the variable climate of the Trans-Pecos.
Continued monitoring of resources and a certain amount of managerial
flexibility permitting more stringent protection measures in dry years or
during peak visitation periods are essential to adequate floristic preserva-
jon. Managers are always faced with compromising recreational or
reservational usage, and the acceptable level of community degredation
appears to be largely a result of local policy. The staff of Guadalupe Moun-
tains National Park is to be commended for its close monitoring of the area
and its concern for preservation as reflected by management policies. To a
large extent, these policies appear to have been successful in minimizing
damage in critical areas, and many of our recommendations coincide with
current management practices.
A hierarchy of the relative status of locations and species requiring preser-
vational action follows. Criteria for ranking include: (1) degree of unique-

-r-
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ness (the number and kinds of species present); (2) size of the habitat; and (3)
vulnerability to human impact—including substrate stability and current
accessibility. We know of no objective function to integrate the above fac-
tors, and the order is based largely on our personal judgment. The status of
each area will require re-evaluation as new or improved roads and trails
change visitor use patterns.

Most Critical Areas
South McKittrick Canyon between Turtle Rock and The Narrows.

South fork of North McKittrick Canyon (including New Mexico seg
ment).

ol

Critical Areas
Remainder of South McKittrick drainage, inciuding higher areas between
Bush Mountain and The Bowl.
North McKittrick Canyon.
Devil's Den,
Forest and meadows on Blue Ridge.
The Bowl.
Smith Spring.
Sophora gypsophita in West Dog Canyon,

Require Periodic Monitoring for Possible Action

Limestone cliff associations at higher elevations throughout the park.

Jarropha dioica colony on south Stagecoach Hill.

Upper Pine Spring.

Choza Spring.

Drooping form of Juniperus scopulorum in Upper Dog Canyon.

Lesquerella valida in Upper Dog Canyon.

Yucca faxoniana (Lower McKittrick Canyon, ridgetop south of Smith
Spring, north side of mouth of Pine Spring Canyon, south rim of Bone
Canyon).

Populus tremuloides west of The Bowl.

Bone Spring.

Gypsum outcrop, 1.2 km §, 5.5 km W summit Bush Mountain.

Gypsum sand and beach nidges west of Lewis Well.

Quartz sandhills ("red sands”) west of Bush Mountain.

Qu =

Recommendations

The following management recommendations are arranged by area.
Within each area they are ordered from (A) most desirable (minimal
degradation from human impact) to (B) or (C) minimum required for
resource preservation. Unless contradictory, assume measures in (B) or (C)
are included in (A). The requirements and ecology of most unique species ar
largely unknown, and in some cases these alternatives are little more than
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educated guesses. For proper management there is no substitute for con-
tinued monitoring and informed revision of policy as necessary.

Entire Park

Grazing and Browsing.—(A) Monitor browsing and grazing impact con-
tinuously and take appropriate measures to prevent extensive degrada-
tion; to include thinning elk and deer populations. {B) Maintain fences to
‘prevent trespass grazing by stock.

Burning.—Policy should be based on the results of Dr. G. M. Ahlstrand’s
current research. Consideration should be given to protecting the
drooping Juniperus scopulorum in Dog Canyon, the Yucca faxoniana
aggregations, and Sophora gypsophila from intense fires.

Human traffic.—Specific recommendations are made for each area. In this
report, we recognize the following categories of access: Controlled
access—visitor entry monitored and if necessary limited; Limited access—
daily visitor quota to distribute impact; and Restricted access—no entry
except to interested investigators or small groups accompanied by a
ranger interpreter. To maintain the integrity of the range no vehicular
traffic should be allowed above 6000 ft elevation. The resulting increased
impact on higher parts of the watershed would result in an unacceptable
level of habitat degradation.

McKittrick Drainage

Lower Canyons.—{A) Permanent ranger stationed at Pratt Lodge; daily
patrols. {B) Low visitor quota; irregular patrolling. (C) Limited access;
day use only; moderate visitor quota; intensive patrolling.

South McKittrick, —{A) Restricted access to area northeast of The Bowl and
Guadalupe Trail and southwest of McKittrick Trail, canyons draining
Blue Ridge—Bush Mountain area. {B) Restricted access to canyon bot-
tom including The Narrows to south of Turtle Rock. Day use only for
remainder of areas in (A). Visitor quota for high elevation camps. No
overnight horse or muie use. Monitoring and periodic “resting” of
camping areas. No new trails.

North McKittrick.—(A) Restricted access to Devil's Den; south fork of
North McKittrick, including New Mexico segment. (B) Day use only.
Management authority and regular patrols of New Mexico segment of
south fork of North McKittrick. Restricted access 1o Devil’s Den.

East Escarpment

{A) Restricted access to Smith Canyon above Smith Spring. Boardwalk to
protect Smith Spring from soil compaction and channel visitor traffic.
Restricted access to Choza and Upper Pine springs. (B) Frequent patrol of
Smith Spring to prevent foot traffic beyond fence. Regular patrol of Upper
Pine and Choza springs to prevent camping. No camping areas near springs
or smaller canyons,
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Dog Canyon

(A) and (B) Limit number and location of campers to aid recovery of
meadows. No vehicular traffic beyond ranger station.

Humphrey Canyon—PX Flat
(A) and (B) Limited access. Day use only in vicinity of Sophora
gypsophila.

West Side

(A) Route improved roads away from Jatropha dioica colony, gypsum
dunes, and quartz sandhills. Boardwalk at Bone Spring to prevent trampling
of Astragalus and Lobelia. (B) No vehicular traffic off existiag roads. Regu-
lar patrol and maintenance of fences to prevent trespass grazing. Limited
access to Bone Spring.

SUMMARY

The thrust of this report is the enumeration of all known plant taxa con-
sidered unique within the park boundaries and management recommenda-
tions designed to insure preservation of the communities. Although addi-
tions, corrections, and revisions are anticipated with continuing field and
laboratory work, the distribution, ecology, and significance of each of these
taxa are as thorough and complete as presently possible,

The management recommendations are based on our understanding of
the plant communities in the park and are made in light of our observations
of present visitor frequency and environmental variation. It must be
reiterated that successful preservation of the park’s unusual biota depends
on continued monitoring and flexibility in management design. Unexpected
environmental fluctuations and/or vastly escalated public interest in the
park couid well render these recommendations inadequate, especially in cer-
tain regions of the park. Continued survey and transect activity will resultin
our expected changes in the unique plant list found in this report.

‘--

APPENDIX |
Two codes are used in the appendix to permit more rapid assessment, Relative degree of
uniqueness 15 given by Roman numerals as follows:
1. Endemic to a relatively limited area in and/or around the Guadalupe Mountains;
11. Widespread in other states, but known in Texas from very few localities, usually
known only from the Guadalupes;
11 Of distributional interest; includes species with relatively small ranges and those near
the limits of their known occurrence in the park;
IV, Rare within the park, but may be common eisewhere in Texas;
V. Not seen by the authors, but previously recorded from the park,
The Arabic numerals give areas within the park in which the species has been found. The fol-
lowing zones have been defined primarily by watershed and clevation (Fig. 2).
i. Lower McKittrick Canyon below Pratt Lodge:
2. Scuth MeKittrick drainage below 7000 ft and including peak west of Turtle Rock;
3. North McKittrick drainage inciuding the New Mexico segment of the south fork of
North McKittrick;
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South McKittrick drainage above 7000 1t excluding The Bowl:

The Bowl drainage above the carth tank:

Pine Spring Canyon drainage including Guadalupe Peak and El Capitan above 8000 1t
and the wash southwest of Houser House:;

7. The East Escarpment except MceKittrick drainage:

8. Upper Dog Canyon drainage;

9. Humphrey Canvon drainage and PX Flat,

0. Salt Basin drainage.

o

(hmissions from Appendix 1

Several taxa are not included in this list because of a present lack of information, There are at
least two species of Philadelphus in the park, including the endemic P. hitchcockianus; how-
ever, more study is needed to clarify distribution in the park. Four species of Spmphoricarpos
are recorded from the park. 5. guadalupensis is endemic, but we have not yet obizined the
flowering material critical for identification. Our understanding of sedges at this time is insuf-
ficient to properly analyze our collections for Carex eburnea. a species found in the north-
eastern United States, known in Texas only from the Guadalupe Mountains. Similarly, other
notable species have not been reported here, but more information will be provided to the park
sexvice as it becomes available.
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Fig. 2. Distributional zones of plants in the Guadalupe Mountains National Park as
referred to in Appendix L
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Name

Amelanchier utahensis Kochne
Scattered, high, forested slopes and riparian woodland.
Andropogon hallii Hackel
Appears restricted to gypsum dunes, Found immediately
west of park boundary, probably rare in zone 10.
Anthericum torreyi Baker
Scarce; open slopes above 6000 ft.
Aquilegia chaplinei Stand|,
Common, wet limesione crevices and gravel altuvium.
Known only from Guadalupe Mountains,
Asclepias tuberosa L.
Scattered in North and Seuth McKittrick, Smith Canyon,
and Pine Spring Canyon. Usually in sunlit pockets of
soil on limestone ledges. Disjunet population of
primarily eastern species.
Aster hesperius Gray
Scaticred among Cladium jarmaicense along streams in
McKittrick; scarce in meadows in The Bowl.
Arbutus xalapensis H.B.K.
Common in lower canyons throughout the park.
A Mexican species near its northern limit. Does not
appear to be reproducing well.
Astragalus albulus Woot. & Standl.
Abundant at Bone Spring, not seen elsewhere.
Only known occurrence in Texas.
Astragalus pictifermis Barneby
Scattered on open slopes and meadows in Humphrey Canyon.
A desert grassland species of southern New Mexico and
northern Trans-Pecos Texas.
Berberis repens Lindl.
Widespread in forested areas.
Bouteloua warnockii Gould & Kapadia
Common on dry limestone slopes. Considered rare over
most of range (southern New Mexico to Coahuila),
Caesalpinia jamesii (T. & G.) Fisher
Uncommon; only on quartz sandhills.
Campanula rotundifolia 1.
Scattered on slopes and mesic limestone ledges.
Castilleja larebracteata Penn.
Widespread but scarce at higher elevations. Generally
on woedland slopes.
Celastrus scandens L.
Smali colony on slope and dry streambed of Devil's Den
(0.5 km N, L1 km W Pratt Lodge); also a few plants near
mouth of Devil's Den and south fork of North McKittrick,
and South McKittrick.
Centaurea americana Nutt,
Only seen on meadow north of Upper Dog Canyon Ranger
Station,
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Name

Cevallia sinuaia Lag.
Uncemmon; limestone cliffs and dry washes in lower
northwest corner of park.

Chaetopappa hersheyi Blake
Scatiered populations in crevices of limestone cliffs.
Usually above 6000 ft but extending lower in North and
South McKittrick.

Cholsya dumosa {Torr.) Gray o
Common in lower canyons throughout park. Considered
infrequent over most of Trans-Pecos (Correll and
Johnston 1970).

Chrysothammus nauseosus subsp. bigelovii (Gary} Hall &
Clem.
Scattered on limestone ledges.

Chrysothamnus pulchellus (Gray) Greene
Previously collected in Smith Canyon (B. L. Turner 112,
Sul Ross Herbarium). Uncommmeon on quartz sandhills on
west side. Analysis incomplete.

Chrysothamnus spathulatus L. C. Anderson
Open slopes. Analysis incomplete.

Corallorhiza striata Lindl.
Scarce; humus in forested canyon bottom approximately
29 km N, 1.5 km E summit of Hunter Peak.

Careopsis lanceolata L.
ldentification tentative. A species of the eastern
United States previously unreported from west Texas.
Single specimen callected by B. H. Warnock (22804} in
South McKittrick, labeled “infrequent.” Collected in
North McKittrick.

Coryphantha dasyacantha (Engelm.) Orcutt.
Limestone ledges. Difficult to distinguish from more
widespread C. strobiliformis. Specimens keying to this
taxon collected on Blue Ridge and southwest of Cutoff
Mountain. Probably occurs over most of west escarpment.
Termed “endemic” in Correll and Johnston (1970).

Coryphantha macromeris (Engelm.) Britt. & Rose

Apparently uncommon. Open bajada and arroyos below 4500 ft.

Coryphantha scheeri (O.Kize.) L. Benson
Very scarce. Gypseous soil near Lewis Well.

Cystopteris buibifera (L.) Bernh,
Previously collected at “. . . upper part of canyon near
pools and rope swing” in 1964 (D. S, Correll 29803,
SMU, UT Austin Herbaria). Material from The Narrows
(approximately 2.6 km 5, 2.0 kin W Pratt Lodge) has been
tentatively identified to this species. Locally common
in shaded limestone crevices.

Cystopreris fragilis (L..) Bernh.
Drescribed as “local and rare” (Correll and Johnston
1970). Uncommon, usually in shaded moist limestone
crevices.
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Name

Dalea frutescens Gray
Apparently uncommon in park. Previously collected in
Lower McKittrick (B. H, Warnock 9445, Sul Ross
Herbarium}. Locally oceasional on slopes at Upper Pine
Spring and in South McKittrick.

Dalea scoparia Gray
Scattered on open areas of quartz and gypsum sand,

More comman on gypsum dunes immediately west of park,

Probably at the eastern limits of its range here,
Delphinium virescens Nutt,
Previcusly collected a short distance east of the park,
and to be expected in zone 7. A plains specics prebably
near its western limit in Texas,
Dicranacarpus parvifliorus Gray
Restricted to gypseous soils. Can become abundant in
years with good summer rains, Most common in Lewis
Well-Holmsley’s Dugout area near west boundary,
Epipactis gigantea Hook,
Previousty collected in South McKittrick (B. H. Warnock
22811, 1968, Sul Ross Herbarium), labeled “infrequent.”
Seen by us at limestone seeps in New Mexico segment of
south fork of North McKittrick, South McKiturick,
and Lower McKittrick.
Epithelantha micromeris (Engelm.) Weber
Widespread in park, limestone ledges up to 7500 ft.
Common in pants of North McKittrick. Reported to be
heavily collected for sale in some parts of the state.
Equisetum kansanum J. H. Schaffn,
Common along stream in parts of South McKittrick and
at Bone Spring.
Forestiera pubescens Nutt.
Previously referred to as F. neomexicana; Correll and
Johnston (1970} consider Texas material to be a complex
of intergrades between both taxa, and a more careful
analysis is needed. Scattered and infrequent, often
along streambeds, On west side a small colony occurs
at Bone Spring.
Fragaria bracteata Heller
Generally uncommon; forested slopes and canyons above
7500 ft.
Gaitlardia multiceps Greene
Considered rare in Texas (Correli and Johnston 1970),
Restricted to sandy gypsum soil on dunes and beach ridges
along west boundary near Lewis Well. Occasional to
UNCOMMOon.
Glyceria striate (Lam.) Hitche.
Uncommeon. Scattered locations along streams in South
McKittrick and Devil's Den, Small colony at Smith
Spring. Rare in Texas.
Grindelia havardii Steyerm.
Uncommon: open sites near streambeds. Type locality
... dry gravelly wash near mouth of McKittrick Canyon”
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Name - Category Zones

(J. A. Moore, 1. A. Steyermark 283, 1931, UT Austin
Herbarium}. Limited distribution including Chisos
Mountains; Crockett County, Texas; and New Mexico.

Hackelia grisea (Woot. & Standl) §. M. JohnsL 1111V 3
Apparently scarce; dry streamnbed in Devil's Den.

Analysis of material incomplete, probably aiso in zones
2 and 4. Occurs in mountains of Texas and New Mexico.

Hedeoma apiculatum W. 8. Stewart I 2,36
Generally scarce, small colonies or isolated individuals
in crevices of lunestone cliffs. Bottom and slopes of
South McKittrick, Devil's Den, south fork of North
McKittrick, Hunter Peak, and higher parts of Pine
Spring Canyon. Endemic to Guadalupe Mountains.

Heterotheca viscida (Gray) Harms v 7
Considered rate in Texas (Correll and Johaston 1970).

Previously collected in Smith and Bear canyons {B. H.
Warnock and M. C. Johnston 16583, Sul Ross Herbarium;
B, L, Turner 1253, C. L. Lundell 14390, SMU). Analysis
of our material incomplete.

Hymenopappus biennis B. L. Turner \4 2.4,
Previously collected in South McKittrick, The Bowl, 5,6
and Pine Spring Canyon (L. C. Hinckley 4472, B. H.

Warnock 10997, M. C. Johnston 3168, Sul Ross; D. S.
Correll 13920, C. H. Muller 8287 SMU; M. 5. Young s.n,,
UT Austin). Analysis of our material incomplete.

In Texas known only from Guadalupe Mountains.

Hymenopappus flavescens Gray v 10
Apparently rare in park. Collected just outside of west
boundary on quartz sandhills, Previously collected near
east boundary, and to be expected in zone 7.

Hymenoxys richardsonii (Hook) Cockll. 11 4,5,6
Common in open areas throughout high parts of park.

Southern limit of range.

Ipomoea lindheimeri Gray m 1,3,7
Widespread but scarce. Usually twining among low trees
and shrubs. Endemic to west Texas,

Ipomopsis arizonica (Greene) Wherry HI1v 45
Scarce; meadows and open slopes above 6200 ft. May be 6,8
more abundant after favorable rainfall distribution.

Jarropha dicica Cerv. L1V 10

Restricted to small colony on south slope of south
Stagecoach Hill (0.8 km N, 3.5 km E Lewis Well). A
species characteristic of the southern Chihuahuan-Desert
occurring here as the most northerly known disjunct.
Juniperus scopulorum Sarg. (undescribed drooping form) (In,1m (N2
This species is scattered in mesic sites throughout higher
parts of the park. Several individuals with a distinct
drooping habit grow along streambed about 0.3 km $ Upper
Dog Ranger Station, and single individual observed at
Upper Pine Spring. As a species, it is near southern
limit of range here.
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Name Category

Lactuca graminifolia Michx. 11
Scarce, usually on open gravel alluvium. In summer 1974
best growth observed in South McKittrick about 2.8 km S,
E7 km W Praut Lodge.
Lesquerella valida Greene . 1
Apparently uncommon, but easily overlooked. Usually on
open slopes. A poorly known species oceurring in southern
New Mexico, Guadalupe Mountains, and Sierra Diablo
(Texas).
Litium phitadelphicum L. 11
Only observed in mats of vegetation on limestone seeps,
south fork of North McKittrick (New Mexico segment) and
South MeKittrick. Previously collected from South
McKittrick (B, H. Warnock 22801, Sul Ross), labeled
“rare.”
Lithospermum multifiorum Gray 111
Widespread but often infrequent. Canyon bottoms; open
slopes at higher elevations. In Texas known only from
forested mauntains in the Trans-Pecos.
Lithospermum parksii 1. M. Johnst. 1I-11L,IV
Generally scarce. Open or partially wooded slopes. May
be confused with L. multifforum. Specics of limestone
soils in West Texas. The varicty rugulosum 1. M.
Johnst, is known from four localities; we have collected
it near the top of Bear Canyon.
Lithospermum viride Greene 1)
Widespread and commen. Usually in mesic, partially
shaded sites. Probably also occurs in zones 2,4,5.8.
Known from limestone soils in mountains of west Texas:
ranges from New Mexico to Nuevo Leon.
Lobelia cardinalis L. 111
Common on sunny margins of permanent sireams. On the
east slope occurs at Smith, Choza, and Upper Pine springs.
On west side seen only at Bone Spring. The varieties
pyeudosplendens McVaugh and mudtiflora (Paxt.)
McVaugh appear to intergrade in the park, and in Texas
both are known only from the Trans-Pecos.
Lonicera arizonica Rehd. 11
Collected on forested limestone ledges about 0.5 km E
summit of Guadalupe Peak and from South McKittrick.
Analysis incomplete. Not known elsewhere in Texas.
Machaeranthera blephariphyila (Gray) Shinners i
Common, open or partially wooded limestone slopes
between 5000 and 7500 ft. In Texas known only from
limestone mountains in the Trans-Pecos.
Mammitlaria lasiacantha Engelm, 11
Apparently uncommon, but easily overlooked. Limestone
ledges and alluvial fans below 6000 It, A species ocurring
on limestone in the northeastern Chihuahuan Desert.
Mentzelia humilis (Urban & Gilg.) Darl. m
Scattered; restricted to gypsum soils and outcrops.
Known only from gypsum in west Texas and New Mexico.

Zones

23

1,2,
4.8

2.3

2,3.4,
6,7

>

1,2,
6,7

3,67

2,3,
7.10

4,6




STATUS OF PLANTS 73

Name Category  Zones

Monotropa latisquarma (Rydb.) Hult. i1 4,57
Generally uncommon, coniferous forest. in Texas known
only from forested mouatains of Trans-Pecos.

Nama carnosum (Woot} C. L. Hitche, 11 10
Within park collected on gypsum outcrop 1.3 km §, 5.5 km
W summit of Bush Mountain. Also seen immediately west
of park boundary, A species restricted to gypsum soils
of the northeastern Chihuahuan Desert.

Nama xylopodum (Woot. & Standl.} C. L. Hitche. 1,2,3.4,
Widespread, himestone ¢liffs generally above 6000 ft. 5,6,7,10
Endemic to limestone mountains of Trans-Pecos.

Oenothera caespitosa Nutt. 11 4.5
Scarce, collected on limestone ledges on west side of
Bush Mountain summit. Previously collected in similar
habitat on Pine Top (B. H. Warnock and B. L. Turner
181, Sul Ross). Probably at southern limit of its range
here.

Opuntia schouii Engelm. v 10
Found only in the lowsr northwest corner of the park,
where it is locally common on alluvial fans.

Orvzopsis hvmenovides (R, & 5.) Ricker il 10
Infrequent, quartz and gypsum sand on the west side.

Caonsidered rare in Texas (Correll and Johnston 1970)
which is eastern Jimit of range.

Ostrya knowiionli Cov. 11 2,34,
Common in riparian woodland above 5000 ft, extending 6,7
lower in McKittrick. Only known occurrence in Texas.

Panicum ramisetum Scribn, v 10
Uncommon on guartz sandhills, Probably near the western
limit of its range here.

Penstemon ambiguus Torr, Iy 10
Scarce on quartz sand. Characteristic of sandhills to the
east of the park.

Penstemon brevibarbatus Crosswhite LV 2,18
Scarce; open grassy slopes, Collected in Pitchfork
Canyon and north of Frijole. Previously found in South
McKittrick (B. H. Warnock and M. C. Johnston 16523,
Sul Ross). Endemic to western Edwards Platean and
Trans-Pecos.

Penstemon cardinalis Woot. & Standl. subsp. regalis I 2,347
(A. Nels.) Nisbet & Jackson

Generally uncommon; most abundant on limestone ledges

and gravel allavium in South McKittrick. Less frequent

on limestone ledges in higher parts of Bear and Smith

canyons. The subspecies regalis (A, Nels.} Nisbet &

Yackson is considered endemic 1o the Guadalupe Mountains.

Penstemon dasyphyilus Gray LI 0]
Scattered on rocky slopes above 5500 ft W. of Guadalupe Peak.
Previously thought to occur in Texas only in southern
Trans-Pecos.
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Name Category

Penstemon fendleri T. & G, v
Apparently scarce in park. Alluvial terraces in Lower
McKittrick. Previously collected “1 mile west of
Pine Spring along highway” (B. H. Warnock and M. C.
Johnston 16302, Sul Ross).
Perityle quingueflora (Steyerm.) Shinners 1
Scattered populations on limestone cliffs; reaches
greatest density in canyon bottoms between 5000 and
7500 ft. Endemic to limestone areas of Trans-Pecas
and adjacent New Mexico.
Peteriq scoparia Gray VIVT
Previously collected in lower Pine Canyon (B. H. Warnack
20837, Sul Ross), labeled “rare." Only two plants seen
by us on the 9K Ranch about 20 mi. E of the park. Not
seen in the park to date.
Phanerophlebia auriculatg Underw. nLv
Only collected at The Narrows {about 2.6 km S, 2.0 km W
Pratt Lodge) where it is uncommon in limestone crevices.
Considered rare in the Trans-Pecos (Correll and
Johnston 1970).
Physocarpus monogynus (Torr.) Coult. Il
Generally scarce; seeps in South McKittrick and mesic
slopes and canyaons at higher elevations. Sole locality
for Texas.
FPinaropappus parvus Blake 1
Scattered populations an limestone cliffs throughout
higher elevations and extending lower along canyon
bottoms. Endemic to northern Trans-Pecos and adjacent
New Mexico.
Polygala rimulicola Steyerm. 1
Scattered populations on limestone cliffs; generally
above 6000 ft but occurs lower in McKittrick. Comman
in some areas. Endemic to Guadalupe Mountains and
Sierra Diablo.
Populus tremuloides Michx. I,y
Small population at streambed junction about 2.5 km E of
summit of Bush Mountain, consists of scattered trees in
riparian forest of Pinus strobiformis, Pseudotsuga
menziesii, Acer grandidentatum, and Osirya knowltonii.
Does not appear to be reproducing well, and probably will
die out unless there is a local burn followed by protection
from browsing. Another group reported for the park by C.
Peterson {1973) about 4 km §, 15 km W Pratt Lodge. Not
yet seen by us.
FProsopis pubescens Benth, v
In the park known from three small trees on embankment
of abandoned highway in Guadalupe Canyon, about 2.9 km S,
2.5 km E summit of Guadalupe Peak. Probably introduced.
Rhamnus smithii Greene (Iv'h,v
Previously collected “near West bowl” (B. H. Warnock,
22844, Sul Ross), labeled “infrequent.” Not seen by us.
Rhus roxicodendron L. v
Apparently scarce. Mesic sites in canyon bottoms.
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Name

Robinit neomexicana Gray
Generally scarce; mesic, forested slopes and canyon
bottoms, usually above 7000 ft. In Texas known only from
Guadalupe and Franklin mountains (Correll and Johnston
1970).

Rosa steflata Woot.
Widespread; often locally common. Open slopes above
7000 ft, and on limestone ledges in North McKittrick and
Devil's Den. Bath the variety stelfata and the variety
eariansonige W. H. Lewis have been collected within
the park. More analysis is needed.

Rosa woodsii Lindl.
Scarce; collected among boulders near Turtle Rock and in
forested canyon bottom northeast of The Bowl.

Salvia farinaceqa Benth,
Occasional; mostly in open meadows and dry, gravelly
streambeds. Probably near western limit of its range here,

Salvia summa A. Nels.
Generally scarce; more mesic sites on limestone cliffs;
usually above 6500 ft. On west side found in a narrow

canyon about 0.5 km N, 0.9 km W summit of Bush Mountain.

Also collected in Bear and Smith canyons.

Selinocarpus lanceolatus Woot.

Uncommon; restricted to gypsum soils. Limited distribution
in Trans-Pecos Texas and Mew Mexico.

Senecio neomexicanus CGray
Generally scarce; mgsic slopes and limestone ledges. Only
known accurrence in Texas. May intergrade with another
species in the park. Currently being studied by a specialist.

Senecio warnockii Shinners
Scarce within park; restricted to gypsum. Only collected
on gypsum outerop about 1.2 km §, 5.5 km W summit of
Bush Mountain; also seen near gypsum dunes just west of
park boundary. Known only from Culberson and Hudspeth
counties, Texas, and adjacent New Mexico.

Sisyrhinchium demissum Greene
Uncommon: streamsides in South McKittrick. Previously
collected at Smith Spring (B. H. Warnock 5403, Sul Ross).
Sole oecurrence in Texas. May be confused with &,
ensigerum Bickn. which is more abundant in park.

Smilacina racemosa (1..) Des{.

Scarce; mesic forests. Previously collected in South
McKittrick and The Bowl. Found by us in small canyon
2.8 km N, 1.3 km E summit of Hunter Peak. In Texas ‘
known only from forested mountains of the Trans-Pecos.

Solanum leptosepalum Correll
Uncommon, mesic canyon bottoms and slopes above 6500 ft.
Probably near northern limit of range.

Sophora gypsophila var. guadalupensis Turner & Pawell
Common over a limited area south of Coyote Peak and in
adjacent New Mexico. Otherwise known only from a small
population on gypsum outcrop 20 mi. southwest of Coyame,
Chihuahua, Mexico, and referred to there as var.
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Name

grpsophifa. Currently being studied intensively to
determine relationship between populations.
Sophora secundiflora (Ort.) DC.
Scattered over south-facing slope of Lower McKittrick, and
in lower portions of canyons in the low-northwestern corner
of park, Probably near the northern and western limit of
range here.
Stephanomeria wrightii Gray
Uncommon; usually on gravel alluvium in streambeds.
Considered infrequent in the Trans-Pecos (Correll and
Johaston 1970).
Streptanthus sparsifiorus Roll.
Scarce; gravel alluvium and limestone ledges in canyon
bottoms. In summier 1974, largest population seen in
Devil’s Den about 0.4 km N, 1.2 km W Pratt Lodge. Very
scarce in upper Smith Canyon. Previously collected near
summit of Pine Top (G. L. Webster 4595, Sul Ross).
Endemic 10 Guadalupe Mountains. Two other species (S.
platycarpus Gray and §. carinarus Wright) have been
reported from park, and may be confused. Abundance
highly variable; dependent on seasonal rainfall,
Swertia radiata (Kell.) O. Ktze.
Scattered throughout high elevations; best growth observed
in mesic canyon bottoms. In Texas known only from
Guadalupe Mountains.
Valeriana arizonica Gray
Scattered populations on limestone outcrops in mesic
CAnYOnS.
Valeriana texana Steverm.
Widespread but penerally uncommon; mare mesic crevices
in limestone ¢lifis and ledges above 6000 ft. Endemic to
Guadalupe Mountains.
Viguiera mudtiflora (Nutt.) Blake
Single specimen collected on ridgetop about 2.3 km S,
0.6 km E summit of Lost Peak, Identification tentative,
but if confirmed. represents first record from Texas.
Viola missouriensis Greene
Uncommon; greatest density observed on limestone ledges
of South McKittrick below The Narrows. Scarce in crevices
of boulders at Smith Spring. Occurs here as a marginal
disjunct population.
Yucea fuxoniana Sarg,
Scarce; limestone ledges and alluvial Fans between 5000
and 6700 fi. Greatest density observed on ridge south of
Smith Spring. Small colonies an north side of mouth of

Pine Spring Canyon and south rim of Bone Canyon. Probably

near northern limit of range here. Large individuals in
Lower McKittrick referred to ¥, carrerosana (Trel.)
McKelvey in Correll and Johnston 1970.

Zigadenus elegans Pursh.
Uncommon; in mats of vegetation at seeps. Sole known
occurrence in Texas.
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Agave—Complex of the Guadalupe

B Mountains National Park; Putative
Hybridization Between Members of
Different Subgenera

TONY L. BURGESS, Texas Tech University, Lubbock

When I began surveying the flora of Guadalupe Mountains National
Park, my observations of the diversity of Agave in McKittrick Canyon
prompted me to investigate the variation within this group. Two distinct
taxa appeared to be present along with a third group which appeared
morphologically intermediate. I naturally formed the hypothesis that the
third group was of hybrid origin.

Field collections began in early summer of 1973 and are continuing
through the present. Due to the paucity of material found in 1974 caused by
drought early in the year, I have limited the analysis presented here to the
first year’s collection which is comprised of flowers and leaves of 46 plants
from Guadalupe Mountains National Park, Texas.

TAXONOMY

Specimens collected during the first year were identified with the key pre-
pared by Dr. Howard Scott Gentry for the Manual of the Vascular Plants of
Texas (Correll and Johnston 1970). According to the key, five species were
collected within the park—Agave lecheguilla, A. chisosensis, A. gracilipes,
A. neomexicana, and A. parryi.

Agave lecheguilla, in the subgenus Littaca, is easily recognized by its
smaller size and spike-like inflorescence (Fig. 1). 1t is often a dominant on
xeric rocky slopes below 5500 ft elevation throughout the park. Asa species,
it occurs from arid north-central portions of Mexico north through New
Mexico, and is often considered a characteristic plant of the Chihuahuan
Desert. Particularly robust specimens, including a form with yellow flowers,
can be found in Lower McKittrick Canyon.

Populations of a larger Agave in the subgenus Euagave, section
Parrayanae occur prirnarily on open sites from about 5500 ft elevation to the
highest parts of the range above 8000 ft. Plants which key to A. parryion the

79
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Fig. 1. Agave lecheguilla in Lower McKittrick Canyon, Guadalupe
Mountains.

basis of their relatively larger leaves were found in open woodland on the
slopes of McKittrick Canyon; however, most plants collected from higher
parts of the park were identified as A. neomexicana. A. parryi was de-
scribed by Englemann (1875) who considered it to range from northern Ari-
zona through western New Mexico, “. . . and perhaps eastward to the
mountains below El Paso.” A.neomexicana was described from the Organ
Mountains in south-central New Mexico by Wooten and Standley (1913).
Dr. Gentry has provided much needed help in the classification of this
complex. After his trip to the Guadalupes in 1974, Dr. Gentry kindly wrote
to explain that, based on his observations, A. parryi does not occur east of
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Fig. 2. Agave neomexicana in Lower McKittrick Canyon, Guadalupe
Mountains.

the Rio Grande. However, he has pointed out that the type of A. havardiana,
another species in the section Parrayanae, was cited by Trelease (1911) as
“Guadaloupe Mountains” from a collection by Harvard in 1881. Although |
have seen no plants large enough to fit with this species inside the park, Dr.
Gentry has found a single A. havardiana on the bajada east of the Guada-
lupe Mountains, and its presence in the park is possible. Based on these con-
siderations, the larger form of Agave in the Guadalupe Mountains (Fig. 2)
will be called A. neomexicana throughout this report. Caution is advisable in
applying this name indiscriminately, for A. gracilipes is also present in the
park, and is indistinguishable from A. neomexicana on the basis of leaves
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alone. Dr. Gentry has advised me that the major differences between the two
taxa are relative length of the floral tube (1/3 as long as tepals in A.
gracilipes, 1/2 t02/3 as long in A. neomexicana), and season of bloom (early
summer for A. neomexicana, autumn for A. gracilipes). In 1973, the
McKittrick Canyon plants bloomed in June and July, whereas in higher
parts of the range flowering continued through August. Most later-
blooming plants could still be included with A. neomexicana on the basis of
floral tube length; however, several plants collected in late August from the
area north of Lost Peak had floral tubes short enough to be called A.
gracilipes, even though with respect to all other characters examined they
were closer to A. neomexicana.

Fig. 3. Putative hybrid Agave (A. gracilipes) in Lower McKittrick Canyon,
Guadalupe Mountains,
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Some confusion may exist in delimiting A. gracilipes and A. chisosensis.
The former species was described from Sierra Blanca in Hudspeth County,
‘Texas (Trelease 1911), and the latter was first collected in the Chisos Moun-
tains of Brewster County, Texas (Muller 1939). Gentry, in Correll and
Johnston (1970), differentiates between the two taxa on the basis of panicle
structure. In 4. gracilipesitis®. . . usually narrow and closely branched with
20 to 30 lateral branches in upper half to third of shaft . . . ,” whereas in A.
chisosensis the panicle is described as “. . . racemose, 5-6 m. tall; flowers
short-pedicillate, borne in compact clusters of 10to 12. . . .” C. H. Muller’s
original description (1939) of A. chisosensis reads as follows: “Panicle very
strict and spike-like, its branches 4-5 ¢cm. long, densely flowered. . . .” Floral
characters as described for both species are generally similar; however, there
are differences in dimensions. 4. chisesensis is larger with respect to all
dimensions given except the length of the ovary. The only other difference of
note appears to be the ratio of tepal width to tepal length, being 1:3 to 1:5in
A. gracilipes, and about 1:3 in A. chisosensis. There appear to be two main
differences in leaf morphology between the species as described. In A.
chisosensis the leaves are over 50 cm long, and the corneous margin is con-
tinuous from the base to the terminal spine. Leaves of A. gracilipes-are under

TABLE 1. Mean and standard deviation of variables measured for each Agave taxon,

Variable A. lecheguilla A. neomexicana  A. “gracilipes”
Inflorescence
Total height (dm) 282 7.5 349,58 37.4, 5.7
Mid-panicle branch
length (cm) 30,15 278,94 10.6, 8.1
Number of panicle branches 72,24.2 14, 4.2 39,225
Leaf
Length (cm) 28.4, 6.8 26.5, 6.2 321,64
Maximum width (em) 32,07 8.6, 1.2 6.2, 1.3
Maximum marginal tooth (mm) 5.4, 1.5 5.0, 1.1 53,20
Marginal tooth at widest
part of blade (mm) 37,17 1.7, 1.1 29,19
Corneous margin
length (mm) 254, 66 72,22 164, 95
Terminal spine length (mm) 259,3.2 34,2, 9.4 294,92
Flewers (all in mm)
Ovary body 14.2, 2.1 262, 53 19.1, 3.6
Ovary neck 46, 1.1 52,15 56,20
Tube length 35 L0 127,24 7.0, 1.8
Filament insertion 32, 1.1 8.9, 20 5.1, 1.1
Maximum tepal lengih 14.9, 2.0 158, 1.9 16.1, 2.0
Minimum tepal length 13.6, 2.0 137, 1.7 143, 1.9
Quter tepal width 4.0, 0.7 5.7, 1.0 49,07
Filament length 34.7, 6.0 42.1, 7.1 38.5, 6.7
Anther length ' 4.1, 1.9 19.6, 2.5 169, 2.1
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30 em in length, and the terminal spine is decurrent at most to about the mid-
dle of the blade.

The putative hybrid form (Fig. 3) appears close to the above two species,
Plants were found blooming from J uly through October, and several
panicles were killed by frost prior to capsule maturation. The greatest con-
centration of this taxon was observed in McKittrick Canyon on alluvial ter-
races and open slopes mostly between 5000 and 6000 ft elevation. Other
plants which could be included in this group were seen on the bajada east of
the park, on a small hill southwest of El Capitan, and at Juniper Wellin Lin-
coln National Forest north of the park. Mean leaf length of the putative
hybrid specimens was 32 cm, closer to A. gracilipes; furthermore, the mean
length of the corneous margin from the terminal spine was half the mean
total leaf length, another A. gracilipes character. All mean floral dimen-
sions were close to those described for A. gracilipes, but the tepal
width:length ratio was an inconclusive 1:3. Panicle structure was variable as
to number and length of branches (Table 1}, but the mean branch length was
longer than that described for A. chisosensis. Based on this analysis, I have
concluded that the putative hybrid can probably be grouped with A. gra-
cilipes if a name must be given.

METHODS AND RESULTS

Several approaches are desirable for investigating patterns of variation
because each different avenue increases the perspective. The most obvious,
and probably most important, is the analysis of morphology. Other possi-
bilities for clarifying relationships include data on phytochemistry,
karyotypes, and ecological parameters. At this time only morphology has
been studied enough to warrant presentation, although data are being
gathered on all the above aspects for later summarization.

Measurements of the following characters were taken from two leaves per
plant: total length, maximum width, number of marginal teeth on each side,
maximum marginal tooth length, length of marginal teeth on each side of the
widest part of the leaf, length of corneous margin decurrent from the base of
the terminal spine, and length of terminal spine. The floral measurements
used by Dr. Gentry (1972) were adopted for this study. Ten flowers per plant,
when available, were evaulated with respect to the following variables:
length of ovary body, length of ovary neck, length of floral tube, length from
bottom of the floral tube to point of filament insertion, maximum tepal
length, minimum tepal length, width of outer tepal, filament length, and
anther length.

Leaf and flower data were analyzed separately by computer. Overall sta-
tistics, analysis of variance, and a principal components analysis were done
using the program SIMPLE developed by Dr. Charles Gaskins at Texas
Tech University. A discriminant analysis was done with the program BMD
07M, part of a package of biomedical computer programs from the Univer-
sity of California (Dixon 1971). Statistical analysis by computer generally
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confirmed the conclusion intuitively reached in the field; that the putative
hybrid form bridged a morphological gap between A. neomexicana and A.
lecheguilla. Principal components analysis of overall variation showed no
clear trends in the relative contributions of the variables. An analysis of vari-
ance indicated that the variation of floral dimensions within a plant was
much less than between plants, as expected. Two strategies were used in the
BMD 07M stepwise discriminant analysis. In one strategy a classification
scheme was derived to distinguish between A. lecheguilla and A. neomexi-
cana specimens, then data from the putative hybrid were classified by the
same scheme. The other strategy considered each group a separate entity,
and a scheme was derived to discriminate among all three groups.

Discriminant analysis of leaf data showed that width, total length, and
length of corneous margin were the best characters to distinguish among the
three groups. Group means for all variables are presented in Table 1. When
treated as a separate group, the putative hybrid was in an intermediate posi-
tion morphologically and appeared to be contiguous or overlap slightly with
A. neomexicana and A. lecheguilla. In the two-group strategy, the putative
hybrid was somewhat closer to A. lecheguilla.

Fig. 4. Scanning electron micrograph of cuticle surface from Agave neomexicana,
500 *.
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Fig. 5. Scanning electron micrograph of cuticle surface from Agave lecheguilla,
500,

Based on data from floral characters, discriminant analysis using the
three-group strategy again showed the putative hybrid in an intermediate
position, somewhat closer to A. lecheguilla but merging into the other two
species. Results from the two-group strategy had the same pattern.
Characters which could best distinguish among the three groups were, in
order of decreasing importance, floral tube length, length from bottom of
tube to filament insertion, and width of outer tepal.

Flavonoid analysis of leaf extracts was done by two-dimensional paper
chromatography as described by Mabry et al. (1970). Initial results were
promising, but the pattern of variation rapidly became confusing. Experi-
mentation has indicated differences in flavonoid patterns between flower-
ing and immature rosettes of the same clone. In addition, changes in com-
pound patterns resulting from slow drying of intact leaves seem probable.
Investigation of seasonal variation in flavonoid pattern is currently under-
way. Thus much work remains before an analysis of flavonoids in Agave can
be interpreted properly.

Blunden and Jewers (1973) have proposed that cuticle and stomate
anatomy could be used to differentiate species of Agave. Comparison of
photographs taken by scanning electron microscope (Figs. 4-6) shows dis-
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Fig. 6. Scanning electron micrograph of cuticle surface from putative hybrid
Agave shown in Fig. 3, 500 x,

tinct differences in surface texture and shape of cuticular cells from A. neo-
mexicana and A. lecheguilla. Notice also that the cuticle of a putative hybrid
appears intermediate between the two species. Conclusions should not be
made from these single specimens, but they indicate a promising source of
information for Agave systematics.

DISCUSSION

Calling the intermediate form Agave gracilipes does not negate the possi-
bility of hybrid status. Morphological patterns for the three groups indicate
that locally A. gracilipes occupies a position morphologically if not
genetically between A. lecheguilla and A. neomexicana. Furthermore, the
lack of sharp morphological discontinuity between the three taxa probably
reflects a similar genetic situation, so that even if A. gracilipes is not itself a
hybrid, there are hybrids between that taxon and the other two species.
Studies of karyotypes in the genus show a relatively stable base number of n
= 30 and indicate a strong possibility of alloploidy and autoploidy (Granick
1944). The only chromosome counts reported for species occurring in the
Guadalupe Mountains are 2n = 55, 60, and 120 for A. lecheguilla (Granick
1944; Cave 1964). The only apparent barrier to cross pollination is time of
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bloom, and there is considerable overlap among the three taxa. The large
amount of nectar attracts a variety of hummingbirds, wasps, bees, butter-
flies, and beetles; and it seems reasonable to postulate a nonspecific pollina-
tion strategy. The late blcom of the putative hybrid is perplexing because it
gives these plants a decided disadvantage in sexual reproduction under the
current regional climate. This could help account for the relatively Limited
distribution of this form in the region. This characteristic is clearly different
from both proposed parental species, and could signify genes not currently
present in other local taxa. However, until the mechanism of bloom induc-
tion is known, it is difficult to evaluate the genetic significance of this factor.
In any case, asexual cloning appears to be an effective propagating strategy
on a local basis.

To conclude, morphological data from 1973 collections of Agave in
Guadalupe Mountains National Park show a good possibility of hybrid
origin for some populations tentatively included with A4. gracilipes. There
appears to be backcrossing with the two proposed parental species—A.
neomexicana and A. lecheguilla. However, I can make no firm conclusions
without more data, which 1 am continuing to gather for future analysis.
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i The Land and Freshwater Mollusca
§ of the Guadalupe Mountains
INational Park, Texas

f

I RICHARD W. FULLINGTON, Dallas Museum of Natural
History, Texas

. On | November 1922, H. A. Pilsbry (often considered the father of south-
western malacology) and James H. Ferriss hiked from the west along the old
PX trail into the Texas Guadalupe Mountains, thus making the first
recorded attempt to collect mollusks in the Permian Reef. They had started
their hike in Orange, New Mexico (which no longer exists), and during their
entire 1 1-day trip, Pilsbry believed that they were collecting in New Mexico.
Their search carried them to areas across the west side, up to the area of Bush
Mountain and up Pine Springs Canyon twice. Pilsbry (1939, 1946) later
recorded only the larger species collected and none of the smaller species that
they surely gathered. Perhaps more strangely, though, is that after this
beginning, no other major molluscan collecting efforts were made in the
Guadalupe Mountains until 1974,

Pilsbry did return for one day on 18 July 1935 with Cyril Harvey; they
climbed to about 6500 ft on the southern flank of “Signal” (Guadalupe)
Peak. Metcalf (1970) published Pilsbry's field notes of these trips. In 1934
and 1935, H. C. Fountain, who aided P. B. King during his geological sur-
vey of the Guadalupes of Texas, collected four species of living snails from
Pine Springs Canyon and a series of fossil snails from alluvial deposits in Bell
Canyon and in Pine Springs Canyon. The material was identified by Dr.
J. P. E. Morrison of the U.S. National Museum, and the list was published
in King's (1948) Geology of the southern Guadalupe Mountains.

In July 1950, Dr. E. P. Cheatum with his wife Edith and their two small
sons visited the Texas Guadalupes to collect Moliusca. Shortly after arriving
at the small motel at Pine Springs, Texas, Dr. Cheatum became ill and was
confined to the room for most of their stay which, historically, was unfortu-
nate as will be explained in the discussion of Ashmunella edithae. He did
make one excursion into MeKittrick Canyon but the treks up the moun-
tains were made by his wife and eldest son who were accompanied by a group
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of geologists. The results of this trip were published by Pilsbry and Cheatum l
(1951).

Mr. Munroe L. Walton of Glendale, California, collected in Pine Springs
Canyon on 19 March 1952 and 23 October 1952, and published (1963) on I
one of the two collected species and sent the other to Dr, J. C. Bequaert.

In April 1958 and April 1961, Dr. Joseph C. Bequaert collected a seties of
small mollusks from washed up debris in Bell Canyon at the Highway 180
crossing and live Physa in the bed of the canyon. He visited McKittrick Can-
yonon4and 5 April 1966, where he collected another series of small gastro-
pods. Soon after, he presented the National Park Service an unpublished‘
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checklist of all known mollusks collected in the Park. The manuscript
(Bequaert 1966) was made available to me for incorporation into this report.
Other investigators periodically have collected moliusks in the Park,
including Dr. Fred Gehlbach, Baylor University, who informed Dr.
Bequaert that over a 10-year period while doing ecological work in the Park,
he had collected gastropods. These were deposited in the University of
Michigan, Museum of Zoology, but no publications have resulted.
Dr. Artie L. Metcalf, University of Texas at El Paso, has worked-
periodically on the Guadalupe Mollusca. He graciously has made much of
his data available to me and has a manuscript in preparation listing species
he collected in Pine Springs Canyon, with a description of a new fossil
Ashmunelia. l
Mr. Lloyd E. Logan, Texas Tech University, while investigating Quater-
nary vertebrate remains from Sloth and Dust caves, sifted fossil gastropods I

from floor sediments. The material was sent to me for identification, and Mr.
Logan kindly permitted me to incorporate the species list into this report.

My first trip to the Texas Guadalupes was made with Dr. E. P, Cheatum
and Mr. Hal P. Kirby in November 1969. We collected at Smith Spring and
McKittrick Canyon. In November 1970, the three of us returned accom-
panied by William E. Wilson. Wilson and [ worked up Pine Springs Can-
yon, Pipeline Canyon, The Bowl, and up the south walls of McKittrick Can-
von where we collected Ashmunella carisbadensis for the first time in Texas. I
Cheatum and Kirby worked the lower levels. Dr. Cheatum, Wilson, and I
made a brief stop in McKittrick Canyon in November 1971. All of the mate-
ral collected thus far was published with the molluscan data that Mr. Lloyd
Pratt, Fort Worth Museum of Science and History, had gathered from the
Chisos Mountains and west Texas in general (Cheatum et al. 1972).

Fourteen members of the museum staff spent 2 weeks in July 1974 col-
lecting mainly at the upper elevations. Main camp was established at the I
ranger’s headquarters in Upper Dog Canyon and we backpacked into the
mountains from there. The “rainy season” had begun which greatly aided
collecting as most of the gastropods were above ground. I returned in I
December 1974 with staff members Walt Davis, Bill Wilson, and Steven
Runnels, at which time we collected in Pine Springs Canyon, Bone Canyon
along the summit of the eastern escarpment, and near most of the springs
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along the east side of the mountains. Also, during this last trip, we collected
to the head of Pine Springs Canyon,

The bulk of this report is the data gathered from these two intensive trips
in 1974. The collecting sites are listed below, grouped by altitude intervals.
L.esser known sites are indicated by degrees, minutes, and seconds from the
U.S. Geological Survey Guadalupe Peak, Texas, Quadrangle map, 1933
edition.

COLLECTING SITES 1974
5000 o 5500 ft (1500 to 1650 m)
floor of McKittrick and South McKittrick canyons
Choza Spring
Manzanita Spring
Juniper Spring
Bone Canyon
5500 1o 6000 ft (1650 to 1800 m)
Lower Pine Springs Canyon (to first big bend)
Smith Spring
Spring at base of Pipeline Canyon
000 to 6500 ft (1300 to 1950 m)
104° 50" W, 31° 59° 30" S (ravine just wesi of Ranger Station in Upper Dog Canyon)
104° 51" W, 31° 59" 30" S (trail to Coyote Peak)
104° 50" E, 31° 59° N (canyan heading on east ridge of Upper Dog Canyon by Devil's Den
Canyon}
104° 50" W, 31° 59° 30" S
104° 50” 30" E, 31° 58' 30" N
Pine Springs Canyon
6500 to 7000 fu (1950 to 2100 m)
104° 50v 30" E, 31° 58" § (“Spring” Canyon off Lost Peak Trail}
104° 500 20" W, 31° 57 17" N
Upper Portion of Pine Springs Canyon
Lower Pipeline Canyon
7000 to 7500 ft (2100 to 2500 m)
104° 49" 31" W, 31° 59' N
104° 50" E, 31° 57" 30" N
104° 51" W, 31° 56" 30" N
104° 507 35" W, 31° 56" 20" W
104° 51" W, 319 55 30" N
Pine Springs Canyon
7500 to 3000 ft {2250 to 2400 m)
Pipeline Canyon
Pine Springs Canyon
104° 517 20”7 W, 31° 55" 45" N (Aspen Grove)
104° 51" 30" W, 31° 56’ 35" N
144° 50" 20" W, 31° 57" I7" N
Lost Peak
8000 to 8300 ft (2400 to 2430 m)
104° 52 W, 31° 56" 40" N (Blue Ridge Trail area)
104° 527 20" W, 31° 56" 55" N (Blue Ridge Trail arca)
104° 527 40" W, 31° 56’ 55" N (Blue Ridge Trail area)
104° 517 35" W, 31° 56" 35" §
East escarpment to just beyond Smith Spring Canyon
The Bowl (southern area only)

-*-
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Checklist of Land and Freshwater Mollusca of the
Guadalupe Mountains National Park, Texas

This list represents all published and unpublished species for the Texas Guadalupe Moun-
tains. Strictly indigenous species are noted as are species that are known currently only as
fossils. All current taxonomic changes are also incorporated and are explained in the 5ys-
tematic discussion section. Numbers in parentheses indicate species included in each group.

Pelecypoda (1)
Family Sphaeriidae
Pisidium casertgnum (Poli)
Gastropoda (aquatic) (5)
Family Hydrobiidae
Hydrobia sp.
Family Lymnaeidae
Lymnaea humilus (Say)
Family Physidae
Physa virgata (Gould)
Family Planorbidae
Helisoma trivolvis trivolvis (Say)
Gyrautus parvus (Say)
Gastropoda (terrestrial) (55)
Family Helminthoglyptidae
Humboldtiana ultima Pilsbry
Family Urocoptidae
Maetastoma roemeri roemeri (Pfeiffer)
Holospira montivaga montivaga Pilsbry {indigenous)
Holospira montivaga form brevaria Pilsbry (indigenous)
Holospira pityis Pilsbry and Cheatum (indigenous)
Holospira oritis Pilsbry and Cheatum (indigenous)
Holospira danielsi Pilsbry and Ferriss
Family Bulimulidae
Rabdotus deatbatus dealbatus (Say)
Rabdotus dealbatus durangoanus (Martens)
Family Thysanophoridae (Sagdidae)
Thysanophora hornii (Gabb)
Family Endodontidae
Helicodiscus nummuy (Vanatta)
Helicodiscus singleyanus singleyanus (Pilsbry}
Helicodiscus eigenmanni Pilsbry
Discus cronkhirei (Newcomb)
Punctum minutissimum (Lea)
Punctum vitreurn H. B. Baker
Family Zonitidae
Zonitoides arboreus {Say)
Glyphyalinia indentara paucilirata {Morelet)
Nesovitrea electrina (Gould)
Nesovitrea sp.
Euconulus futvus (Miiller)
Striatura meridionalis (Pilsbry and Ferriss)
Vitrina pellucida alaskana Dall
Hawaiia minuscula minuscula (Binney)
Hawaiia minusculy neomexicana (Cockerel]l and Pilsbry)
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Family Limacidae
Deroceras laeve (Miiller)
Family Polygyridae
Ashmuneila kochi amblya Pilsbry
Ashmunella rhyssa rhyssa (Dall) (fossil only)
Ashmunella carlsbadensis Pilsbry
Ashmunella edithae Pilsbry and Cheatum (indigenous)
Ashamunella sp. nov.
Family Succineidae
Succinea lureola Gould
Succinea sp.
Family Cionellidae
Cionella lubricella (Porro)
Family Pupillidae
Gastrocopta armifera {Say)
Gastrocopia procera procera (Gould)
Gastrocopta pentodon (Say)
Gastrocopta pilshryana (Sterki)
Gastrocopta ashmuni (Sterki)
Gastrocopta contracta {Say)
Gastrocopta pellucida (Pfeiffer)
Pupilla muscorum muscorum (Linné) {{ossil only)
Pupilla blandi Morse
Pupilla sonorana (Sterki)
Pupoides albilabris (C. B. Adams)
Pupoides hordaceus (Gabb) (fossil only)
Vertigo milium (Gould)
Vertigo gowldil arizonensis Pilsbry & Vanatta
Vertigo ovata (Say)
Family Valloniidae
Vallonia perspectiva Sterki
Vallonia gracificosta Reinhardt
Vallonia parvula Sterki (fossil only)
Vallonia cyclophoreila Sierki (fossil only)
Family Strobilopsidae
Strobilops labyrinthica (Say)
Family Oreohelicidae
Oreohelix soccorensis soccarensis Pilsbry (fossil only)

SYSTEMATIC DISCUSSION

Pelecypoda
Family Sphaeriidae

o

Pisidium casertarmum (Pol)

General Distribution.—Worldwide; this is by far the most common Pisidium,

Guadalupe Park Distribution.—Springs at base of Pipeline Canyon (Cheatum et al. [972).
Comments. —King (1948:145) reported a fossil Fisiditm sp. from Bell Canyon, 1 mi. N of the
Hegler Ranch, This, in addition to those in Cheatum et al. {1972), constitutes the only pelecypod
reports for the Guadalupe Mountains.

Gastropoda (freshwater)
Family Hydrobiidae

-ﬁ
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Hydrobia sp.
Comments.—A single fragmented shell was obtained from under a rock, in a pine stand, on the
ridge (7400 ft) that forms the east side of Upper Dog Canyon. The location of this gill-breathing
aquatic genus remains the greatest mystery of the Guadalupean snail fauna.
Family Lymnaeidae

Lymnaea humilis (Say)

Fossoria obrussa (Say), in King (1948:145) as a fossil from Bell Canyon.

Lymnaea (Gatba) obrussa (Say), in Bequaert (1966) citing King (1948:145),
General Distribution.—Canada, United States, and northern Mexico.
Guadalupe Park Distribution—Manzanita Spring (Cheatum et al. 1972) Choza Spring.
Comments.—This is a relatively common lymnaeid in the Southwest and should be found in
more aquatic localities in the Guadalupes.

Family Physidae

P

Physa virgata (Gould)

Physa anatina Lea, in King (1948:145) Bell Canyon as a fossil.

Physa forsheyi Lea, in Bequaert (1966), “living in pools and slowly running water of Bell
Canyon, near the crossing of Hwy 180."
General Distribution.—Common over most of south-central and southwestern North America.
In California at least as far narth as Sacramento and San Francisco Bay, northernmast Baja
California, and eastward, southernmost Nevada, Utah, and Colorado; northward it is replaced
by P. gyrina; southern Kansas (Taylor 1966:211).
Guadalupe Park Distribution.—McKittrick Canyon, spring at base of Pipeline Canyon, drift i
Delaware Creek.
Comments.—This is probably the most commeon freshwater snail in the Southwest,

Family Planorbidae

Helisoma trivolvis trivotvis (Say)

Helisoma trivolvis lentum (Say), in Cheatum et al. (1972) in Manzanita Spring.
General Distribution.—“ Atlantic coast and Mississippi River drainages, northward to Arctic
British America and Alaska and southward to Tennessee and Missouri. The southern distribu-
tion is not clear owing to the mixing with related species™ (Baker 1928:332),

Guadalupe Park Distribution.—Manzanita Spring, Choza Spring.

Comments.—A conservative taxonomic approach is taken here in the relationship of &. &.
trivolvis and H. t. lentum until the distribution and validity of fenrum is established. In Texas,
the shell characters are quite variable within populations and unreliable for taxenomic
purposes.

Gyraulus parvus (Say)
General Distribution.—“Eastern North America, east of the Rocky Mountains from Florida to
Alaska” (Baker 1928:377).
Guadalupe Park Distribution—Manzanita Spring (Cheatum et al. 1972).
Comments. —The flat, open pond constructed at Manzanita Spring would appear to be a pre-
ferred stopping place for migrating aquatic birds as indicated by the presence of . «. trivolvis
and G. parvus. Both are known to be easily transported in mud on the feet of such birds.

Gastropoda (land)
Family Helminthoglyptidae

Humboldtiana uliima (Pilsbry)
General Distribution.—Guadalupe Mountains: Pine Springs Canyon (Pilsbry 1939:408-408).
Pilsbry and Ferriss during their trip in 1922 to the mountains on 2 November, went up the PX
trail, apparently, to the area just north of Bush Mountain (Sta. 237). There they collected the
first “Lysince.” However, on 9 to 11 November, they collected living specimens “just above the
box above the Gateway” (Sta. 240) (Devils’ Hall). Apparently, Pilsbry described the holotype
from this site. Also occurs in the Sierra Diablo Mountains {Cheatum and Fullington, unpubl.}.
Guadalupe Park Distribution.—General throughout the mountains above 6500 ft clevatio
Usual habitat, forested ravines and rocky outerops.

Qu

- =l



MOLLUSCA 97

Comments.—The shell in the northern portion of the mountains is larger (average height, 27.9
mm), darker, and the bands are wider and much darker than the shell of the southern area
(south of Lost Peak), where it becomes smaller (average height, 25.3 mm) and lighter. In the
Bush Mountain area, the banding is highly variable. In the Aspen Grove area, most of the
sampled population had only two bands rather than the usual three.

King (1948:145) reported H. witima as a fossil from alluvial deposits on the north side of Pine
Springs Canyon, 1 mi. W of Pine Springs. The thin shell does not lend itself well 1o fossilization
although 1 do have fossil specimens from Sloth Cave. These specimens were sent to me by Lloyd
Logan who is investigating the caves on the west side.

The Guadalupe Mountains are the northernmost localities for this Mexican genus although
other species occur on mountaintops in West Texas. 1t is also the largest snail indigenous to
orth America. :
Family Urocoptidae

Metastoma (Holospira) roemeri roemeri (Pleiffer)
General Distribution. —Westward in Texas from the type locality at New Braunfels, Texas, to
the Franklin Mountains at El Paso, Texas. It also occurs in the Sacramento and San Andreas
mountains of southeastern New Mexico {Bequaert 1966).
Guadalupe Park Distribution. —At elevations from 5000 to 6500 ft Pilsbry (1946:115) reported
it from the Guadalupe Mountains east of Orange, in Lincoln and Eddy counties, New Mexico,
collected during the Pilsbry and Ferriss trip in 1922. 1t is almost certain that these localities are
{rom the northwestern side of the Guadalupes, Culberson County, Texas. Pilsbry and Cheatum
1951:88) reported that a Mrs, Fischer collected it from Bone Canyon. The Dallas Museum of
Natural History has collected it from the following localities: Bone Canyon, Pine Springs
Canyon, Smith Spring Canyon, McKittrick Canyon, and Pipeline Canyon, 8100 fi.
Comments.— M. r. roemeri apparently occurs only along the low-level, xeric rocky exposures
that flank the mountains. It has not been collected within the mountains. Fossil specimens were
taken from Sloth Cave.
Holospira montivaga montivaga Pilsbry, 1946
General Distribution.—Guadalupe Mountains: Type Locality, “New Mexico, Guadalupe
Mountains gast of Orange, the types from a terraced butte in a deep, dry canyon (our station
240), about 2 miles south of the PX trail over the Mountains” {Pilsbry 1946:124), Again, Pilsbry
was in error thinking that he and Ferriss, during their 1922 trip, were in New Mexico. My esti-
mate is that the site is near the north end of Blue Ridge as stated by Metcalf (1970:15).
Guadalupe Park Distribution.—General over the mountains at elevations over 5000 ft.
Comments, — As with Humboldtiana ultima, the shells of H. m. montivaga are larger (average
height, 18.0 mmy} in the northern section of the mountains and become smaller southward, The
H. m. montivaga, H. m. form brevaria, H. pityis, and H. oritis complex have become extremely
problematic with respect to the data compiled during this survey. For the present time, all
species are being retained, but evidence strongly leans toward a synonomization. The problem
will be discussed later.
Holospira montivaga form brevaria Pilshry, 1946
General Distribution. —Guadalupe Mountains; Type Locality, New Mexico, “eastern slope of
Guadalupe Mountains near south end, above Walter Glover's ranch house in Pine Springs Can-
on, below the rock Gateway {Devil's Hall}, {Pilsbry and Ferriss)” (Pilsbry 1946:128),
Guadalupe Park Distribution. —General over the mountains at elevations over 6300 ft except in
MeKittrick Canyon. This distribution is based upon the strict definition of this form as having
coarser ribbing than H. m. moniivaga. Spire height differences (#. m. brevaria=8-12mm, H.
m. montivaga = 15 mm; Pilsbry 1946) had no meaning when reasonably large populations were
examined.
Comments,-—The only area where at least 859, of the population (46 specimens) sampled con-
formed to this form was in the vicinity of the type locality,
Holospira pityis Pilsbry and Cheatum, 1951
eneral Distribution.—Guadalupe Mountains: Type Locality, “Guadalupe Range: Pine
Springs Camp, Texas” (Pilsbry and Cheatum 1951),

- e
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Guadalupe Park Distribution.-—Pine Springs Canyon, The Bowl near Pipeline Canyon, and
the vicinity of Guadalupe Peak.

Comments.—By description, H. pityis is distinguished by its very fine, close-set ribbing and
height (8.5 mm) from H. m. brevaria. In The Bowl area near the eastern escarpment and Pipe-
line Canyon, and in lower Pine Springs Canyon, the populations conform 90% to the descrip-
tion. However, in the Guadalupe Peak area and upper {above 7000 fi) Pine Springs Canyon, the
height and ribbing characters merge with the characters for #. m. form brevaria. Fossil
specimens from Sloth Cave conform more closely ta H. pityis, but the point could well be
argued.

Holospira oritis Pilsbry and Cheatum, 1951
General Distribution. —-Guadalupe Mountains: Type Locality, “this species was collected near
Pratt’s lodge in McKittrick Canyon in the Guadalupe Range approximately 7 miles from Pin
Springs, Texas. They were on rocks of a jutting escarpment of limestone near a stream™ { Pilsb
and Cheatum 1951:90).
Guadalupe Park Distribution.—Apparently limited to McKittrick Canyon.

- Comments,.— H. oriris differs (by type definition} from H. m. montivaga in being more robust,
longer (height, 14 to 20 mm), and with one or more whorls being smooth. In one large popula-
tion (in McKittrick Canyon proper) over 40% of the specimens conformed to H. m. montivaga.
The oritis characters showed up in 10 % of a population of H. m. moniivaga located in the
canyon, with the spring forming the south end of Upper Dog Canyon.

Holospira danielsi Pilsbry and Ferriss, 1915
General Distribution.—Dragoon Mountains of Arizona.
Guadalupe Park Distribution.—McKittrick Canyon.
Comments,—One specimen was taken from drift at the mouth of McKittrick Canyon by
Cheatum and Fullington in 1970 and was reported in Cheatumet al. (1972).  have always beena
little dubious of this specimen due to the distance from the type locality and because there is but
one specimen. However, the species may actually occur in the Guadalupes and no one has dis-
covered the population. Pilsbry (1946:137) cites the habitat as “. . . they live on the most
exposed, hottest slopes, often in great profusion. . . .” He also states that they live under dead
agaves, stones, and sotols. No one, as yet, has investigated this type of habitat in the Guadalupe
Mountains,

Due to the extent of this survey, which has been the most thorough of all moltuscan investi-
gations in the Guadalupe Mountains thus far, several statements may be made concerning the
Hulospira species complex or at least the problem itself may be better defined.

Suspicion as to the validity of such species as H. montivaga form brevaria, H. pitvis, and H.
oritis have been voiced by several suthors (Bequaert 1966; Cheatum and Fullington 1973:40,
Bequaert and Miller 1973:142). With this in mind, emphasis during this investigation was placed
on large population analysis rather than upon simple species collecting by a few individuals.
Unfortunately, time has not permitted necessary anatotnical analysis.

In all examined populations of Holospira m. montivaga, the range of shell characters
(height, number, and coarscness of ribs) included that of H. m, form brevaria and vice versa.
Several characters (some smooth whorls and height of at least 18 mm) for H. vritiy were also
present in a few 4. m. montivaga populations outside McKiktrick Canyon and vice versa. As
stated earlier, H. m. montivaga decreases In height southward wntil, in the Pine Springg
region, it becomes almost indistinguishable from brevaria except for the finer striatjons
Populations of K. pityis are much more restricted from The Bowl southward. McKittrick
Cuanyon and Pine Springs Canyon appear (o be “melting pots” for the characteristics which
are used to distinguish species of Holospira. Thus, the problem becomes more question of
which environmental pressures are operating on gene expressionin the Guadalupe Holospira,
The limited area of the Guadalupe Mountains should make them an excellent “laboratory™
to further examine this problem.

Excluding H. danielsi, all Guadalupean Holospira species probably should be synonymized
under the earliest named M. mi. montivaga. The separate species have been retained in this
study for locality retention purposes in order to assist future investigations on this complex

b
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Family Bulimulidae
Rabdotus ( Bulimulusy dealbatus dealbarus (Say)
Bulimulus dealbaius pecosensis Pilsbry and Ferriss, in King (1948:145).
Bulimulus dealbatus neomexicanus Pilsbry, in Bequaert (1966) and Cheatum et al.
{1972:8).
General Distribution.—Northern Mexico east of Sierra Madre Oriental; northward through
Texas to eastern Oklahoma and Kansas; southwestern Missouri eastward 1o Alabama; dis-
junct populations in the San Andreas, Sacramente, and Guadalupe mountains of New Mezxico
and Texas (Fullington and Pratt 1974:16).
Guadalupe Park Distribution—Common over the mountains from 5000 ft to over 3000 ft
clevation; found in almost every type of habitat from dry, barren exposure to the high forested
ravines, Pilsbry (1946:13) mentions that he and Ferriss collected it in 1922, King {1948:145)
reported it being high up on the south wall of Pine Springs Canyon. Bequaert {1966) examined
specimens collected by Monroe L. Walton in 1952 at the ruins of the old Butterfield Stage
Coach Station, Pine Springs. Bequaert also found it living in South McKitirick Canyon. Field
parties from the Dallas Museum of Natural History found it at almost every collecting site.
Comments.— R. dealbatus neome xicanus is considered a large R. d. dealbatus (Fullingtonand
Pratt 1974:16).
Rabdasus ( Bulimulus) dealbaius durangoanus (Martens, 1893)
Bulimudus dealbatus pasonis Pilsbry, in Bequaert {1966).
Rabdotus dealbatus durangoanus {Martens) in Fullington and Prau (1974).
General Distribution.— From the Sacramento Mountains, New Mexico, south through Trans-
Pecos Texas into Mexico (Fullington and Pratt [974),
Guadajupe Park Distribution.—Pilsbry (1946:19), accompanied by C. Harvey in 1935, col-
lected this species from the southern flank of Signal Peak (old name for Guadalupe Peak), south
end of the Guadalupe Mountains, 6500 ft. The Dailas Museum of Natural History collected it in
Bone Canyon, elevation 5300 f1.
Comments.—This small form of R. dealbatus (as also suggested by Bequaert 1966) is probably
more common around the flanks of the Guadalupes than records indicate. It generally lives
under dead sotol and arborescent yuccas on arid, barren low slopes. Fullington and Pratt
{1974:16) state that it occurs sympatrically with R. 4. dealbatus in the Guadalupes.
Family Thysanophoridae {Sagdidae)
Thysanophora hornii (Gabb)
General Distribution.—Northern Mexico, north to southeastern Arizona, southern New
Mexico, and southwestern Texas {Fullington and Praty 1974:27).
Guadalupe Park Distribution.—King {1948:145) reported this species as a fossil from a clay
deposit in Bell Canyon. Bequaert (1966) took it from drift in Bell Canyon and found it living in
McKittrick Canyon. The Dallas Museumn of Natural History collected it at Smith Spring,
elevation 6000 ft.
Comments.—This is not a common species and generally prefers dry, hotrocky areas although
Fullington and Pratt (£974:27) state that in the mountains of Trans-Pecos Texas, it inhabits
Pinyon-Oak-funiper Woodland at higher elevations. A related western species, Microph ysula
ingersolli (Bland), should occur in the Guadalupes but has not been collected thus far.
Family Endedontidae
Helicodiscus nummus (Vanatta)
General Distribution.— Texas, from the Balcones escarpment southward and westward to the
Guadalupe Mountains; onre locality in Indiana (Pilsbry 1946:639). i
Guadalupe Park Distribution,.—Sparsely distributed from canyons at south end of Upper Dog
Canyon (6500 ft) to the Aspen Grove (7750 ft}, It has not been previously reported from the
Guadalupe Mountains.
Comments.— The Helicodiscus complex has become almost bewildering with the recent addi-
tion of several new species and the elevation of several subspecies to specific rank by various
authors. This tiny species (diameter, 1.3 to 1.5 mm} is difficult to separate {from other immature
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smooth-shelled Helicodiscus. It is interesting that H, nummus oceurs only at higher elevations

in the Guadalupes, whereas elsewhere in Texas, it appears to be a lower, moist, woodland form.
Helicodiscus singleyanus singleyanus {Pilsbry)

General Distribution.—New Jersey to South Dakota, Colorado, Arizona, New Mexico, and

Texas, also Florida to Louisiana {Pilsbry 1948:636).

Guadalupe Park Distribution.—Bequaert { 1966) collected the first reported specimen in South

McKittrick Canyon (5300 ft). The Dallas Museum of Natural History collected it from the can-

yons at the south end of Upper Dog Canyon (6300 to 6500 ft). 1 also have identified several fossil

specimens from Slath Cave.

Comments.—This is a common snail in Texas.

Helicodiscus eigenmanni Pilsbry, 1890

Helicodiscus arizonensis (H. eigenmanni arizonensis) Pilsbry and Ferriss, in Cheatum et
al. (1972).
General Distribution (includes the distribution of H. e. arizonensis).—South Dakota to
Arizona, New Mexico, Texas, and Mexico {Pilsbry 1948:630).
Guadalupe Park Distribution.—Drift in McKittrick Canyon, otherwise sparsely distributed
over the-mountains in the wooded ravines only at elevations of 6500 to over 8000 ft. Dallas
Museum of Natural History locatities include Pipeline Canyon., Smith Spring Canyon, near top
of El Capitan, Aspen Grove, Upper Dog Canyon area, Blue Ridge area.
Comments. —Bequaert and Miller (1973:85-87) also have relegated H. e. arizonensis to
synonomy. They added that . eigenmanni might be only a southwestern subspecies of H.
parallelus. : ‘

Discus cronkhitei (Newcomb 1865)

General Distribution.—Canada and most of the United States {Pilsbry 1948:602-603).
Guadalupe Park Distribution.—As a fossil, north side of Pine Springs Canyon, ! mi. W Pine
Springs (King 1948:145), McKittrick Canyon drift (Cheatum et al. 1972), and Sloth Cave on the
west side. Field parties from the Dallas Museum of Natural History found it living from Upper
Dog Canyon to The Bowl and Blue Ridge at elevations aver 6500 fi.
Comments.—Although this species is a relatively common fossil across Texas, this is the first
report of this species as Recent for the state, At least six sampled populations contained speci-
mens with smooth bases and slightly more elevated spires conforming to Discus shmekif
(Pilsbry). This situation apparently is common as other malacologists have observed it as well.

Puncium minutissimum {Lea)

General Distribution.—Maine to Florida, west 1o Oregon and New Mexico (Burch 1962:80),
Guadalupe Park Distribution.—The Datlas Museum of Natural History collected this tiny
species in densely wooded ravines from Upper Dog Canyon southward to the Aspen Grove but
only at elevations over 6600 ft.
Comments.—This is the first report of this species for West Texas either as Recent or fossil. Mr.
Lloyd Pratt (pers. comm.) has collected it alive in Tarrant County, Texas.
Punctum virreumn H. B. Baker 1930
General Distribution.—From New Jersey through most of the southeastern states to north-
castern Mexico (Baquaert 1966). :
Guadatupe Park Distribution,—Bequaert (1966) reported this species living in South
McKittrick Canyon.
Comments, —The museum has not collected P. virreunt in the park. Because most of our work
has been concentrated at higher elevations where P. minutissimum occurs, it may be that P.
viireum inhabits the lower levels.
Family Zonitidae
Zonitoides arboreus (Say, 1816)
General Distribution.—North American continent to Costa Rica.
Guadalupe Park Distribution.—As a fossil in Pine Springs Canyon, and at the east side of Bell
Canyon (King 1948:145). The Dallas Museum of Natural History found living specimens gen-
erally distributed at elevations above 6300 ft. Cheatum et al. (1972) reported it as Revent for
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Culberson County. The localities were MeKittrick Canyon, Pine Sprmgs Canyon, Smith
Spring Canyon, and The Bowl.
Comments,—The probable reason that Z, arboreus was not reported as living in the Texas
Guadalupes until 1972 is that until the museum began investigating the mountains in 1969, no
one, except Pilsbry and Ferriss in 1922, collected higher than the base of the mountains,
Glyphyalinia indentata paucilirata (Morelet, 1851)
Glyphyalinia indentaia (Say), in Cheatum et al, (1972).
General Distribution.—Central and southern United States southward to Guatemala {Pilsbry
1946:291).
Guadalupe Park Distribution.—Very general over the mountains at all elevations. King
{1948:145) reported it as a {ossil in Pine Springs Canyon. Bequaert (1966) collected washed up
specimens in Bell Canyon in 1958 and live in McKittrick Canyon. The Dallas Museum of
Natural History found it at most collecting sites,
Comments.—Cheatur et al. (1972) placed G. i. paucilirata as a synonymunder G. i, indentata.
G. i. paucilirara is characterized externally by a much wider umbilicus. The Guadalupe shells
conform quite well to this character and, thus, the subspecies is retained here. However, as with
several other gastropod species, G. i. paucilirata may prove to be a western form of G. &
indentata.
Nesovitrea sp.
Comments.—A small zonitid was collected at several localities, 1t compares in external form
with Nesovitrea binneyana occidentalis (H. B. Baker), and is the same type of shells identified by
Cheatum et al. {1972) as Glyphyalinia roenteri {Pilsbry and Ferriss). Until this series has been
more carefully examined, it is best to leave it unnamed for the present.
Euconulus fulvus {Maller, 1974)
General Distribution.—General throughout the cold temperate parts of Europe Asia, and
North America; in the southwestern United States, restricted 1o mountains above 5000 ft
{Bequaert 1966).
Guadalupe Park Distribution.—Bequaert (1966) first recorded it as living in South McKittrick
Canyon. The Dallas Museum of Natural History has found it to be distributed generally over
the mountains at elevations above 6300 ft.

Comments.—E. fulvus is a fairly common fossil in Texas and as far as is presently known, it is
extant within the statc only in the Guadalupe and Chises mountains (Cheatum et al. 1972).
Srrigiura meridionalis (Pilsbry and Ferriss, 1906)

General Distribution.—Widespread in the southeastern United States, northward to New

Jersey, westward to Arizona, and southward into northwestern Mexico (Bequaert 1966),
Guadalupe Park Disiribution.—Bequaert (1966) was the first 1o report this species in the
Guadalupe Mountains. His specimens came from South McKiurick Canyon, The Dallas
Museum of Natural History collected it over most of the mountains at elevations above 6500 ft.
Comments.-—Cheatum et al. {1972) reported it as a fossil from the Guadalupes. It is always
found in the high, densely wooded canyons under humus.
Vitrina pellucida alaskana Dall, 1905

General Distribution.—Alaska to California, Arizona and New Mexico, eastward to South
Dakota (Bequaert and Miller 1973:73-74).
Guadalupe Park Distribution.—Very sparsely distributed over the mountains at e]evauons
over 7000 ft.
Comments.—This is the first report of V. p. alaskana for Texas and the Guadalupe Mountains.
It was collected at most of our sites but only in low numbers. Bequaert and Miller (1373:73-74)
placed V. aleskana Dall (Pilsbry 1946) as a subspecies of V. pellucida (O. F. Muller 1774} of the
Old World.

Hawaiia minuscula minuscula {Binney)
General Distribution.—North American Continent.
Guadalupe Park Distribution.—General over the mountains at elevations above 6200 ft.
Comments. —Cheatum et al. (1972), without realizing, gave the first report of this very com-



102 FULLINGTON

mon species for the Guadalupes. Since that report, we have found it to be common at higher
elevations and as a fossil from Sioth Cave.
Hawaiia minuscula neomexicana (Cockerell and Pilsbry, 1900)

General Distribution.—Scattered localities in Texas, New Mexico, and Mexico.
Guadalupe Park Distribution. —King (1948: 145) reported this species as a fossil from the north
side of Pine Springs Canyon. Bequaert {1966) found it in drift from Bell Canyon at Highway 180
and living in South McKittrick, [ found it living at scattered localities across the mountains at
elevation above 6200 ft and as a common fossil from Sloth Cave.
Comments.—Bequaert (1966} feels that this subspecies may be just a slight variance of /. m.
minuscula. However, in a mixed lot, they are easily separable.

Nesovitrea electrinag (Gould, 1841)
General Distribution.—Alaska, through Canada to Virginia, south to New Mexico and north-
castern Arizona (Bequaert and Miller 1973;67-68).
Guadalupe Park Distribution. -—Spottily distributed over the mountains at elevations over 6300
ft. This is the first report of this species as living in Texas, although it is a common fossil.
Comments—! am not following Bequaert and Miller (1973:67-68) in placing electrina
{elevated by Pilsbry 1946:256 to specific rank) as a subspecies of the Holarctic N. hammonis at
this time.

Family Limacidae
: Deroceras laeve (Miiller, 1774)
General Distribution.—Arctic Region to Central America (Bequaertand Miller 1973:68-69).
Guadalupe Park Distribution.—Upper Pine Springs Canyon and Choza Spring.
Comments,-This is the first report of a slug in the Guadalupe Mountains.
Family Polygyridae

Ashmunella rhyssa rhyssa (Dall)
General Distribution, —Living specimens known from the Sacramento Mountains, New
Mexico (Metcalf and Fullington, in litt.).
Guadslupe Park Distribution. —As a fossil from Pine Springs Canyon.

Comments.—Dr. A. L. Metcalf informed me that he recently collected this species in an alluvial
deposit where he also collected a new, very small Ashmunella that we are currently describing.
Ashmunella kochi amblya Pilsbry, 1940
General Distribution.—-Guadalupe Mountains: Type Loeality, “Guadalupe Mountains, east
and southeast of Orange, New Mexico, from Pine Springs Canyon, above Walter Glover’s
House (Pilsbry and Ferriss, November 2-11, 1922)" (Pilsbry 1940:977). Bequaert (1966} stated
that in the Harvard Museum of Comparative Zoology there are paratypes {of the original lot,
received from Pilsbry) labeled more precisely, “Canyon south of the summit of PX trail, east of
Orange.” However, no altitude was given, Also found in western foothills of San Andreas

Mountains and Orpan Mountains, New Mexico {Bequaert 1966).

Guadalupe Park Distribution.—General over the mountains at elevations over 7000 ft. Mainly
in the wooded canyons but almest as readily found in the craggy limestone outcrops nearly
devoid of vegetation. King (1948:145) reported it as living on the upper south wall of Pine
Springs Canyon and as a fossil from the north side of Pine Springs Canyon. M. L. Walton
{1963:126) also recorded it as living 1% mi. up Pine Springs Canyon.

Comments.—A. kochi ambiya is distributed in the Texas Guadalupes from Guadalupe Peak
north to the ridge that transversely bisects the mountains which includes Lost Peak and the
north side of McKittrick Ridge. Spire height, shell diameter, and teeth structure are highly
variable. Shells from the Blue Ridge area populations conform perfectly to A, kochi kochi
Clapp which is known from only one locality—Black Mountain, at the south end of San
Andreas Mountains at 6800 ft, Dona Ana County, New Mexico (Pilsbry 1940:979). A. kochi
amblya should probably be synonomized under A. kochi kochi.

Ashmunella edithae Pilsbry and Cheatum, 1951
General Distribution.—Texas Guadalupe Mountains: Type Locality “Guadalupe Range, near
the top of the mountain up Pipeline Canyon, Pine Springs, Texas™ (Pilsbry and Cheatum
1951:88).
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Guadalupe Park Distribution.—The distribution of A. edithge in the mountains is unclear at
present.

Comments.- - Ashmunella edithae should probably be synonomized with 4. kochi amblya for
several reasons. The original description by Pilsbry and Cheatum (1951:88) matches perfectly
the description of A. carlsbadensis, as does their illustration. | have collected the entire length of
Pipeline Canyon twice and have collected nothing but A. kochi amblya. This fact leads to the
main problem—the type locality. Pilsbry and Cheatum cite the locality as*Pipeline Canyon.” 1
have shells listed as paratypes from Cheatum’s personal collection with the locality cited as
“Guadalupe Mountains on trail to Guadalupe Springs at base of El Capitan Mountain” (E. P.
Cheatum, June 1950). Cheatum and his wife Edith (who collected the shells) both have told me
that she went up the trail to Guadalupe Peak and not Pipeline Canyon. The three shells listed as
paratypes are perfect A, kochi amblya, which makes one suspicious of mixed labels. The illus-
trations of A, kechi ambiya and A. edithae in Cheatum and Fullington (1971} are also remark-
ably similar. [ believe that Edith collected 4. kochi ambiya and that Dr, Pilsbry simply had a
lapse concerning A. carlshadensis. Besides, no one at that time had collected A. carlsbadensis
previously in Texas. Dr, Cheatum indicated that he collected in McKittrick Canyon. 1t may be
that he picked up carlshadensis there and in the process of shipping the material to Dr. Pilsbry,
mixed these shells and Edith’s material from wherever she collected them,

Ashmunella carlsbadensis Pilsbry, 1932

General Distribution. —Guadalupe Mountains of New Mexico and Texas: Type Locality, “A
cave in Dark Canyon, southwest of Carlsbad, from the surface to a depth of two feet (E. B.
Howard)" Pilsbry (1940:978).
Guadalupe Park Distribution.—This species has a strange distribution in the Texas Guada-
lupes. The Dallas Museum of Natural History collected it from the heavily wooded canyons of
Upper Dog Canyon (7400 ft), and along the eastern flanks from McKittrick Canyon to Bone
Canyon (5400 ft) on the west, except in the Pine Springs Canyon area. While A. kochi amblya
accupies the high central areas, A. carishadensis encircles the mountains, inhabiting the lower
level, rocky outcroppings. It appears to be tolerant of xeric conditions, whereas A. kochi
amblya is not. Altitude is not a prohibitive factor as we found it in the limestone outcroppings
along the summit of the eastern escarpment (8200 ft). It was found sympatrically with A. kochi
amtblya at only one locality—near the junction of Pipeline Canyon and The Bowl where the
forest borders the edge of the escarpment.
Comments.— The relationship of A, kochi amblyaand A. carlsbadensis is interesting in that the
two are sympatric at only one place (thus far investigated} in the mountains. The problem needs
further investigating before a definitive statement may be made. In 1972, the late Dr. Cheatum
and | collected a series of small Ashmunella along the east-facing Eliffs of the Sierra Diablos
which lie just south of the Guadalupes that, cursorily, appear to be small carlsbadensis, but
some evidence indicates that they may be a new species,

In view of the fossil Ashmunellz collected by Dr. A. L. Metcall, and the unknown species
from Sloth Cave, the whole Guadalupe Ashmunelia complex appears to be highly dynamic.

Ashmunella spp. }

Comments.—Two small species of fossil Ashmunella have been collected recently in the Guada-
lupes—one by Dr. A. L. Metcalf from Pine Springs Canyon which we are in the process of
describing and the second was taken from Sloth Cave but cannot be described until whole speci-
mens are exhumed.

Family Succineidae

Succinea luteola Gould, 1848

General Distribution, —Louisiana, Texas, New Mexico, Arizona, and Mexico (Pilsbry
1948:829).
Guadalupe Park Distribution.—King {1948:145) reported this species as a fossil from Pine
Springs Canyon and from Bell Canyon. The Dallas Museum of Natural History collected
throughout the mountains dead shells that conform to 5. futeola, but no live specimens were
taken.
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Comments,—Due to the current state of confusion over succineid taxonomy, a conservative
approach to this group has been taken in this report.
Succinea sp.
Comments.—An unusual series of fossil succineids were taken from Sloth Cave. These require
further study and will be described at a later date.
Family Cionellidae
Cionella lubricella {Porro)
Cionella lubrica (Miiller 1774), in Bequaert (1966),
Genera) Distribution.—A worldwide genus with all North American forms referred to as
Cionella lubrica (Pilsbry 1948:1047). Current consensus is that at teast five species occur in
North America {(including Mexico) (F. W. Grimm, 1974 in litt., and Leslie Hubricht 1974 pers.
comm.), and that the ange of C. lubricella covers the area of this report. P
Guadalupe Park Distribution.—General over the mountains at all elevations where enough
vegetation is present to maintain a layer of leaf litter.
Comments.—Bequaert (1966} first reported this species from the Guadalupe Mountains as a
possible fossil from drift in Bell Canyon. Cheatum et al. (1972) reported it living in the Guada-
lupes. The Dallas Museum of Natural History found it to be one of the most commeon species in
the park. Bequaert and Miller (1973:72) reported it living in McK ittrick Canyon (as Cochlicopa
{ubrica).
Family Pupillidae
Gastrocopta armifera (Say, 1821)
General Distribution.—Canada, eastern United States to Colorado, New Mexico, and Texas
{Cheatum and Fullington 1973:10).
Guadalupe Park Distribution.—Bequaert (1966) first collected this species from drift in Bell
Canyon at Highway 180 as a fossil; Cheatum et al, (1972) reported it living in McKittrick Can-
yon. Metcalf (1975, pers. comm.} found it as a fossil in Pine Springs Canyon.
Comments,—Field parties of the Dallas Museum of Natural History did not find G. armifera
alive during the July investigation, thus its distribution in the park remains unknown. Evidence
indicates that this species is losing ground in the West. Bequaert and Miller (1973:172) indicate
that it no longer lives in Arizona, but that there are numerous fossil localities. This situation also
holds true for New Mexico and Texas.
Gastrocopla procera procera (Gould, 1840)
General Distribution.—Eastern United States, west to the Dakaotas, south to the Rio Grande,
with only spotty records in New Mexico and Atizona,
Guadalupe Park Distribution, —One colony was found by the museum (July 1974) in one of the
head canyons of Upper Dog Canyon, elevation 6200 ft.
Comments.—This is the first report of G. p. procerain the park. In the western United States, it
is not considered a native snail by Bequaert and Miller (1973:90-91),
Gastrocopia pentodon (Say, 1821)
General Distribution. —Northeastern Canada, the eastern half of the United States (as far west
as Coloradoe), and northeastern Mexico (Bequaert 1966).
Guadalupe Park Distribution.—Bequaert (1966) reported the first specimens from McKittrick
Canyon, Cheatum et al. (1972) also reported it from McKittrick Canyon, During July 1974, the
Dallas Museum of Natural History found it spottily across the mountains at elevations 6200 to
7500 ft.
Comments.—Bequaert and Miller (1973:88-90) placed G. rappaniana (Adams) under the
synonomy of &. pentodon.
Gastrocopia pilsbryana (Sterki, 1890)

- General Distribution. —In the mountains of New Mexico, Arizona, Mexico, and one locality in
southwestern Utah (Bequaert and Miller 1973:158-159), Franklin Mountains (Metcalf and
Johnson 1971:98), and Guadalupe Mountains, Texas (Cheatum et al. 1972), as fossils.
Guadalupe Park Distribution.—Bequaert (1966) presented the first teport for the park and for
Texas when he found it living in South McKittrick Canyon. Cheatum et al. (1972} reported itas
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a fossil from the Guadalupes. The Dallas Museum of Natural History found it to be common
across the park at elevations over 6500 ft,
Comments.—At present, the Guadalupe Mountains are the easternmost limit for this western
mountain-dwelling species.
Gastrocopta ashmuni {Sterki, 1898)
General Distribution. —Arizona, New Mexico, northern Mexico, and Trans-Pecos Texas.
Guadalupe Park Distribution, —Mead in 1969 (in Bequaert and Miller 1973) reported it from
South MeXKittrick Canyon as did Cheatum et al. {1972). The Dallas Museum of Natural History
also found it only in McKittrick Canyon. Fossil specimens were taken from Sloth Cave.
Comments.—Generally, this species lives in protected areas of low, rocky hills, usually at eleva-
tions between 3000 and 6000 ft. This type of habitat has not been fully investigated in the Guada-
lupes. When the area has been mere fully covered, G. ashrmuni will probably turn up in more
places than just McKittrick Canyon.
Gastrocopta contracia (Say, 1822)
General Distribution.—Southeastern Canada, widespread over most of the castern United
States, west to the Dakotas, south to northern Mexico; in the Southwest, Trans-Pecos Texas
and eastern New Mexico.
Guadalupe Park Distribution, —Bequaerl (1966) first reported it from flood debris in Bell
Canyon in 1958, Later, he found it living in South McKittrick Canyon. The Dallas Museum of
Natural History found it distributed across the mountains at elevations above 6300 ft.
Comments.—Bequaert and Miller (1973:91) consider G. contracta to be a post-Pleistocene
invader of the Southwest.
Gastrocopta pellucida {Pfeiffer, 1841)
Gastrocopia pellucida hordeacella (Pilsbry 1890), in Bequaert (1966).
General Distribution.—A common snail in the southern United States from New Jersey to
southern California; southward to Central America (Bequaert 1966).
Guadalupe Park Distribution.—In 1958, Bequaert collected the first Guadalupe specimens
from drift in Bell Canyon. Later, he took live specimens from South McKittrick Canyon, eleva-
tion 5300 ft. We found only two colonies, one at The Bowl (8200 ft) and the other at Smith
Spring (6000 ft).
Comments.—Bequaert and Miller (1973:79-81) synonomized G. pellucida hordeacella and G.
parvidens under G. pellucida.
Pupilla muscorum muscorum (Linne, 1758)
General Distribution. —Widespread throughout temperate Europe, Asia, and North America;
in North America as far south as the mountains of New Mexico (as Recent) (Bequaert 19656},
Often found as a fossil in Texas.
Guadalupe Park Distribution —King (1948:145) has reported the only instance of this species
in the park. It was found in a fossilferous layer on the north side of Pine Springs Canyon, 1 mi.
W of Pine Springs, Texas.
Comments.— P. m. muscorum s considered a mountain-dwelling snail in the west and probably
will be found alive in the park. It and P. blendi apparently were climinated from the Great
Plains just before or after the Bradyon interval (Leonard and Frye 1962:27).
Pupilla blandii (Morse, 1865)
General Distribution.—Throughout the Rocky Mountains, from Alberta to Arizona and New
Mexico (at high altitudes) according to Bequaert (1966},
Guadalupe Park Distribution.—Bequaert (1966) first reported this specnes in the park from
drift in Bell Canyon, which he considered fossil. Cheatum and Fullington (1973:23) collected
shells in McKittrick Canyon drift with the dried animal still within the shell. The museum did
not collect this species at the higher elevations.
Comments.—See comments under Pupilla sonorana.
Pupiila sonorana {Sterki, 1899)
General Distribution. —New Mexico and west Texas.
Gusadalupe Park Distribution.—In 1969, Mead (in Bequaert and Miller 1973) first reported this
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species from South McKittrick Canyon. The Dallas Museum of Natural History found it to be
common over the entire park at elevations above 6300 ft.
Comments.— Pupiila sonoranag and P. blandii are probably the same species; the only dif-
ference is in size and the compression behind the lip of sororana. In most populations sampled,
there were specimens that conformed to both species, except for size. As most fell into the height
range (2.5 to 3.25 mm) of P. sonorana, for the present 1 am classifying them as P. sonorana.
However, ] also firmly feel (as do Bequaert and Miller 1973) that P. blandii and P. sonorana are
conspecific.

Pupoides albilabris (Adams, 1841)
General Distribution. —Southern Ontario; the United States westward to Colorado, Utah,and
Arizona; northern Mexico, Cuba, Haiti, Puerto Rico, and Bermuda (Pilsbry 1948:921).
Guadalupe Park Distribution.—In drift at Delaware Creek at $tate Highway 652 (Cheatum et
al. 1972).
Comments.—It is amazing that this ubiquitous gastropod has not been collected in the park
more often than just the one record indicates.

FPupoides hordaceus (Gabb, 1866)
General Distribution.—Colorado, New Mexico, Arizona, Wyoming, and Utah (Bequaert and
Miller 1973:58-59). It occurs only as a fossil in Texas and Kansas.
Guadalupe Park Distribution. —Presumably as a fossil from drift at Delaware Creck at State
Highway 632 crossing (Cheatum et al. 1972),
Comments.—This species is yet to be collected as Recent in the Guadalupe Mountains, It pre-
fers arid plateaus and xeric foothills and does not occur in the higher clevations according to
Pilsbry (1948:924). This type of habitat in the park has not been fully explored as yet.

Vertigo milium (Gould, 1840)
General Distribution.—Recent from southern Ontario, south to Fleorida, west to Minnesota,
South Dakota, northern Colorado, east Kansas to east-central Texas: only as a fossil westward
through Arizona (with a few exceptions), no repotts from New Mexico (Bequaert and Miller
1973:95-95).
Guadalupe Park Distribution.—Drift specimens from McKittrick Canyon (Cheatum et al,
1972).
Comments.—The specimens collected in McKittrick Canyon appear much too fresh to be
classified as fossil, though they might well be. V. milium is another eastern Nearctic species
that appears to be losing ground in the West. Areas such as the Guadalupe Mountains offer the
last suitable habitats for this tiny snail in the West.
Vertigo gouldii arizonensis Pilsbry and Vanatta, 1900
General Distribution. —Arizona, New Mexico, and northern Mexico (Bequaert and Miller
1973:186-187).
Guadalupe Park Distribution. —Aspen Grove area to the northernmost edge of Blue Ridge at
elevations aver 7500 ft.
Comments.—This is the first report of this subspecies for Texas and for the Guadalupes.
Vertigo ovata (Say, 1822)
General Distribution.—Throughout most of temperate North America, becoming sporadic in
the Rocky Mountain states (Bequaett and Miller 1973:92-94),
Guzdalupe Park Distribution.—Bequaert (1966) first reported V. ovara as a fossil from drift in
Bell Canyon. Cheatum ct al. (1972) reported it as Recent from drift in Delaware Creek at State
Highway 632. I have reexamined the shells and they do appear very fresh, but they could very
well be sub-Recent.
Comments.—With further investigation, living material will most likely be found in the park.
Family Valloniidae

Vallonia perspectiva Sterki, 1893
General Distribution.—Common throughout most of the southern United States; north to New
Jersey and westward to North Dakota and Arizona (Bequaert and Miller 1973:96-98).
Guadslupe Park Distribution. —Bequaert (1966} first collected this species as a fossil in South
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McKittrick Canyon at 5300 ft. Cheatum et al. (1972) reported it as Recent from dnift in
McKittrick Canyon. Bequaert and Miller (1973:26) stated that Miller in 1369 also found it living
in South McKittrick Canyon. During July 1974, the Dallas Museum of Natural History found
it commonly distributed throughout the park atelevations over 6300 ft in the forested ravines.
Comments.—In Texas, V. perspectiva is known as living only in Terrell County, Chisos Moun-
tains in Brewster County, and Franklin Mountains in El Paso County (Fullington and Pratt
1974:29).
Vallonia cyclophorella Sterki, 1893
General Distribution.—A western montane snail from Washington to Arizona and New
Mexico, a few relictal colonies in sheltered canyons along the eastern escarpment of the High
Plains {Fullington and Pratt 1974:28).
Guadalupe Park Distribution.—King (1948:145} reported it as a fossil from Pine Springs
Canyon.
Comments.— V. cyclophorella is another western species that apparently spread eastward
during the Pleistocene and now is losing ground as the areas east of the Rockies become more
arid.
Vallonia gracilicosta Reinhardt, 1883
General Distribution.---Recky Mountain Region to New Mexico; only as a fossil in Arizona
and previously in Texas.
Guadalupe Park Distribution.—-Cheatum et al. (1972) found fossil specimens in drift in Cherry
Canyon at State Highway 180. Metcalf (pers. comm.) found it as a fossil in Pine Springs
Canyon. The museum collected specimens from Upper Pine Springs Canyon (6600 ft) and along
the Guadalupe Peak trail (7500 ft).
Comments.—This is the first report of ¥, gracilicosta as Recent for both Texas and the park.
The specimens from Upper Pine Springs Canyon could be questionable as being Recent or
fossil, but the Gusﬁ'fﬂupe Peak shells are bright and fresh.
Vallonia parvuia Sterki, 1893
General Distribution. —Southern 0nt_ario§\o South Dakota, south to lowa, Oklahoma, and the
Texas Panhandle (Fullington and Pratt 1974:29).
Guadalupe Park Distribution,—Fossil shells from driit in Delaware Creek at State Highway
652 (Cheatum ct al, 1972).
Comments.—This species is listed with reservation. The shells from the only locality in the park
have disappeared and cannot be reverified. They may have been young V. gracilicosta.
Family Strobilopsidae
Strobilops labyrinthica (Say, 1817)
General Distribution.—Southern Maine and Quebec; south through Minnesota, Nebraska,
and Kansas; east of the Great Plains to Oklahoma, Arkansas, Georgia, and Alabama (Fulling-
ton and Pratt 1974:25).
Guadalupe Park Distribution.—Living specimens were collected in McKittrick Canyon by
Cheatum et al. (1972), :
Comments,—Only one other locality of living 5. labyrinthice is known in Texas (Harris
County). The species is known from several Pleistocene sites in Texas. Thus it is another
northern specics that is becoming extinct in the Southwest.
Family Oreohelicidae
Oreohelix soccorensis soccorensis Pilsbry, 1905
Oreohelix yavapai compactula Cockerell, in King (1948:145), from the north side of Pine
Springs Canyon, 1 mi. W Pine Springs {fossil).
General Distribution. —Known as Recent only in the Gallinas Mountains, New Mexico; as a
fossil in the San Andreas and Sacramento mountains in New Mexico, and the Franklin, Hueco,
and Guadalupe mountains in Texas (Metcalf, per. comm.).
Guadalupe Park Distribution.—Metcalf (pers. comm.) has collected fossil shells in Pine

. Springs Canyon, in addition to King’s (1948) report. This species was abundant in Sloth, Upper

Sioth, and Dust caves.
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Comments.—I have examined one Orechelix soccorensis shell from the Guadalupe Peak area
brought to me by a group of young people without more information than the above. The shell
looks very fresh. Although the outer surface shows evidence of weathering, the interior is com-
pletely devoid of dirt and has only fungul mycelia in it. However, temerity and lack of better
collecting site data force me to include it as a fossil.

DISCUSSION

Sixty-one species of land and freshwater mollusks are presently known
from the Guadalupe Mountains National Park, Texas; 54 are Recent and 7
are fossil forms. Doubtless, many more species will be discovered with fur-
ther investigation. However, enough species are known now to enable us to
understand something of the mountains’ molluscan fauna.

Apparently, the mountains have stood for a long time period as an
“island” for periodic molluscan movements in relation to climatic changes.
With the current southwestern drying trend, the mountains offer a last
refuge for many of the more temperate species. It may be that even these
“refuges” are losing species. The fossil record of the Guadalupes is still too
poorly known for definite statements on this problem, -

Seventeen species in the Guadalupes currently have a more northerly or
wide distribution (Pisidium casertanum, Lymnaea humilis, Helisoma
trivolvis trivolvis, Gyraulus parvus, Helicodiscus singleyanus singleyanus,
Discus cronkhitei, Zonitoides arboreus, Euconulus fulvus, Hawaiia mi-
nuscula minuscuia, Nesovitrea electrina, Deroceras laeve, Gastrocopta con-
tracta, Pupilia muscorum muscorum, Pupoides albilabris, Vertigo milium,
and Srrobilops labyrinthica). Based on Southwestern fossil evidence, most
of these species are rapidly losing ground in the area or are already known
only as fossils (N. electrina, D. cronkhitei, S. labyrinthica, and E. fulvus).

Twelve species inhabit only the Southwest (Physa virgata, Metastoma
roemeri roemeri, Rabdotus dealbatus dealbatus, R. dealbatus durango-
anus, Thysanophora hornii, Helicodiscus nummus, Glyphyalinia indentata
paucilirata, Hawaila minuscula neomexicana, Succinea luteola, and
Cionella lubricelia). 1t is interesting to note that several southwestern
genera.(Polyvgyra, Helicina, and Euglandina) apparently have never reach-
ed the Guadalupes, while some almost strictly Mexican genera such as
Humboldtiana and Thysanophora have made the transition.

Species from the Rocky Mountain molluscan fauna, as defined by
Bequaert and Miller (1973:12), invaded the Guadalupes during cooler
Pleistocene periods. Most of these species (Holospira danielsi, Helicodiscus
eigenmanni, Gastrocopta pilsbryana, Gastrocopta ashmuni, Pupilla blandi,
Pupilla sonorana, Pupoides hordeaceus, Vallonia cyclophorella, Vallonia
gracilicosta, Vitrina pellucida alaskana, and Oreohelix soccorensis soc-
corensis) are found only at the higher elevations in the Guadalupes. An un-
answered question is why several of these forms are now apparently extinct
in the mountains ( Oreohelix and Pupoides hordeaceus) and why other forms
such as Sonorella and Radiodiscus never became established. It should also
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be stated that forms such as Sonorella and Humboldtiana do not fossilize
due to their thin shells and the ¢levations which they inhabit.

The Guadalupes harbor only six species that inhabit the southeasterly to
south-central United States (Striatura meridionalis, Gastrocopta armifera,
Gastrocopta procera procera, Gastrocopta pentodon, Gastrocopta
pellucida, and Vallonia perspectiva). The mountains are the westernmost
limits for several of these species.

Nine species are endemic, or nearly so, to the Guadalupe Mountains as
follows: Humboldtiana ultima, Ashmunella carlsbadensis, Ashmunella
kochi amblya, Ashmunella edithae, Holospira montivaga montivaga, H.
montivaga form brevaria, H. pityis, H. oritis, and Ashmunella sp. nov. It
should be understood, however, that, with-further investigation, this number
of species probably will be reduced through synonymy.

All of the aquatic species represented are adventive and widespread in
North America. Thus far, very few fossil aquatic species are recorded.
Apparently, the stream systems of the Guadalupes have always had rela-
tively sharp inclines with rapid run-off, and the Guadalupes never éstab-
lished much of a lasting, aquatic molluscan fauna.

In conclusion, the Guadalupe Mountains have stood as a crossroads for
periodic North American areal moiluscan movements. Most representative
species of these areas still inhabit the Guadalupes, though many forms have
ceased to inhabit the surrounding areas. Although the molluscan fauna is
stratified, the majority of the species occur at elevations over 6500 ft in the
wooded canyons. It should be noted here that most population localitiesare
somewhat vaguely referred to in this report for protective purposes. The
Guadalupe Mountains, due to their unique molluscan fauna and their rela-
tively small size, offer themselves as a tremendous “laboratory” for solving
existing molluscan problems. For this reason, as well as others, additional
care must be exercised to sustain the fragile populations.

Identified specimens have been catalogued into the Dallas Museum’s mol-
luscan collections and a duplicate set has been deposited with the National
Park Service at Carlsbad, New Mexico.
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Plusiotis woodi and Plusiotis
B sloriosa (Scarabaeidae); First Report
- of the Guadalupe Mountains
National Park, Texas

RICHARD W. FULLINGTON and DON HARRINGTON,
Dallas Museum of Natural History, Texas

Two species of a basically Mexican beetle genus, Plusiotis, were collected
in the Texas Guadalupe Mountains during 20 to 25 July 1974. Plusiotis
gloriosa LeConte and Plusiotis woodi Horn were collected in abundance by
the Dallas Museum of Natural History staff.

Plusiotis gloriosa was taken from juniper trees in McKittrick Canyon,
Upper Dog Canyon, and Pine Springs Canyon. Elytra were quite common
in raccoon scat as were juniper seeds. Most specimens were taken late in the
afternoon and around lights at night at elevations above 5000 ft (1500 m).
However, no specimens were found above 6500 ft (1950 m).

Plusiotis woodi proved.to be even more abundant than P. gloriosa. Large
mating groups were observed in clumps of oak and desert walnut in Pine
Springs and McKittrick canyons. No specimens were abserved above 6000 ft
(1800 m) elevation and no elytra were found in animal scat.

The genus Plusiotis is mainly Mexican in distribution, with only 4 of the
55 known species occurring in the United States. P. gloriosa is known from
the Davis Mountains, Texas, to Pena Blanca, Arizona, and southward into
Mexico. P. woodi occurs only in the Davis Mountains, Texas, and at Pinos
Altos in the Mexican state of Chihuahua (Anon. 1973). Their discovery in
the Guadalupe Mountains greatly extends the range of these two species
northward and probably represents the extent of their range in the United
States.

The activity of both species is highly moisture dependent (Cazier 1951). 1t
was thought that they were strictly nocturnal until Young (1951) studied the
habits of P. gloriosa in Arizona. He found that they actively fed during a 24-
hour period as long as the humidity was high. Rain fell nearly every day of
our stay in the Guadalupes and the sky was overcast, thus creating excellent
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conditions for the beetles to emerge from the ground where they burrow
during dry periods.

For several reasons, care should be exercised in protecting these two
species. They are highly prized by professional and amateur collectors and
even though during short, wet periods they appear very abundant, the popu-
lations could quickly be depleted. Second, as Young (1951) postulated, these
species are relicts from a cooler, wetter era of the Southwest. He felt that
many more species were present in the United States until the climate in the
area began drying. Thus, P. gloriosa and P. woodi represent “living fossils”
in the mountains and merit protection,

Specimens have been deposited in the Dallas Museum’s Entomology Col-
lection and with the National Park Service, Carlsbad, New Mexico.
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Notes on the Bionomics and Nest
Structure of Pogonomyrmex
maricopa (Hymenoptera:
Formicidae)

JAMES V. MOODY and DAVID E. FOSTER, Texas Tech
University and Museum, Lubbock

Pogonomyrmex maricopa Wheeler is a widely distributed harvester ant
common to semi-arid areas of Texas, New Mexico, Arizona, and northern
Mexico (Cole 1968). Colonies of P. maricopa are characterized by dome-
shaped mounds surrounded by large bare areas. The species commonly
occurs in sandy, silt, and loam soils on flat or gently sloping areas. They
infrequently occupy rocky areas or steep inclines.

A number of workers have studied harvester ants with the objective of
control or eradication. The bionotnics of a related species, Pogonomyrmex
occidentalis (Cresson), has been studied (Lavigne 1969; Rogers 1974). The
only noneconomic works on P. maricopa deal specifically with oxygen con-
sumption under laboratory conditions (Ettershank and Whitford 1973) and

" home range orientation (Holldobler 1974).

A study was initiated in 1973 to examine the bionomics of P. maricopa in
the valley floor habitats of Guadalupe Mountains National Park. The study
is being conducted in two phases. Phase one, presently underway, is a study
of nest and colony activities, including nest structure, reproductive cycle,
foraging behavior, and the effect of abiotic factors on foraging. Phase two
will focus on the energetic requirements of the species.

STUDY AREA, The study area chosen for phase one is the floor of West
Dog Canyon along the northern boundary of the park. The site was chosen
for the following reasons: its vegetative cover appraximates that found on
most valley floors within the park; it has numerous ant colonies; a deep
ravine runs through the center of the site that facilitates excavation of
adjacent colonies; the site is easily accessible.

METHODS. Observations were made and colonies were excavated during
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April, May, June, July, August, and October 1974. Colonies chosen for
excavation were located within 5 ft (150 cm) of the ravine. They were reached
by digging laterally from the ravine wall toward the colony. Nest structure
was mapped and the number of eggs, larvae, pupae, workers, and inquilines
in each chamber was recorded.

Foraging activity periods and rates were determined by selecting three
colonies for observation during their above-ground activity period each day,
Foraging ants leaving the mound during a 5-minute period were counted at
hourly intervals. The soil surface temperature during each count period was
recorded.

Forage materials gathered were determined by aspirating each returning
forager into an empty vial; aspirated ants generally responded by dropping
their booty. The booty of each ant was placed in a separate envelope. One
hundred returning ants were taken during the July, August, and October
study periods. Booty was separated into six categories—dry twigs, dirt and
pebbles, seeds, living plant material, arthropod parts, and bird feces.

The influence of abiotic factors on above-ground activity was observed
during all phases of the study. Initial observations suggested that above-
ground activities of P. maricopa are influenced largely by temperature.

RESULTS AND DISCUSSION. Pogonomyrmex maricopa constructs a
dome-shaped mound surrounded by a bare area of 4 to 10 ft (120 to 300 cm)
in diameter. The moundis constructed from excavated soil supplemented
with twigs, pebbles, and miscellaneous particles returned by foraging
workers. Completed mounds stand 12 to 18 in. (30 to 45 cm) high and range
from 24 to 30 in. (60 to 75 ¢m) in base diameter.

Very young colonies lack the characteristic mound and bare area. They
surround their nest entrance with twigs and debris. As excavation and ex-
pansion proceed, the mound slowly becomes more typical in appearance.
Mounds are evident in second year colonies. The development of the bare
area corresponds with the construction of the mound.

The nest entrance is located usually 2 to 3 in. (5 to 7.5 cm) above the base of
the east-facing mound surface. Occasionally, a nest has two separate
entrances. If so, they are close together and open into the same gallery. The
entrance is roughly circular and large enough to accommodate two or three
ants simultaneously. The position of the entrance facilitates warming in the
early morning and shading in the late afternoon. This allows workers to
begin foraging early in the morning and to resume foraging earlier in the
afternoon,

In 1974 severe drought conditions existed until July, disrupting normal
mound maintenance. During the drought period, many nest entrances were
broken open, exposing entire galleries. Such openings never were closed at
the end of daily above-ground activity. After the advent of rains in July,
entrances were repaired. Subsequently, all entrances were closed each day
when foraging was terminated. ‘
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Fig. 1. Nest structure and underground distribution of P. maricopa in West Dog
Canyon, Guadalupe Mountains National Park, 1974.

The mound and the first 12 to 16 in. (30 to 40 cm) below it are honey-
combed with dome-ceilinged, flat-floored chambers. Below the honey-
combed area, two or three main vertical shafts extend downward to a depth
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of 42 to 78 in. (105 to 195 cm) below the mound entrance (Fig. 1). The dis-
tance between chambers along the first foot of the vertical shafis is usually
less than 2 il‘l\. (5 cm). At lower depths, the chambers are separated by as
much as 10 to 12 in. (25 to 30 cm). Vertical shafts usually dead end, but some-
times merge with an adjacent shaft. The largest chambers were found in the
mound and near the bottom of the nest.

TABLE 1. Population of Pogenomyrmex maricopa nests excavated in West Dog Canyon,
Guadalupe Mountains National Park, 1974,

P?}‘;"I@fn 20April 11May  9June  9July 7 August 19 October
Eggs 40 121 73 103 3 0
Larvae 51 328 278 (331 470 46
Pupae 0 1] 83 1104 393 1]
Workers 13,816 5932 1505 3148 3442 2958
Total 13,507 6381 1939 5789 4308 3004

Although colonies with approximately equal mound and base area size
were selected for excavation, populations varied greatly (Table 1). There
seems to be no correlation between mound size and ant numbers in colonies
2 years old or older. Growing colonies sometimes abandon nests in favor of
nearby, larger vacant nests. The age structure of each nest population exca-
vated was recorded (Table 1). Reproductive activity had begun prior to the
first excavation as indicated by the presence of eggs and larvae in the nest.
Pupae were encountered first on 9 July; no teneral adults were present. It is
interesting to-note that egg production peaked during June. The number of
both larvae and pupae were greatest in July. Winged adults were present in
July and appeared above ground in large numbers at the time of the first
rains. Reproduction declined sharply during the latter part of the summer as
reflected by egg, larval, and pupal populations encountered during August.
By October, the only immatures present were a few larvae scattered through-
out the nest. The nest excavated on 19 October 1974 (Fig. 1) was typical both
in structure and population distribution.

All arthropods encountered during nest excavation were collected and
returned to the laboratory. Many were common associates of ants (Wilson
1971). Inquilines covered in the following discussion are recorded from the
nest of Pogonomyrmex spp. for the first time. Two species of beetles,
Echinocoleus n. sp. {Coleoptera: Leptodiridae) and Limulodes n. sp.
(Coleoptera: Limulodidae), were encountered in the deeper areas of every
nest. Both species usually were found in galleties packed with eggs and lar-
vae. Limulodes were found clinging to many of the eggs and larvae.
Echinocoleus specimens were found running about the gallery floors.
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Abandoned trash and storage galleries in the honeycomb area
occasionally were inhabited by larvae of Collops sp. (Coleoptera:
Malachiidae). Collops larvae are predaceous and probably feed on
scavengers associated with these galleries. Another insect found in the
honeycomb area was the larva of Gonasida elata (LeConte) (Coleoptera:
Tenebrionidae), which apparently spends its entire larval life burrowing
through the mound.

Foraging activity is affected strongly by surface temperature. The nest
entrance usually is uncovered and the first workers emerge when the surface
temperature at the nest opening reaches 21 to 23°C. Activity increases until
the surface temperature reaches 40 to 45°C and decreases sharply at
temperatures above 46° C. Activity is reduced greatly at temperaturesabove
571°C.
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Fig. 2. Foraging activity and soil temperatures at hourly intervals on a clear day in
West Dog Canyon, Guadalupe Mountains National Park, 5 July 1974. Dashed line,
temperature; solid line, numbers of ants.

On clear days foraging usually wasterminated by 11 a.m. and began again
when temperatures dropped to the 48 to 52°C range (Fig. 2). Afternoon
activity ceased when temperatures dropped to the upper 20s. This bimodal
pattern of daily activity did not occur on cloudy days when the soil surface
was exposed only to brief periods of direct sunlight (Fig. 3).

It was noted on several occasions that rain caused the cessation of foraging
activity. During light rain, workers stopped leaving the mound; foragers
returning with booty were unaffected. During heavy rains, foragers returned
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Fig. 3. Foraging activity and soil temperatures at hourly intervals ona cloudy day in
West Dog Canyon, Guadalupe Mountains National Park; 6 July 1974. Dashed line
temperature; solid line, numbers of ants.
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directly to the nest. Termination of light rain brought a return of normal for-
aging activity. During the first drought-breaking rains of July, large num-
Fers of workers massed around their nest entrances, where they imbibed
water for several minutes at a time. Such behavior did not occur during sub-
sequent rains in July and August,

Foraging patterns suggest that populations in the study area forage from
their mounds in all directions. Ants generally cross the bare area by fairly
well-defined routes, which lead in four or five directions. Beyond the bare
area, movement becomes less directional. Foraging distances sometimes
extend as far as 41 ft (12.3 m) from the nest entrance. However, most forage
excursions did not extend more than 16 to 20 ft (4.8 to 6 m) from the
entrance. Foraging is terminated when the first acceptable booty is
encountered. Returning ants usually follow a more direct route.

Booty returned by foraging ants during the early afternoons of 9 July, 3
August, and 18 Qctober were collected and analyzed. On 9 July a few days
after the rainy season had begun, insect parts comprised 35% of the material
returned, whereas seeds accounted for 54%. Twigs and pebbles accounted
for only 8%. On 3 August, seeds and insect parts accounted for only 32% of
the booty; twigs and pebbles comprised 68%. Mound repair appeared to be
the. prime function of workers visible during the study period. On 18
October, the colony was engaged in gathering provisions. Sixty-two percent
of the material returned was seeds, whereas insect parts comprised only 29.
Twigs and pebbles accounted for 35%.

Observations made over the entire season suggest that seeds are gathered
whenever they are available, and that most plants within the forage range are
utilized. Insect parts comprise a substantial part of the forage material only
after the initial summer rains, which trigger a flush of insect emergence,
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Twigs, dirt, and pebbles are gathered most frequently during late afternoon.
These materials are applied directly to mound-building or repair.
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. Limnology of McKittrick Creek,

Guadalupe Mountains National Park

0

I MecKittrick Creek is an unusual aquatic ecosystem. It is a completely
isolated system surrounded by the Chihuahuan Desert and arid mountains
of southern New Mexico and western Texas. Such isolation has resulted in
relatively little human impact until its inclusion into Guadalupe Mountains
National Park. McKittrick Creek is a significant part of the park which has
been described as “an island in the sky.” Within this canyon, several small,

I relict communities persist. Such isolated systems have much appeal to the
scientist concerned with community evelution and dynamics. The imminent
threat to such microcosmic natural laboratories by park development and
visitor use prompted the aquatic surveys reported here. Financial support
for this second visit to the canyon was provided by the National Park Service
preliminary to development of the Master Plan.

'WEN T. LIND, Baylor University, Waco, Texas

I DESCRIPTION OF THE CREEK-CANYON HABITAT

McKittrick Creek is a small, discontinuous, spring-fed stream with two

main branches. Situated primarily in the sharp limestone canyons of Guada-
I lupe Mountains National Park, Culberson County, Texas, with a small sec-

tion in Lincoln National Forest, Eddy County, New Mexico, the principal
direction of flow is easterly, cutting through the Permian limestone of the
Guadalupe escarpment where surface flow ends (Fig. 1). This aquatic sys-
tem provides a unique and isolated resource in the midst of an arid region.
The creek and its several associated springs and seeps produce a moderation
of the canyon climate that permits more water-requiring species of ter-
restrial life to exist. In the protected canyon, woody vegetation includes
Juniperus, Quercus, Acer, Juglans, Pinus, and Arbutus. Some stream-side
alligator junipers and ponderosa pines reach diameters of 1 m.

For the purpose of this study, the McKittrick Creek system is divided into
three naturally identifiable zones. These are as follows: North McKittrick
Creek, with surface water flow in both New Mexico and Texas and its south
fork with the principal spring originating here; South McKittrick Creek,
from the confluence with North McKittrick Creek to its large headwater
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Fig. 1. Map of the McKittrick Creek portion of Guadalupe Mountains Nationa‘
Park, Texas, and adjacent parts of New Mexico showing location of sampling sites. I

tanks; and McKittrick Creek downstream from the confluence of the north I
and south forks to a point of final subterranean disappearance. A wind-mill

well is at the mouth of the canyon and assumed to be pumping from t
subsurface creek flow.
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I Surface flow is usually over a travertine bed of varying thickness, and the
intermittent creek flow is usually associated with breaks in this bed. Regions
of surface flow are indicated in Fig. 1.

l I have defined three physically as well as biologically different habitats in
McKittrick Creek. The first, identified as a run, is a reach of water of up to 15
cm deep. It has a smooth surface film or, at most, evenly spaced swells. The

I usual bottom substrate in a run is cobblestone from 5 to 10 cm diameter.
Macro-algae, principally Spirogyra, are often attached, Finely divided

rganic detritus is deposited among the stones. The second habitat type, the
ffle, has a steeper gradient than the run. The water depth is usually less than
5 cm. The substrate grades from 15 cm diameter cobblestones at the head to
small gravel or even sand at the tail. Riffles are quite short, rarely exceeding 2
m in length. They are typically free of attached macro-algae and organic
matter deposits. A pool, the third habitat type, does not indicate standing
water, but defines a wider and deeper portion with slow, usually impercepti-
ble current. These range up to 5 min width and 2 m in depth. The substrate
rades from sand to silt. Large deposits of fine organic detritus are present.

.he bottom frequently has well-developed beds of Chara with marl forma-
tions.

The stream-bed gradient is slight in the lower canyon as it is in North
McKittrick Creek up to the south fork, and in South McKittrick Creek upto
the abandoned Grisham-Hunter Lodge (Fig. 1). The water course of North
McKittrick Creek (Stations A and B, Fig. 1) below the south fork is the most
exposed in a broad, open canyon. The south fork of North McKittrick Creek

I is well shaded by woody and herbaceous vegetation with maidenhair ferns
(Adiantium capillus) providing much cover. Protective stream-side vegeta-
tion of the main canyon and of the portion of South McKittrick Creek below

l the Grisham-Hunter Lodge is dominated by saw-grass {Cladium
jamaicense) as well as deciduous trees. Above this point, South McKittrick
Creek has less protection by woody vegetation but several reaches flow
among large boulders and are shaded with maidenhair fern.

METHODS
Data and observations contained herein are based on a series of visits. The
first was November 1967, followed by visits in May 1969, April 1971, and
ovember 1972,
Collection stations were selected to provide a sampling of each major
habitat type as well as stream portions having real or potential human
' impact.
Most chemical analyses were done in the field using the Engineer’s
Laboratory, Hach Chemical Co. Specific conductance and total residue
I were determined according to Standard Methods for the Examination of
Water and Waste Water (Am. Public Health Assoc. 1965, 1971). Iron,
opper, lead, and zinc contents were determined by atomic absorption and
otal organic carbon, by combustion and infrared analysis.
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Quantitative benthos samples were by Surber sampler with 3 square ftl
sampled at each station. Qualitative samples were by sweep net and hand-
picking. Fishes were collected by habitat seine. Plankton from the rock
tanks were collected with a 20-mesh Wisconsin net. Identification of mostl

of the vascular aquatic plants and aquatic-associated plants was confirmed
by Helen and Donovan Correll. Mosses were identified by L. J. Gier,
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RESULTS AND DISCUSSION l
Physical and Chemical Properties

Because of the intermittent nature of McKittrick Creek, water tempe
tures do not have a continuous, gradual rise downstream. The spring sourc
of North McKittrick Creek’s south fork (station C) was coolat 15and 16°C.
In the open, shallow, travertine-lined tanks downstream (station B), this rose
to 20 and 25° C, then dropped, after further subterranean flow,to 14°Cat thel
last downstream station (A) (Table 1). This same irregular pattern of
temperature was followed in South McKittrick Creek.

The water chemistry reflects the limestone substrate of the region. This is _

well-buffered calcium carbonate-magnesium carbonate system with
greater calcium to magnesium ratio in the water of South McKittrick Cree
than in North McKittrick Creek. Bicarbonate is the principal anion in both
crecks. In the more exposed waters, high rates of photosynthesis deplete the
carbon dioxide-bicarbonate system with a consequent rise in pH and the
production of the insoluble carbonate ion resulting in heavy marl forma-
tion. Sulfate, the other anion present in significant quantities, is slightly
more abundant in South McKittrick Creek water than in North McKittrickl
Creek water,

Dissolved oxygen concentrations at all sampling stations, except the
uppermost tank at station 8 of South McKittrick Creek, were always con-l
siderably greater than those shown to cause stress on any forms of aquatic
life. This is to be expected in the relatively cool, shallow, and flowing water.
However, when taken as a percentage of saturation, South McKittrick
Creek waters always were less saturated than North McKittrick Creek
waters, suggesting a greater organic matter load in the former. No diel oxy-
gen studies (the reported data being for mid-day) were conducted.
Consequently, I do not know if oxygen concentrations are significantly
lowered at night. However, the biota present demonstrate that any decr
is not to a critical concentration.

The uppermost rock tank at station 8 of South McKittrick Creek had a
mid-afternoon oxygen concentration of 0.2 mg I-1. Because of its location
and morphometric configuration, this station collected large quantities of
organic matter. The orientation of the vertical canyon walls coming directly
out of the water provides almost constant shading and protection from the l
wind. Other physical and chemical conditions associated with this sheltered,

organic-rich system were the lower temperature, low pH, and higher fr
carbon dioxide,
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I Nitrogen, phosphorus, and occasionally carbon and silica are of concern
to limnological investigations because of their confirmed role as elements
often, or occasionally, limiting the quantity of biological production. In

l well-buffered carbonate systems such as these, carbon is probably always
superabundant. Dissolved silica also was present in relatively high quanti-
ties, although there is little information available on limiting effects of silica
concentrations especially in streams. These concentrations, 6.4to 8.8 mgl-!,

I are similar to those shown to be limiting in a central Texas reservoir (Kimmel
and Lind 1972). However, they are approximately four times greater than

¢ ambient concentrations of Douglas Lake, Michigan, which I found to

F:use no limitation (Lind, unpublished). The dissolved silica concentration
of any water is inversely related to the population size of active diatoms.
Though not sampled, diatom populations in both forks of McKittrick Creek
were large, as evidenced by the color and texture of the rock and travertine
substrate. It is probable that a large portion of the silica present in these
samples was tied up in the silicon tests of active diatoms. The high concen-
tration of dissolved silica at station B probably indicated the decline of a

.large diatom population in the travertine runs immediately upstream.

Nitrate-nitrogen concentrations increased downstream in South
McKittrick Creek from undetectable at the upper rock tank to 0.35 mg 1-!
at station 3 below the Grisham-Hunter Lodge. The threefold increase at

I station 3 over station 5 above the lodge causes one to suspect human sources,
possibly septic seepage associated with the lodge. The high concentration of
nitrate-nitrogen in the spring water of North McKittrick Creek is not

I unusual for many springs of the region. Three nearby springs on the east face
of the Guadalupe Mountains were analyzed during the 1971 study. These,
Manzanita,Choza, and Upper Pine springs, had nitrate-nitrogen con-
centrations of 20, 50, and 50 mg 1-!, respectively. These concentrations
approach or exceed the recommended drinking water limit of 45 mg 17!
established by the American Public Health Association (1971). Smith
Spring, which presently is diverted intc Manzanita Spring, had a much

l lower nitrate-nitrogen content of 0.46 mg 1-1.

Phosphate-phosphorus concentrations were measured at stations 3 and 5
to gather further data on possible human impact. The results were similar to
those of nitrate-nitrogen. The downstream station had a phosphorus con-
centration 5 times greater than the upstream.

Little is' known about normal concentrations of heavy metals in non-
poluted waters. Riley {1939, cited by Hutchinson 1957) found the range

I of copper of Connecticut lakes to be from 0.009 to 0.215 mg 1-'. Atkins
(1933, cited by Hutchinson 1957) found 0.0 t 0.036 mg1-! in several English
rivers. A small central Texas reservoir had a mean concentration of 0.06 mg
17! (Lind 1974). Several springs in Big Bend National Park, Texas, had
copper concentrations of 0.03 to 0.04 mg I-! and Tornillo Creck had a range
from 0.02t0 0.03 mg 1-! (Lind and Bane, unpublished). Itis probable that the

rvalue of 0,02 mg 1-1 for all sampled stations in the McKittrick Creek system
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is not exceptional. Hutchinson (1957) cited several authors regarding the
toxic copper concentrations for a variety of aquatic life. The McKittrick
Creek values are all less than any reported toxic concentration.

Hutchinson (1957) suggested that zinc, though little studied, is probably- l
present in quantities equal to or greater than copper. The zinc concentration
of McKittrick Creek waters is less than copper and of the same order of
magnitude and in the same copper: zinc ratio as found by Morita (1955, cited
by Hutchinson 1957) for high Japanese lakes. The smail central Texas
reservoir had a mean zinc concentration of 0.1 mg 1-! (Lind 1974) or
approximately double the copper concentration. Concentrations in Tornill
Creek were 0.01 to 0.02 mg 1-!, one order of magnitude greater than in
McKittrick Creek. It appears from this that ambient zinc concentrations in
McKittrick Creek are exceptionally low. The concentration of lead was
below the detection limits of our instrumentation (1 mg 1-). This is con- l

sistent with very limited data available on this element. The total iron
values, 0.02 mg 171, are, as with zinc, approximately one order of magni-
tude low when compared to data for Swedish lakes (0.09 to 0.160 mg -1
(Rodhe 1948), for Lindley Pond, Connecticut (0.170 mg 1-1) (Hutchinsor‘
1957), for a small central Texas reservoir (0.30 mg 1-1) (Lind 1974), and for
Tornillo Creek (0.1 to 0.2 mg 1-1)(Lind and Bane, unpublished).

The Biota

The aquatic and streamside flora of the creek is varied, most are
perennials. The transition from aquatic-associated plants of the narrow can-
yon floor to the xerophytic forms of the canyon sides is abrupt. The criterion
for inclusion as an aquatic associated plant in Table 2 was the listing of that
taxon in Aquatic and Wetland Plamts of Southwestern United States
{Correll and Correll 1972),

TABLE 2. Stream-side and aquatic plants of McKittrick Canyon, Guadalupe Mountains
National Park.

Equisetum laevigatum (Horsetail) Agrostis semiverticillate (Bentgrass)

Adigntum capilius (Maidenhair fern) Leersia sp. (Cutgrass)

Bryum turbinatum (Turbin moss) Glyceria striata (Fowl Manna-Grass)

Hygroamblystegium irriguum Rorippa naturtium-aquaticum (Water Cress)
{Spring moss) Aquilegia chrysantha (Columbine)

Potomageton illinoensis (Pondweed) Galium microphyllum (Bedstraw)

Eleocharis montevidensis (Spike rush) Valeriana texana (Valerian)

Cladium jamaicense (Sawgrass) Senecio sp. {(Groundsel)

Carex microdenta (Sedge) Najas sp. (Water nymph)

Carex hystericina (Porcupine sedge) Spirogyra sp.

Juncus interior (Rush) Chara sp. (Stonewort}

Juncus dudleyi (Rush) Nitella sp. (Stonewort)
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With a few exceptions, the fauna is typical of more northerly, spring-fed
streams, This supports the hypothesis of a relict biota, left inisolation by the
northerly retreat of montane climates and associated biotic communities.
The three species of fish (Table 3) were apparently imported by the earlier
landowners for sport fishing. The yellow-belly sunfish (Lepomis auritus) is
at the limit of its known natural range. The green sunfish (L. cyanellus) was
probably a contaminent of this sunfish stocking. The rainbow trout (Salmo
gairdneri) has been successful in the creek although not reaching large sizes.
Populations of trout were found at the lower downstream stations where the
water temperatures exceed those in which trout are capable of effective
reproduction. It is probable that these represent a downstream wash at
periods of high water, and the spawning must be restricted to the colder
upstream portions.

The rock tanks at the head of South McKittrick Creek with cold, some
with low oxygen waters, though depauperate in benthos, had an interesting
plankton fauna. Quantative samples were not taken but dense populations
of three species were present. Ecrocyclops phaleratus stores large quantities
of orange-yellow oil droplets. This is in the same manner as arctic copepods
as well as those observed by me in alpine lakes of the Rocky Mountains, This
is not to be confused with a pink carapace pigmentation also observed in
some high-alttude species. This oil pigmentation, as well as the dense
population, contributes an orange hue to the water which may at first be
attributed mistakenly to organic matter stain. It would be extremely
interesting to determine the source of inoculation of these plankton into this
uppermost tank,

Several detritus-associated taxa are common in the tanks and pools
holding leaf litter. Ostracods are abundant, especially at station 4 where the
population exceeded 2300 organisms m2(Table 3). This is also the station
that experiences the suspected nutrient enrichment. Station 4 also had the
maximum planaria population density. The amphipod, Hyalella azteca, was
present throughout except at the lowermost station 5. The horsehair worm,
Gordius sp., is restricted to organic rich pools of middle to upper South
MecKittrick Creek and has been found in small numbers on each of the
sampling dates.

The insect fauna (Table 4) collected consisted primarily of larval or pupal
stages. With a few exceptions, no effort to identify beyond family was made.
Seven families of Diptera were found in South McKittrick Creek and five, in
the smaller North McKittrick Creek. At least five recognizable genera of
Tendipedidae (Chironomidae) were found. Simulium sp. populations in the
riffles were large, exceeding 18,000 organisms m2 at station 3. Tendipedids
were found throughout the system, with one genus being found in sub-
stantial numbers at all quantitative stations.

Trichoptera were present in all but the swiftest water throughout. Two,
Notiomxia sp. and Genus A (Ross), were found only in North McKittrick
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Creek. Helicopsyche sp., Hydropsyche sp., Agraylea sp., and Athripsodes
sp. were present only in South McKittrick Creek. Damselflies (Zygoptera)
and dragonflies (Anisoptera) were found in both systems. Archilestes sp. was
found only in North McKittrick Creek, whereas Argia sp. was common in
both systems. The seclusion of dragonfly larva in bankside vegetation and
the method of sampling could have led to the low population estimates of the
libellulids. Baetid mayflies (Ephemeroptera) were in all stream zones, with
Choroterpes sp. present at all quantitative stations. Larval and adult
beetles were present throughout in the qualitative samples as was the
hemipterian, Belostoma sp. Subsequent to my last collection, Harley P.
Brown (pers. comm.) has collected in the lower canyon and has identified
three dryopid beetles (Helichus confluentus, H. saturalis, and H.
triangularis), four elmids ( Elsianus sp., Heterelmus obesa, Microcylloepus
sp., and Neoelmis sp.), one limnichid (Lwtrochus luteus), and represen-
tatives of Gerridae, Naucoridae, and Veliidae.

The occurrence of several southerly range extensions of insects supports
the concept of a relict fauna. Psephenus sp. is normally found to the north-
east of the McKittrick region. The odontocerid caddisfly, known only as
Genus A by Ross, has been described only from northern California, and the
georyssid colopteran, Georyssus sp., is reported from the northern Rocky
Mountains.

TABLE 5. Mean, maximum, and minimum species diversity of six quantitative sampling
stations, 1969 and 1971, McKittrick Creek, Guadalupe Mountains National Park.

Sampling 1969 1971
Station Mean Maximum Minimum Mean Maximum Minimum

A - - - 2.5 3.2 0.2

C - - - 2.5 4.0 0.2

2 2.9 8 0.5 - - -

3 (niffle) 1.7 39 0.1 29 36 0.2

4 3.0 4.3 0.3 - - -

5 2.6 4.1 0.2 10 36 0.2

7 - - - 2.0 31 0.1

Species diversity indices reflect community stability. A low index sug-
gests either a youthful, very small, or a disturbed system. Disturbances,
natural or manmade, tend to bring about a decrease in the index. Most
diversity data for McKittrick Creek (Table 5) are rather high, especially con-
sidering the small size of the creek habitats. Because benthos are relatively
permanent (until their life cycle is complete) inhabitants of stream systems,
they are continuous monitors of any stresses placed on the system. Changes
in their diversity provide a means to detect stresses that may be missed by
periodic sampling of biological, chemical, or physical parameters.
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Stations 3 and 5 were sampled for diversity in both 1969 and 1971, There
was a slight (though probably insignificant, ¢f, maximum and minimum)
increase in 1971. The increase at station 3 in 1971 may be attributed to the
fact that this riffle is immediately below a ford crossing used by accasional
jeep traffic up to about 1970. It is advisable to continue monitoring for
changes in diversity as an expression of environmental degradation.

The standing crop of stream organisms is not usable for evaluation of
water quality because large populations of more tolerant organisms may
exist even under stress. However, it does provide insight to the quantity of
organic nutrients available, These may be available as either allochthonous
detritus or autochthonous production. Generally, small aquatic ecosystems
are more dependent upon the former. This is probably true of McKittrick
Creek as the canyon topography provides “funneling™ of the downhill-mov-
ing plant production to the stream. However, the large beds of stream-side
Cladium jamaicense, Chara sp., and Spirogyra sp. in the pools and runs, as
well as the large diatom populations, each contribute significantly to the
food base.

No biomass data on benthos were gathered. Numeric standing crop data
were high. The mean for all South McKittrick Creek stations is approxi-
mately 7000 organisms/m-2, with a maximum for station 3 of 20,000
organisms/ m'2, These numbers are high when compared with data given by
Macan (1963) who reported mean numeric standing crops of English
streams to be from 3000 to 5000 organisms/ m-2.

The results of these studies confirm that the McKittrick Creek ecosystem
is a unique and valuable resource. The opportunity for scientific discovery
here is great. Sound, carefully regulated research activities should be
encouraged as there is yet much to know about the structure and dynamics of
this stream.
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lThé Quaternary Vertebrate Fauna of
0 Upper Sloth Cave, Guadalupe
lMounmins National Park, Texas

P

LLOYD E. LOGAN and CRAIG C. BLACK, The Museum,
Texas Tech University, Lubbock

Upper Sloth Cave is located in the extreme northwestern corner of

Culberson County, Texas, at an elevation of 2000 m and approximately 2.5.

mi. northwest of Guadalupe Peak. Vertebrate material obtained from

excavations of Upper Sloth Cave provides an excellent opportunity to study

the vertebrate faunal evolution of the southern Guadalupe Mountains from

approximately 13,000 years Before Present (BP) to the present. A previous

excavation of Upper Sloth Cave, then called High Cave (Mera 1938),

yielded few vertebrate remains, but some perishable archaeological

material was found. Previous work in the southern Guadalupe Mountains

I has shown that the Sangamonian-Wisconsian faunas contained extinct

genera such as Nothrotherium (Ayer 1936, Van Devender et al. 1977a) and

extant genera such as Marmota (Stearns 1942; Schultz and Howard 1935)

l and Sorex (Harris 1970b; Logan 1975) that are found only farther north, at

higher elevations, or in more mesic habitats than now exist in the southern
Guadalupe Mountains.

METHOD OF STUDY

The bones of the vertebrates were identified to the lowest possible

taxonomic level. Specific identifications of most mandibles and maxilla with

l teeth were possible. Because of the extremely fragmentary nature of most of
the postcranial material, identifications were not attempted except on the
Serpentes.

The habitat preferences and environmental interpretations are based on
modern literature reports regarding the species represented in the cave
deposits.

The vertebrate specimens are cataloged in the vertebrate paleontological
collections of The Museum of Texas Tech University (TTU-P), Lubbock,

141
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under the locality number TTU-TEX-2. The molluscan fauna (Table 1) is
deposited at the Dallas Museum of Natural History.

TABLE 1. Mollusca from Upper Sloth Cave.

Taxa Depth in cm
0-10 10-20 20-30  30-40

Discus cronkhite X
Gastrocopta ashmuni

G. peliucida parvidens
Glyphyalinia indentata paucilrata
Helicodiscus eigenmanni

H. 5. singleyanus

Holospira pityis

Holospira sp. (immature)
Metastoma roemeri roemeri
Oreohelix socorroensis socorreonsis
Oreohelix sp. X
Pupilla blandii

Pupilia sp. (immature)
Rabdotus sp. (immature)
Succinea sp. (immature)
Vallonia sp. (immature)
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PRESERVATION OF BONE
The bones of Upper Sloth Cave are well preserved with little or no

mineralization, but with a high degree of breakage. The fragmentary nature

of the bones and the fact that very little material present is larger than a jack- l

rabbit suggest that the major bone accumulations were by small mam-

malian carnivores and predatory birds, although some of the mammals, such

as Neotoma and Bassariscus, certainly live in and around the cave today. l

STRATIGRAPHY

Two trenches were excavated in the front chamber of Upper Sloth Cave
(Fig. 1) during the summer of 1974. Due to the very different nature of the
deposits, the only correlation between the two trenches is based upon the
appearance of Sorex cinereus and Cryptotis parva in the 30 to 40 cm level of
trench 1 and in the 10 to 20 cm level of trench 2 (Table 2). The 30 to 40 cm
level of trench | has been radiocarbon dated at 11,7602610 BP (A-1519), on
artiodactyl fecal pellets from an adjacent, but previously excavated, trench
(Van Devender et al. 1977a).

Trench 1, located near the west wall, shows the following stratigraphic
units. Unit 1 is from the surface to a depth of 15 cm where it makes a
hummocky and somewhat blended contact with unit 2, Unit 1 is composed
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TABLE 2. Mammals from Upper Sloth Cave.

Taxa Depth in cm
Trench 1 Trench 2
0-10 10-20 20-30 30-40
Sorex cinereus 30-40 X

Cryptolis parva 10-20 X
30-40

Notiosorex crawfordi

Myotis velifer

Myotis sp.

Lasionycteris noctivagans

Eptesicus fuscus

Plecotus townsendi

Antrozous pallidus

Nothrotherium shastense 25-45
Sylvilagus sp.

Lepus sp.

Marmota flaviventris

Spermophilus variegatus

Thomomys boltge

Pappogeomys castanops

Peromyscus spp.

Peromyscus eremicus

Neotoma cinerea

Neotoma mexicana

Neotoma albigula

Neotoma micrapus

Microtus mexicanus X
Bassariscus astutus X
Mustela frenata Surface of a spoil heap near trench 2
Felis concolor X

X X X

E

MM KK M K
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of many cobble and gravel-sized limestone fragments, much plant material,
limited archaeological material in the form of quids and charcoal frag-
ments, and much fine grey dust. Small artiodacty! fecal peliets are present,
but other vertebrate material is sparse. Unit 2 differs from unit 1 in that the
archaeological material and most plant material are absent. The dust is more
of a reddish tan, but not the typically red clays of most cave deposits. Unit 2
lies from 15 to 25 cm below the modern surface of the cave and makes a
rather sharp but hummocky contact with unit 3. Unit 3 lies from 25to 45 cm
below the surface and is composed primarily of dung balls of Nothrotheriops
shastense (Shasta ground sloth) in various stages of decomposition (Van
Devender et al. 1977a). The majority of identifiable vertebrate remains
found in this trench are from stratigraphic unit 3 at the 30 to 40.cm level and
consist primarily of mandibles of Sorex cinereus and Cryptotis parva. Also
present in unit 3, and increasing in mass toward the center of the chamber,
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are sticks and small logs of Pinus edulis (limber pine). Unit 3a is an ap-
parently wind-accumulated layer of leaf litter at the 40 to 45 cm level. This
unit is present only in a local area in the east end of the trench directly under
the largest concentration of small pine logs. One partial skull and associated
mandibles of Sorex cinereus were recovered from this unit. Unit 4 consists of
limestone cobbles averaging 20 cm in diameter, with the reddish dust filling
the cracks between the rocks. Little vertebrate material was recovered from
the 45 to 70 cm levels. Trench 1 was terminated at this level.

Trench 2, located at the mouth of a small passage on the east side of the
main chamber (Fig. 1}, contains the following stratigraphic units. Unit |,
from the surface to 6 or 7 cm, is composed of a dry, grey dust mixed with
many pieces of broken flowstone. Fragmentary vertebrate material is
extremely abundant. Unit 2 is a calcite cement layer up to 3 cm thick along
the walls of the passage, but interrupted toward the center of the passage.
Some vertebrate material is incorporated within the cemented matrix. Unit 3
is from 6 to 10 cm below the surface of the trench to a depth of approxi-
mately 40 cm, and is composed of a typically reddish and slightly damp clay
fill with many gravel-sized limestone fragments. Vertebrate material is
extremely common throughout the trench, but nearly all of it is of a frag-
mentary nature.

SPECIES ACCOUNTS

Sceloporus poinsetti Baird and Girard, Crevice Spiny Lizard

Material —Right dentary (TTU-P-8312); right maxilla (TTU-P-8313).

Discussion.—S. poinsetii is a relatively common lizard in the vicinity of Upper Sloth Caveand
is found throughout the rocky, arid areas of the southern Guadalupe Mountains. §. poinsertf
does not indicate any change from present environmental conditions.

Sceloporus undulatus (Latreille), Eastern Fence Lizard

Material. —Two right dentaries (TTU-P-8315-8316); seven left dentaries
(TTU-P-8317-8323); four left maxilla (TTU-P-8324-8327), five right maxilla
(TTU-P-8328-8332). :
Discussion.—S. undulatus has previously been reported only twice from prehistoric localities in
the southwestern United States (Holman 1970; Gehlbach and Holman 1974). §. undularus isan
abundant lizard in the vicinity of Upper Sioth Cave and occurs in all biomes of the southern
Guadalupe Mountains. This species is not useful as an ecological indicator because of its
ecological plasticity.

Urosaurus ornatus Baird and Girard, Tree Lizard

Material —Four left maxilla (TTU-P-8334-8337); five right maxilla (TTU-P-3338-8342);
seven left dentaries (TTU-P-8343-8349); six tight dentaries (TTU-P-8350-8355).
Discussion.—U. ornatus occurs in a wide variety of habitats in the southern Guadalupe Moun-
tains today and is extremely common in the vicinity of Upper Sloth Cave. The wide range of
habitats occupied by this species makes it nearly useless for climatic interpretations.
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Eumeces cf. E. multivarigatus Hallowell, Many-lined Skink

Muarerial —Fragmentary left maxilla (TTU-P-8375).

Discussion.— E. multivarigatus has previously been reported from Pratt Cave (Gehlbach and
Holman 1974) where it represented the ficst record of the species from a southwestern prehis-
toric locality. £. muftivarigatus is a faifly common inhabitant in some portions of the southern
Guadalupe Mountains and does not indicate any climatic change,

Thamnophis sp. Fitzinger

Maierial —One precaudal vertebrae (TTU-P-8368).

Discussion —Thamnophis is generally considered to be primarily a mesic-adapted genus (Raun
1965; Gehlbach and Holman 1974). The presence of this genus on the west face of the
Guadalupe Mountains indicates either more mesic conditions or transportation of the material
from place of origin to place of deposition.

cf. Diadophis punctatus (Linnaeus), Northern Ringneck Snake

Material. —One precaudal vertebrae (TTU-P-8372).

Discussion.—D. punctatus is usually considered a woodland species (Raun 1965). This single
specimen (Table 3) may represent transportation from the forested area approximately 450 m
above the cave, or it may represent a depression of the woodlands to the elevation of the cave as
suggested by Van Devender et al. (1976b)

TABLE 3. Reptiles from Upper Sloth Cave.

Taxa Degth in ecm
0-10 10-20 20-30 30-40

Sceloporus poinsetii
Sceloporus undularus
Sceloporus sp.
Urosaurus ornatus
Eumeces multivarigatus
Eumeces sp.
Thamnophis sp.
Diadophis punctatus
Coluber or Masticophis
Opheodrys vernalis

of. Salvadora

Elaphe subocularis
Arizona elegans
Trimorphodonr biscutatus
Crotalus sp.
Unidentified snake
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Coluber Linnaeus or Masticophis Baird and Girard
Material —Four precaudal vertebrae (TTU-P-8370); two precaudal vertebrae {TTU-P-8371).

Discussion.—We are unable to assign these vertebrae to either Coluber or Masticophis with
certainty. M. flagelium and M. taeniatus are found in the immediate vicinity of Upper Sloth
Cave, with the latter species being the more abundant. Brattstrom (1964) reported Coluber
constrictor from late Wisconsin deposits of south-central New Mexico, but this species has not
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been reported from the southern Guadalupe Mountains. No change from present climatic con-
ditions is indicated by this material,

Opheodrys vernalis (Harlan), Smooth Green Snake

Marerial —Three precaudal vertebrate (TTU-P-8367).

Discussion.—In Texas, O. vernalis presently is known only from Ellis, Bosque, Austin, and
Matagorda counties {Raun 1965). These specimens are the first Texas records of O. vernalis
west of the Edwards Plateau and the first confirmed record for the Guadalupe Mountains, The
presence of (. vernalis in the southern Guadalupe Mountains has been suspected for several
years, based on a description iven to Dr, John Mecham by a rancherinthe Guadalupe Moun-
tains of southern New Mexico (John Mecham, pers. comm.) In the western United States, O.
vernalis inhabits damp, grassy environments such as stream borders, meadows, and rocky
habitats interspersed with grass {Stebbins 1966). The presence of this species indicates a more
mesic environment than presently oceurs in the vicinity of the cave or possibly transportation
from place of origin.

cf. Salvadora sp. (Baird and Girard)

Material—One precaudal vertebrae (TTU-P-8373).
Discussion.—.S. grahamiae was observed within 0.5 mi. of Upper Sloth Cave during the period
of excavation. The presence of this genus does not indicate any change in climatic conditions.

Elaphe f. E. subocularis (Brown), Trans-Pecos Rat Snake

Marerial —24 precaudal vertebrae (TTU-P-8364); 10 precaudal vertebrae (TTU-P-8365), one
precaudal vertebrae (TTU-P-8366).

Discussion.—Raun (1965) listed E. suboctdaris from the Guadalupe Mountains and stated that
the preferred habitat is rocky areas at higher elevations, a condition that closely matches the
area surrounding Upper Sloth Cave. The presence of this species in the deposits does not
indicate any change from the present climatic conditions.

Arizona elegans Kennicott, Glossy Snake

Material.-—Two precaudal vertebrae (TTU-P-8369).

Discussion.—A. elegans is a common inhabitant of the desert shrub community immediately to
the southwest and approximately 500 m lower in elevation than the cave. This xeric-adapted
species indicates no change from present climatic conditions.

Trimorphodon biscutatus Cope, Texas Lyre Snake

Material —Five precaudal vertebrae (TTU-P-8374).

Discussion.—Raun (1965) listed T, vilkinsoni (=T. biscutatus vilkinsoni) from the Trans-Pecos
region of Texas, but excluded the Guadalupe Mountains. These specimens represent the first
known occurrence of 7. biscutarus from the Guadalupe Mountains. The preferred habitat is
tocky, arid, or semi-arid regions where it feeds primarily on lizards (Raun 1965}, No change in
climatic conditions is indicated by this species.

Crotalus sp. Linnaeus

Material.—27 precaudal vertebrae (TTU-P-8360); 13 precaudal vertebrae (TTU-P-8361);
seven precaudal vertebrae (TTU-P-8362), one precaudal vertebrae (TTU-P-8363), two
precaudal vertebrae (TTU-P-8377).

Discussion.—C. atrox, C. molussus, and C, lepidus are all found in the immediate vicinity of
Upper Sloth Cave. Based on the large size of the vertcbrae, these specimens most probably
represent C. atrox or C. molossus. Rattlesnakes frequently are found around the entrances of
caves and their presence in the deposit was expected. Due to the wide range of habitats occupied
by this genus, Crotafus is of little use as an ecological indicator.
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Fig. 2. Recent distribution (A) and Pleistocene occurrences {x) of Sorex cinereus
and Recent distribution (B) and Pleistocene occurrences (O) of Crypioiis parva,

cf. Tympanuchus sp. {Linnacus)

Maierial —One fragmentary sternum (TTU-P-8396).
Discussion.—This fragmentary sternum closely resembles Tympanuchus sp., but is too
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fragmentary to permit specific identification. T. pallidicinctus presently occurs in limited num-
bers on the plains to the east of the Guadalupe Mountains. This genus does not indicate any
change from present climatic conditions.

Passeriformes

Material—Abundant material.

Discussion,—These bones represent at least three taxa of passeriform birds. The majority of the
bones are of young birds and are incompletely ossified, making further identifications uncer-
tain.

Sorex cinereus Kerr, Masked Shrew

Material —Skull and Mandibles (TT1-P-8273}; two, Ry -M; (TTU-P-8274-8275); three,
LI,-M; (TTU-P-8276-8278); LILP* (TTU-P-8279); LM'? (TTU-P-8280) LM,
(TTU-P-8281); LP4-M? (TTU-P-8282); R1;-M; (TTU-P-8283), LI,-P, (TTU-P-8284);
LM, (TTU-P-8285); RI1|-M, (TTU-P-8286).

Discussion.—Sorex cinereus is differentiated from other members of the genus by a shorter and
much shallower dentary, a shortet molar row, and alower coronoid (Findley 1933). The closest
occurrence of S. cinereus today is in northern New Mexico (Fig. 2), a distance of approxi-
mately 300 mi. Specimens from the cave deposit agree closely with a modern specimen
(MALB-2684) from San Miguel County, New Mexico, that is deposited in the collections of the
Museum of Arid Lands Biology, the University of Texas at El Paso. Sorex cinereus “prefers
mesic and hydric communities from which it rarely wanders” (Findley 1953). The presence of
this species in the deposits is an indicator of more mesic conditions than presently occur in the
southern Guadalupe Mountains.

Cryptotis parva (Say), Least Shrew

Material —RI;-M; (TTU-P-8287) LI;-M: (TTU-P-8288); R1;,-M, (TTU-P-8289);
LI,-P, (TTU-P-8290).

Discussion.—C. parva has been reporied from Dry Cave, Eddy County, New Mexico, by
Harris et al. (1973), associated with a radiocarbon date of 10, 730£150 BP. This date compares
favorably with the date 11,760+610 BP { A-1513) obtained from the 23 to 30 cm level of trench 1.
This is the first record of Cryprotis parva from the Trans-Pecos of Texas and represents a
former range extension of at least 200 mi. to the southwest of its present range (Fig. 2). The
presence of C. parvain the deposits is anindicator of at least slightly more mesic conditions than
now exist in the area.

Notiosorex crawfordi (Coues), Desert Shrew

Material.—Two, Rl -M; (TTU-P-8291-8292); two, LI |-M; (TTU-P-8293-8294); rostrum
with RI-M;, LI;-M; and M; (TTU-P-8295); RM;, (TTU-P-8296); LM;
(TTU-P-8297); RM 1.3 (TTU-P-8298); RP,-M; (TTU-P-8299).

Discussion.—Specimens from Upper Sloth Cave do not differ significantly from recent speci-
mens from Garza County, Texas. N. crawfordi possibly occurs in the vicinity of the cave today
although ne specimens are known from the Guadalupe Mountains National Park. Desert
shrews are known from a variety of habitats and thus are relatively useless as climatic indi-
cators.

Myotis velifer (J. A, Allen}, Cave Myotis

Material—LM, 3 (TTU-P-B300).

Discussion.—M. velifer is larger than other American members of the genus, with the excep-
tion of the extinct M. magnimolaris{(Choate and Hall 1967). M. velifer is differentiated from M.
magnimolaris by a slightly less massive mandible and slightly smaller dentition; the greatest
crown length of M. magnimolaris has a range of 1.50 to 1.65 mm and a mean of 1.57 mm
(Choate and Hall 1967). TTU-P-8300 has a crown length of 1.47 mm on the M; and is assigned
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to M. velifer on this basis. M. velifer is a common inhabitant of caves in a wide vanety of
habitats and thus is not useful as an ecological indicator.

Myotis sp. Kaup

Material —LP --M; (TTU-P-8301); RP4-M; (TTU-P-8302).

Discussion. —Several species of small Myots are found in the immediate vicinity of the cave
today and are extremely difficult to differentiate on the basis of fragmentary material, The
presence of a small Myouis in the fauna does not reflect any change in the environmental condi-
tions.

Lasionycteris noctivagans (Le Conte), Silver-haired Bat

Material —IL.C |-M; (TTU-P-8303).

Discussion.~—L. noctivagans is a migratory, tree-dwelling bat that is also known to oceupy
caves, mines, and buildings (Schwartz and Schwartz 1959). Although L. nocrivagans is
presently an uncommon bat in the Trans-Pecos, its presence in the deposits does not necessarily
reflect any change in climatic conditions in the area. ’

Eptesicus fuscus (Beauvois), Big Brown Bat

Material —Edentulous left mandible (TTU-P-8304); LMy (TTU-P-8305).
Discussion.—The material from Upper Sloth Cave closely resembles a modern specimen from
Jeff Davis County, Texas. E. fuscus commonly inhabits caves, especially in the winter, and has
been observed hibernating in nearby caves, Its presence is not unexpected and indicates no cli-
matic change,

Plecotus townsendii { Cooper), Townsend's Big-eared Bat

Material —[.M,_y (TTU-P-8306); RM ;.3 (TTU-P-8307).

Discussion.—The above-mentioned specimens de not differ significantly from Recent speci-
miens collected in Upper Sloth Cave. During the period of 20 July 1974 1o 17 August 1974,
Upper Sloth Cave was the site of a nursery colony of P. townsendii consisting of approximately
50 individuals. Its presence in the deposit was not unexpected. The presence of P. townsendii
does not indicate any change in climatic conditions.

Antrozous pallidus (Le Conte), Pallid Bat

Material —LC(-M, (TTU-P-8308); LM3 (TTU-P-8309); RMz (TTU-P-8310).
Discussion.— A. pallidus is a rather common inhabitant of caves and mine shafts in the south-
western United States, thus its occurrence in the deposits was expected. No change in climatic
conditions is indicated by this species.

Nothrotherium shastense Sinclair, Shasta Ground Sloth

Material —Abundant dung balls from the 25 to 45 cm level of trench ] are referred to this
species (TTU-P-8259).

Discussion.—The dung of N. shastense is known from only six other North American sites—-
Rampart Cave and Mauv Caves in the Grand Canyon of Arizona; Gypsum Cave, Nevada;
Aden Crater, New Mexico; Williams Cave and Lower Sloth Cave, Guadalupe Mountains
National Park, Texas. Radiocarbon dates available for these locations are ali 11,000 YBP or
older and agree closely with the date of 11, 760+610 YBP (A-1533) on artiodactyl fecal pellets
associated with the sloth dung (Van Devender et al 1976a). No bones of N, shastense have been
recovered from Upper Sloth Cave, but the dung balls agree closely in size and texture with the
dung balls from the other North American sites (Paul Martin, pers. comm.). N. shastense is the
only extinct species represented in the deposits of Upper Sloth Cave.
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Sylvilagus sp. Gray

Materigl.—Two, LP3 (TTU-P-B379-8380); two, RP3; (TTU-P-E8381-8382).

Discussion.—S8. floridanus and S. auduboni both presently occur in the southern Guadalupe
Mountains, with the latter species being more abundant. The presence of this genus gives no
indications of climatic conditions due to the wide variety of habitats in which it is found today.

Lepus cf, L. californicus Gray, Black-tailed Jackrabbit

Material —LP3 (TTU-P-8378).

Discussion.—L. californicus is a common inhabitant of grasslands and desert areas of the
southwestern United States (Burt and Grossenheider 1964) and is a common inhabitant of the
shrub-desert community to the southwest of Upper Sloth Cave. This species does not indicate
any change in climatic conditions.

Marmota faviventris (Audubon and Bachman), Yellow-bellied Marmot

Material —RP, (TTU-P-8255). ]
Discussion.—The present closest occurrence of M. flaviventris to Upper Sloth Cave is in the
high mountain forests of northern New Mexico (Fig. 3). M. flaviveniris has previously been
reported from Burnet Cave (Murray 1957) and Dry Cave (Harris 1970b). Murray {1957}
ateributed the presence of this species at Burnet Cave (o the movement of the forests southward
and to a lower clevation than where they presently occur. This interpretation is supported by
plant macrofossils and pollen samples from the southern Guadalupe Mountains (Van Devender
etal. 1976a). In a study of a late Pleistocene fauna from north-central New Mexico, Harrisand
Findley { 1964) pointed out that M. flavivenrris occurs in other habitats and its presence in con-
junction with nonforest forms, asin Dry Cave (Harris 1970b), may indicate an open habitat that
now exists even farther to the north. Harris (1970a) suggested that a minimum winter rainfall of
at least 2 in. would probably provide enough green fodder to carry M. flaviventris through the
spring dry season. M. flaviventris is an indicator of a more mesic environment than presently
occurs in the southern Guadalupe Mountains.

Spermophilus variegatus (Erxleben), Rock Squirrel

Material —Two LP*-M? (TTU-P-8244-8245); four, RM| o2 (TTU-P-8246-8249); two,
LM, (TTU-P-8250, 8254); LM! (TTU-P-§251} RP* (TTU-P-8252); R and L P*-M?
(TTU-P-8253).

Discussion.—The material referred to this species is indistinguishable in size and morphology
from modern specimens from Culberson County, Texas. §. variegatus is a common inhabitant
of rocky areas throughout the southern Gaudalupe Mountains, and has been observed in the
immediate vieinity of Upper Sloth Cave. This species is of little value asa climatic indicator.

Thomomys bottae (Eydoux and Gervais), Botta’s Pocket Gopher

Material.— Four, LP, (TTU-P-8384-8386, 8390); three, RP, (TTU-P-8392-8393, 8387); two,
LMoer2 (TTU-P-8388-8389); RM! or 2 (TTU-P-8391).

Discussion.—T. bottae is the most abundant pocket gopher in the higher elevations of the
Guadalupe Mountains today. T. bottar accupies valleys and mountain meadows of the south-
western United States, where it prefers a loamy soil, but it also occurs in sandy or rocky soil
(Burt and Grossenheider 1964). This species is of little value as a climatic indicator.

Pappogeomys castanops (Baird), Yellow-faced Pocket Gopher

Material —LP4 (TTU-P-8383).

Discussion.— P. castanops is found primarily on the high plains and in mountain basins (Blair
et al, 1957) and is found in the Guadalupe Mountains today. This species is of little use as a cli-
matic indicator.
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Fig. 3. Recent distribution (A) and Pleistocene occurrences (x

Slaviventris,
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Peromyscus spp. Gloger

Material.— Abundant fragmentary material.

Discussion.— P. eremicus, P. leucopus, P. maniculatus, P. boylei, P. truei, P, difficilis, and P.
pectoralis all presently occur in the southern Guadalupe Mountains (Genoways et al. 1977). Of
these seven species, only P. eremicus can be identified to species with any degree of certainty on
the basis of fragmentary material. P. eremicus is differentiated from the othersix species by the
lack of, or, at the maost, rudimentary accessory cusps inthe two principal outer angles of the M1
and M? (Hall and Kelson 1959). Due to the extreme range in habitats occupied by members of
this genera and the difficulty of distinguishing the various species, Peromyscus are nearly use-
less as climatic indicators.

Peromyscus eremicus (Baird), Cactus Mouse

Material —RM -2 (TTU-P-8394); RM! (TTU-P-8395).

Discussion.—Characters to differentiate P. eremicus have already been discussed in the pre-
vious account of Peromyscus spp. P. eremicus is an inhabitant of deserts from central Mexico
through the southwestern United States (Blair et al. 1957). The presence of this species in the
fauna does not indicate any change from present climatic conditions.

Neotoma cinerea (Ord), Bushy-tailed Woodrat

Material —RM! (TTU-P-8264); RMz (TTU-P-826%); LM, (TTU-P-8266); three, LM,
(TTU-P-8267-8270); RM3 (TTU-P-8271); LM |z (TTU-P-8272).

Discussion.—N. cinerea is differentiated from N. mexicana on the basis of accessory cusps
developed in the re-entrant angles of some of the teeth (Lundelius 1976), a condition found in
509% of the Recent specimens of V. cinerea examined and lacking in all Recent specimens of N.
mexicana examined.

N. cinerea is essentially a boreal animal and is found at higher latitude or higher elevations
today (Hall and Kelson 1959). The present closest population of N, cinerea to Upper Sloth Cave
is in the mountains of north-central New Mexico (Fig. 4). The presence of N. cinerea in the
fauna is an indicator of cooler and/or more mesic conditions than now exist in the sonthern
Guadalupe Mountains.

Neotoma mexicana Baird, Mexican Woodrat

Material.— Abundant isolated teeth from all levels of trench 1 and trench 2,
Discussion.—N. mexicana is identified on the basis of dentine tracts on the anteroexternal sides
of the M that extend from one-fourth to one-third the distance from the root to the crown of an
unworn tooth. The dentine tracts on the M3 are shotter (Lundelius 1977).

This species is very common among the limestone ledges and cliff faces that dominate the west
face of the Guadalupe Mountains. N. mexicana is niot useful as a climatic indicator.

Neotoma micropus (Hartly), Southern Plains Woodrat

Material — LM, (TTU-P-8400).

Discussion.—Dalquest et al. (1969) separated N. micropus from N. albigula on the width of the
second lophid of the M. They found that this measurement in N, albigula was always leas than
1.94 mm whereas in N. micropus this measurement was always greater than 1.94 mm. This
criterion was followed in the identification of the Neotema from Upper Sloth Cave. When these
two species are sympatric, V. albigulais restricted to rocky areas and N. micropus is restricted to
mare open areas {Finley 1958). N. micropus presently occurs in the flats in the western portion
of the park.

Neotoma albigula (Baird), White-throated Woodrat

Material —Two, LM (TTU-P-8401-8402); RM, (TTU-P-8403).
Discussion.—Criteria for identification and habitat preferences were discussed in the preced-



VERTEBRATE FOSSILS 155

ing account of N. micropus. N. albigula occurs at middle to lower elevations in the park at
present.

Microtus mexicanus (Saussure), Mexican Vole

Muarerial—Abundant isolated teeth,

Discussion.— M. mexicanus presently occurs in grassy meadows in the higher elevations of the
southern Guadalupe Mountains and is common in lecal areas. The presence of this species in
the fauna does not indicate any significant change in climatic conditions.

Bassariscus astutus (Lichtenstein), Ringtail

Material. —LP3 (TTU-P-8256); LM, (TTU-P-8257),

iscussion.— B. astutus is an inhabitant of the more rocky areas of the southern Guadalupe
Mountains where it feeds on a wide variety of small mammals, birds, insects, and plants, This
species does not indicate any change in climatic conditions.

’

Mustela frenata (Lichtenstein), Long-tailed Weasel

Material.—RP3-Mj; (TTU-P-8258).

Discussion.— M. frenate has not been taken from the Guadalupe Mountains National Park in
Recent times (Genoways et al. 1977) although it occurs widely in the United States and Mexico.
1t has been recorded from Culberson County (Davis 1966:87). M. frenara is found in a variety of
abitats and is therefore not useful as an ecological indicator.

'-

Felis concolor Linnaeus, Mountain Lion

Material —RdP3 (TTU-P-8311).

Discussion.—F. concolor presently occurs in limited numbers in the southern Guadalupe
Mountains. The presence of this species in the deposit was not unexpected and gives no infor-
mation concerning climatic conditions.

-

CLIMATIC INTERPRETATIONS
Upper Sloth Cave provides a good record of faunal transition from a
I more mesically adapted vertebrate community to the present more xerical-
ly adapted vertebrate community. Five taxa of xerically adapted
vertebrates are found in the 0 to 10 ¢m level of trench 2, whereas only two
taxa of mesically adapted vertebrates occur in this level. The 10 to 20 cm
level of trench 2 presents the oppaosite picture, with five taxa of mesically
adapted vertebrates and only two taxa of xerically adapted vertebrates still
present in the deposit. In the 20 to 30 cm level, one additional taxon of
mesically adapted vertebrate is gained, whereas all xerically adapted verte-
rates are absent. This drop in the number of mesically adapted taxa can
probably be attributed to the relatively small amount of matrix removed
l from the 20 to 30 level of trench 2 because of the configuration of the cave
walls at this depth. The actual numbers of specimens obtained also follow

the trends discussed above.

If we assume that Sorex cinereus, Cryptotis parva, Marmota flaviventris,
and Neotoma cinerea existed contemporancously in the vicinity of Upper
loth Cave and look for a modern area of sympatry, we find that the
astern portion of the Black Hills of South Dakota is the only area where
these four taxa presently occur together. The elevation of the Black Hills is
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similar to that of Upper Sloth Cave and the vegetation of the Black Hills is
similar to that proposed for the southern Guadalupe Mountains by Van
Devender et al. (1976b). On the basis of the previously discussed floral and
faunal similarities, we are therefore postulating that approximately 11,000
years ago the climatic conditions in the southern Guadalupe Mountains
may have been similar to the climatic conditions existing in the Black Hills
of South Dakota today.

This more xeric trend in the southern Guadalupe Mountains may have
begun approximately 11,500 years ago and been a contributing factor in
the extinction of the Shasta Ground Sloth, Nothrotherium shastense, or i
may not have started until as late as 5000 years ago as suggested by Van
Devender and Worthington (1977). Lack of a radiocarbon date directly
associated with the deposits in trench 2 precludes a more definite timetable.

o) = -
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IEnvironmental Implications of

§Herpetofaunal Remains from
Archeological Sites West of
ICarlsbad, New Mexico

f

JOHN S. APPLEGARTH, University of New Mexico,
Albuquerque

. This report is to demonstrate the usefulness of herpetofaunal remains in

econstructing archeological environments. In and near caves and rock-

shelters predators leave a concentrated sample of whatever prey species are

abundant locally. Three such sites in the hills west of Carlsbad, Eddy

l County, New Mexico, have yielded a wealth of faunal remains, and among
the smallest bones are those of amphibians and reptiles.

In the arid Southwest the archeological remains of salamanders, turtles,

l and snakes are relatively uninformative. The tiger salamander, Ambystoma

tigrinum, is widespread and only suggests general proximity to a pond or

streamcourse. Finding any other species of salamander is uniikely. Turtle

remains in archeological sites are environmentally unreliable because the

I human residents may have carried them great distances for uses other than

food. Snakes often make up a major part of archeological herpetofauna;

unfortunately most species are relatively wide-ranging, so their remains say

little about local conditions. Accordingly, this report is limited to the two

groups that seem most useful as indicators of past conditions, the anurans

{frogs and toads) and the lizards.

The oldest of the three sites is Honest Injun Cave, which is located on the

West Fork of the Little McKittrick Draw at 1115 m (3660 ft) elevation (Fig.

}. It is situated about 12 m up a terraced, west-facing, limestone cliff,

extends in horizontally for about 12 m, and has about 60 cm of loose dust

l and rock debris on the floor. A radiocarbon date of 2930 £ 60 years BP (980

B.C.; WIS-598) was obtained from woven artifacts found near the middle of

the cave and about 25 cm below the surface. Depthwise, the artifacts tended

to be concentrated in the middle third, but occupants had churned the fillto

I some extent. Three carapace fragments of a western box turtle, Terrapene

rnata, all from a single individual judging by color and size, had been

ttered at least 15 cm vertically and 3 m horizontally. Roughly 100 m

159
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FIG. 1. Map of the area west of Carlsbad, New Mexico, showing the distributions c’
the following archeological sites (shaded dots) and paleontological sites (crosses):
Ellis, Roberts Rockshelter, Dry Cave, Honest Injun Cave, and Dark Canyon Cave
(reading from upper left to lower right). The elevational contours, abstracted from
USGS maps, are in feet above mean sea level.

downcanyon is an arroyo-bottom pool; although never seen completely dry, I
its water is foul when low. Except for the Little McKittrick floodplain, the
surrounding area within 5 km is almost entirely rolling, rocky hills.

The second site is Roberts Rockshelter located on Dunnaway Draw at
['183 m (3880 ft) elevation. The shelter is situated in the lower part of a west-
facing, limestone cliff which is about 8 m high. It is adjacent to an arroyo-
bottom pool, which usually has some water but has been seen completelyl
dry. A radiocarbon date of 1075 + 50 years BP (A.D. 875; WIS-579) was
based on charcoal found 90 cm down in the midden adjacent to the shelter.
The deposit was entirely outside the shelter, had a maximum depth of about
110 cm next to the shelter, and became thinner as one moved away from th
cliff, with bare rock benches rimming the pool. Raptors have used the shelt
and nearby ledges as evidenced by the thousands of small bones recovered
from roughly a cubic meter of deposit, and the deposit being richest within l
one meter of the cliff. A similar number of bones was recovered from deposit
disturbed by illegal artifact hunters (the “back dirt” of “pot hunters”).

Third, the Ellis site consists of two small sheltersin a low, west-facing bluff
on the south side of Rocky Arroyo at 1173 m (3850 ft) elevation. The shelters
are both about 1 m high and extend horizontally 4 m and 2 m, respectivel
into the loosely cemented conglomerate just under a relatively hard to




I stratum. Radiocarbon dates of 815 + 50 years BP (A.D. 1135; WIS-577) and
810 + 55 years BP (A.D. 1140; WIS-578) were obtained from charcoal found
23 cm and 45 cm below the surface of the midden deposit just outside each
I shelter. The fill in the shelters was 50 cm and 30 cmn deep. Test trenches were
dug in the fill and extended outward through the midden of each shelter. As
the shelters were only 51 m apart and so similar in age and design, their
| herpetofaunal data are pooled in this report. Occupants had churned the fill
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as evidenced by two bones of the barking frog, Hylactophryne augusti, evi-
dently from one individual, one bone being on the surface and the other at
least 28 ¢m down in the 50-cm fill. Both the Roberts and Ellis sites are ina

'shallow valley, Indian Basin, the topography of which is a mixture of rela-
tively level areas and low, rolling hills.

Because the deposits of all the sites were more or less disturbed, strati-
graphic data are not presented. In treating data for whole sites, it is assumed
that the proportion of bones from historic times is relatively insignificant.
Taking relative recoverability into account, the archeological samples are
viewed as a fair measure of the prehistoric relative abundance of the various

pecies, before modern environmental alteration.

For comparison with archeclogical abundance, qualitative estimates of
present relative abundance (PRA) within 5 km of each site are given with the
archeological data in Tables 1 and 2. These estimates are based on four
summers of field work (1970-73) and the museum records of Carlsbad
Caverns National Park, Eastern New Mexico University, the University of
Kansas, and the University of New Mexico. All archeological herpetofauna
is being held for further study and eventually will be deposited in the Labora-
tory for Environmental Biology of the University of Texas at El Paso.

Of the anuran and lizard species now in the general area but not found in
the archeological sites, four are so small that recovery of their delicate bones

I was unlikely with the single, dry, flyscreen sieves (1 to 1.5-mm mesh) that
were used (layered wet screens, down to (.5-mm mesh, would have been
better). The four species are: the cricket frog, Acris crepitans (which, because

I of its limitation to the immediate vicinity of permanent water, was not seen
or heard near any of the sites); the green toad, Bufo debilis, the tree lizard (a
misnomer in New Mexico as most are found on large rocks), Urosaurus
ornatus; and the many-lined skink, Eumeces multivirgatus. The last twoare
scarce and most often found near springs and permanent streams.

The only relatively large species! not found in the sites was the bullfrog,
Rana catesbeiana, which is suspected to have invaded the Pecos River in

l historic times (Raun and Gehlbach 1972:10). Although this species was
reported by Wiley (1972) from a Pleistocene deposit in Dark Canyon Cave
(Fig. 1), personal reexamination of the material negates that record.

l IThe plains leopard frog, Rana blairi, may inhabit the Pecos Valley as far south as Artesia,
roughly 43 km NNE of the Ellis site; it scems to be separable osteologically from the Rio Grande
r leopard frog, R. berlandieri.
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University of Texas 41228-509 consists of two third vertebrae, one from a '
large (roughly 11 cm) Woodhouse's toad, Bufo woodhousei, and the second
from a smaller (roughly 7 cm) toad, Bufo sp. (possibly B. woodhousei, but

the bone is in poor condition).

ANURANS l

The red-spotted toad, Bufo punctatus (Table 1), locally prefers rocky
slopes. The rocky terrain around Honest Injun explains both its archeo- l
logical and modern abundance. Although now common in the Indian
Basin, it seems to have been relatively scarce there 800 years ago, a change
presumably due to overgrazing and consequent soil erosion.

The Texas toad, Bufo speciosus, is fairly restricted to valleys with some
grass and soil. In the Indian Basin its archeological abundance contrasted to
its present-day rarity suggests considerable erosion and vegetational altera-
tion. The relative abundance of B. speciosus compared to B. punctatus, l
wherever sympatric, seems a sensitive indicator of the relative abundance of
grass and soil. (Many bones could only be assigned to species groups, so
when some were determined to a particular species and none to other closely
related species, all were pooled for estimating the minimum number of‘
individuals represented.) :

Woodhouse’s toad, Bufo woodhousei, is now absent from Eddy County,
with the exception of the Pecos floodplain from Lake McMiilan northward l
(25 airline km northeast of Ellis). It favors sandy soil, relatively mesic condi-
tions, and is now generally confined to river valleys in the Southwest. It has
been reported from Pleistocene deposits (Fig. 1) in Dry Cave (Holman 1970)
and Dark Canyon Cave (Wiley 1972). The remains in Honest Injun Cave

TABLE 1. Archeological and present anuran faunas of three sites west of Carlsbad, New l
Mexico. Archeological items include fragments, whole bones, and groups of co-adherent
bones. MNI are the minimum number of individuals represented by the recovered items.
Estimates of presen: relative abundance (PRA} within 5 km of each site are Very common
(vc}, common (¢), scarce (s), rare (r), and absent (a},

Honest Injun Roberts Ellis

A )
nuran species ltems MNI PRA Items MNI PRA Items MNI PRA

Bufo debilis s c c
Bufo punciatus 5!} 10 ve 9 3 c 4 2 c
Bufa small species 4 2

Bufo speciosus a 9 10 r 8
Bufo large species 7 67 7 3

Bufo woodhousei 6 6 a a a
Hylactophryne augusti 1 1 a a 2 |

Rana berlandieri r 1 2 r r
Rana small species 1

Scaphiopus couchi 2 1 a 161 17 r 46 8 s

Spea hammondi ¢ 30 23 ¢ 1 2 c
Speua species 4 1 196 9




l suggest a slightly wetter climate and locally marshy conditions along the

Little McKittrick Draw, probably in post-Wisconsin times and possibly as

recent as 3000 years ago. The absence of this species from the Indian Basin

I deposits indicates attainment of the present, relatively dry climate prior to
1000 years ago.

The barking frog, Hylactophryne augusti, is rare in New Mexico. Of the

l five modern specimens (all in the University of New Mexico herpetology
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museum), four are from east of Rosweli and one is from 19 airline km north-

west of Carlsbad. All were collected on grassy benches adjacent to cliffs
along the Pecos River. Two archeological bones from Ellis and one from

' Honest Injun suggest some grass on the benchland above each bluff. More
important to their distribution seems to be their ability to find moisture in
limestone cracks and caves, and their apparent near extinction in the
Carlsbad area suggests a lowering of the ground moisture.

' The Rio Grande leopard frog, Rana berlandieri, is a member of the
recently redefined Rana pipiens complex (Pace 1974). All species of leopard
frogs indicate permanent water somewhere in the general vicinity; this spe-

. cies may indicate a relatively warm climate. In 1973 four live frogs at the
Honest Injun pool and two at the Roberts pool were a surprise because none
had been seen there in three previous summers. These vagrants probably
moved in during a rainy period; their presence seemed ill-fated, as most bio-

l logical range-expanding efforts must be. The source of the Honest Injun
frogs is unclear, possibly a spring-refugium somewhere upcanyon. The frogs
at the Roberts pool most likely came from spring-fed pools about 10 km

I downcanyon. In general, ranid frogs breed only in permanent water, where-
as spadefoot toads breed only in temporary water. Honest Injun yielded no
ranid bones and six spadefoot bones to suggest ephemerality of the local
pool. The ephemerality of the Roberts pool is certified by a scarcnty of ranid

l remains, two bones, and an abundance of spadefoot remains, 560 bones,
whiich were found at all depths in the deposit. Arroyo-bottom and rain pools
around Ellis are highly ephemeral, and that secems to have been the case for at

I least the last 800 vears.

Couch’s spadefoot toad, Scaphiopus couchi, prefers short-grass and
desert grasslands with deep, sandy alluvium. It is now common in the rela-
tively level parts of the Pecos Valley but seems to be absent from the Honest
Injun area and scarce in the Indian Basin. Iis archeological presence in
Honest Injun suggests the occurrence of sorie grassland in the vicinity, most
likely on the Little McKittrick ﬂoodplam In the Indian Basin the archeo-

I logical abundance of this species is evidence for a relatively extensive grass-
land and deep soil prior to modern grazing.

The western spadefoot toad, Spea? hammondi, locally appears to prefer

Most aulhors have treated Spew as a subgenus or synonym of Scaphiopus; Spea isused here
as a valid genus because most skeletal elements can be determined to either Spea or Scaphiopus
{a practical mattet in working with herpetofaunal remains), and because the magnitude of the
osteological differences is viewed as justification for full generic rank,
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nal habitat, unsuitable for the larger S. couchi which may displace S.
hammondi from the Pecos Valley. The greater abundance of S. hammondi
bones in Roberts as compared to Ellis probably reflects the terrain around
each site, Ellis having relatively more flat land. The abundance of both S.
couchi and S. hammondi in the Indian Basin sites indicates, in prehistoric
times, both grassland in the relatively level areas and open desert vegetation

hilly terrain with sandy or gravelly substrate. However this may be a margi- l
on the hillsides. l

LIZARDS
Whiptail lizards, Cnemidophorus sp. (Table 2), of this region include five1
species. Arranged by body size from smallest to largest, they are C.
inornatus, C. gularis, C. exsanguis, C. tigris, and C. tesselatus. Lack of ade-
quate comparative material has prevented specific identification of remains.
However, with considerable overlap among the ranges of these species, use
can be made of the observation by Asplund (1974:695) that “the larger
species tend to be restricted to habitats that are shaded, relative to the open
habitats of smaller species.” Of the minimum of four individuals reprc—‘
sented by remains from Honest Injun, two were small and two were medium
to large; of the eight from Roberts, four were small; and of the four from
Ellis, three were small. Presence of medium to large species in all three sites
indicates the occurrence of some brush, sotol, or other shade-providing l
vegetation in the general vicinity of all three sites.

The Texas banded gecko, Coleonyx brevis, is found in arid regions where
there are fractured rock outcrops. The apparent low frequency of remains is
probably due largely to the difficulty of recovering their delicate bones,

TABLE 2. Archeological and present lizard fauna of three sites west of Carlsbad, New Mexico.
Abbreviations as in Table 1.

. Honest Injun Roberts Ellis
Lizard species
Items MNI PRA [tems MNI PRA Items MNI PRA

Cnemidophorus species 9 4 ve 31 3 ve 7 4 Ve
Coleonyx brevis [ s 1 1 5
Crotaphytus collaris 28 5 c 7713 C 8 2 c
Eumeces obsoletus 6 2 T 15 4 r r
Holbrookia texana 5 3 C 29 11 C 1 I c
Phrynosoma cornutum 6 2 a 39 6 r 7 2 r
Phrynosoma douglassi 14 4 a a a
Phrynosoma modestum 4 1 c 2_ 47 ¢ 6 3 ¢
Sceloporus poinsetti 58 16 c 44 8 5 T
Sceloporus large species 7 5

Sceloporus undulatus 11 5 v 26 7 c 16 6 Ve

Urosaurus ornatus
Uta stansburiana a 1 1 r r

-
-
A
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The collared lizard, Crotaphytus collaris, ranges from hot desert to
pinyon-juniper woodland, wherever it can find rocks for lookouts and open
areas for running. As noted by Gehibach and Holman (1974:196}, this
species may have been in the aboriginal diet. Consequently their remains are
relatively uninformative.

The Great Plains skink, Eumeces obsoletus, is relatively riparian, and
some riparian vegetation is suggested by their remains in Honest Injun and
Roberts, Their absence from Ellis could be due to sampling error, as the
small deposits yielded a minimum of only 19 lizards. -

The greater earless lizard, Holbrookia texana, prefers open stands of
desert vegetation with plenty of bare ground for running. On study plots in
Big Bend National Park, Degenhardt (1977) found this species was elimi-
nated by dense growth of grass where the ground formerly had been rela-
tively bare due to grazing. The abundance of their remains in Roberts and
presence in the other sites indicate an open nature of some portlon of the
local vegetation, especially near Roberts. The open desert vegetation of the
hill slopes probably has changed little in historic times..

The Texas horned lizard, Phrynosoma cornutum, favors grasslands witha
relatively warm climate and soft, sandy soil. It is also found in disturbed
areas that used to be grassland. Itis fairly commonin the Pecos Valley, buta
specimen from 11 km east of Ellis is the closest modern record to the Indian
Basin?. Its archeological presence in all three sites indicates some grassland
with-soft soil to have been near all three sites. .

The short-horned lizard, Phrynosoma douglassi, favors grasslands with
loose soil but with cooler and wetter climatic conditions. Its range extends
north into Canada where it inhabits the valleys between mountain ranges,
and south into Mexico where it is confined. to the higher elevations of the
Sierra Madre Occidental. In the Guadalupe Mountains of Texas and New
Mexico this species is scarce and only known from above 1800 m elevation.
It is also known from Pleistocene deposits in Dry and Dark Canyon caves at
1280 m and 1067 m elevation, respectively (Holman 1970; Wiley 1972).
Therefore the remains in Honest Injun Cave indicate a slightly cooler and
wetter climate, probably post-Wisconsin and possibly as recent as 3000 years
ago. The absence of this species from the Indian Basin deposits indicates
warmer, drier times by 1000 years ago.

The round-tailed horned lizard, Phrynosoma modestum, prefers a warm
climate and a substrate of loose sand or gravel, with little or no grass. It is
now commeon on the hills west of Carlsbad but seems generally absent from
the Pecos floodplain, which is in direct contrast to the distribution of P.
cornutum. The few bones in Honest Injun and Ellis suggest some loose

n June 1976, a specimen (UNM 31935) was found in the Indian Basin, dead on state road
137 about 1.3 km southeast of the Roberts site,



166 APPLEGARTH

gravel and open desert vegetation locally, but these bones could be of rela-
tively recent origin, The wealth of remains in Roberts probably represents
concentration via raptors and their pellets. A ratio of 6 P. cornutum to 47 P.
modestum indicates strongly that the hills around Roberts were much as
they are today, with loose gravel and open desert vegetation, and that the
prehistoric grassland was relatively limited to the floodplains.

Not only are the massive skull bones of the horned lizards relatively
durable and recoverable, but they are also highly identifiable to species.
Therefore the genus Phrynosoma is particularly useful as an indicator of
past conditions. The three species of this region form a gradient of environ-
mental preferences with P. douglassi favoring moderately cool, mesic grass-
land, P. cornutum preferring warmer, drier grassland, and P. modestum
favoring desert with little or no grass.

The crevice spiny lizard, Sceloporus painsetti, is generally restricted to
outcrops of large, fractured rock, individuals usually remaining close to a
crevice retreat. The relative number of their bones in the three sites
corresponds well with the relative abundance of nearby suitable habitat.

Theeasternfence lizard, Sceloporus undulatus, locally favors dense plants
such as yucca, agave and sotol, especially in association with loose rocks and
crevices. The ratio between S. poinsetti and S. undulatus in Honest Injunis
biased by the greater recoverability of the bones of the larger species, §.
poinsetti, Both species now live in the vicinity of Honest Injun, but S
undulatus is far more abundant. The quantity of S. undulatus remains from
the Ellis shelters reflects its modern abundance along the bluff and suggests
the presence of bushes and other dense plants on the bluff face in prehistoric
times.

The side-blotched lizard, Ura stansburiana, locally seems to prefer loose
sand and open vegetation. It is common in the sand hills east of the Pecos,
less common on old sandbars of the Pecos riverbed, and a single specimen
from 3 km east of Ellis seems to approximate the present limit of its distribu-
tion into the limestone hills west of the Pecos. The single bone from Roberts
could be of relatively recent origin, and its singularity indicates the local area
to have been marginal or unsuitable for this species in prehistoric times.

SUMMARY

Species-by-species discussion of the anurans and lizards represented in
three archeological sites in southeastern New Mexico, paints a detailed
picture of environmental conditions as they were in prehistoric times, prior
to overgrazing of delicate desert grassland by domestic livestock.
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The Biogeographical Relationships of
the Amphibians and Reptiles of the
Guadalupe Mountains

JOHN S. MECHAM, Texas Tech University, Lubbock

The Guadalupe Mountains of southern New Mexico and adjacent Texas
possess an unusually rich and diverse herpetofauna. This is undoubtedly due
in large part to the unusual diversity of habitats within the region, but it may
also reflect the strategic location of the mountains with respect to biogeo-
graphic regions. The Guadalupes are essentially an extension of the more
prominent Sacramento Mountains that lie immediately to the northwest,
and as such are subject to some biotic influence of the southern Rocky
Mountain system, However, the southern Great Plains lie to the east of the
mountains, and the great Chihuahuan Desert stretches away to the south.
Also, the Pecos River is located only a few miles to the east, and could act as
an avenue for the intrusion of some more aquatic species.

The purposes of this paper are to provide a brief summary of the
amphibians and reptiles that occur in the Guadalupe Mountains and their
immediate vicinity and to analyze the faunal elements represented in the
herpetofauna and their relative importance. Needless to say, any con-
clusions relative to the biogeographic position of the area that are based on
the herpetofauna alone may not apply to other groups.

THE HERPETOFAUNA

Bailey (1905) briefly described the vertebrate fauna of the Guadalupe
Mountains and wrote (1928) a popular account of the animals found in the
vicinity of Carlsbad Caverns. The first serious study of the amphibians and
reptiles as such, however, was that of Mosauer (1932), who recorded 18
species from the area. My own field work in the Guadalupe Mountains
resulted in the collection of 50 species, together with considerable relevant
ecological data (Mecham 1955). Most of this information has not been pub-
lished, aithough two taxonomic papers (Mecham 1956, 1957) were stimu-
lated by this new material. Frederick Gehlbach has done extensive work on
the ecology and distribution of the herpetofauna, but again much of this
work remains unpublished. A mimeographed summary (Gehlbach 1964} of
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the amphibians and reptiles of Carlsbad Caverns National Park, however, is
available together with two relevant taxonomic papers {Gehlbach 1974;
Gehlbach and McCoy 1965) and the contribution in this volume, Many
other herpetological records are scattered through the literature, A recent
review of the turtles of New Mexico (Degenhardt and Christiansen 1974)
provides a useful summary of the distribution of this group in the region.
Several studies on late and post-Pleistocene herpetological remains are also
of some relevance. These include Holman (1970), Gehlbach and Holman
(1974), and Applegarth (1977).

A list of the amphibians and reptiles known from the Guadalupe Moun-
tains or their immediate vicinity is given below, together with brief sum-
maries of their local distribution. Life belts in the sense of Dice (1943)
have been used in a loosely descriptive sense, although it is recognized that
an altitudinally based classification of habitats in the Guadalupe Moun-
tains is unsatisfactory insome respects. The plains life belt as used here refers
to habitats below roughly 4200 ft on the lower slopes and the adjacent desert
plains. The roughlands belt encompasses a wide range of habitats in the
mountains proper from roughly 4200 ft to 7000 ft or more, and including
evergreen woodland (sensu Gehlbach 1967). The montane belt includes
coniferous forest as may occur on the peneplane above approximately 7200
ft.

Subspecific names have not been used in this account except where rele-
vant. Forms rare in the area (known from only one or two records) are indi-
cated by “R.” Forms indicated by an asterisk presumably do not occur
within the boundaries of the Guadalupe Mountains National Park; other
species listed have been reported from the park or almost certainly occur
there. Distributional information is based primarily on Mecham (1955)
together with published sources except as otherwise noted.

Amphibia. Recorded species include Ambystoma tigrinum, Scaphiopus
couchi, Scaphiopus hammondi, Scaphiopus bombifrons, * Hylactophryne
augusti (R), Bufo cognatus (R), Bufo debilis, Bufo punctatus, Bufo
speciosus* Acris crepitans, and Rana berlandieri. The bullfrog, Rana
catesbeiana, also is present in the region, but apparently is an introduction.
Ambystoma tigrinum may occur at all altitudes in ponds or tanks, The
Scaphiopus species, Bufo cognatus, B. speciosus, and B. debilis occur pri-
marily in the plains life belt below 4800 ft, whereas the more rock-loving B,
punctatus ranges from the lower altitudes to above 6000 ft. Acris crepitans is
known only from permanent water sites on the eastern side of the range, as
are southern leopard frogs ( Rana berlandieri). Bufo cognatus is known from
a single record south of Dell City on the southwestern side of the mountains
(data of Gehlbach). The robber frog, H vlactophryne augusti, is known from
a single specimen taken northwest of Carlsbad (Koster 1946). This was the
only record of the species in New Mexico for a number of years, although
another specimen has since been taken near Roswell (Zweifel 1967).
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Testudinata. Turtles recorded include * Chelydra serpentina, Kinosternon
[flavescens, * Chrysemys picta, * Chrysemys scripta, * Chrysemys concinna,
Terrapene ornata, and * Trionyx spiniferus. With the exception of Kino-
sternon flavescens, which is distributed widely in association with perma-
nent and semipermanent ponds and streams, the aquatic turtle species are
essentially limited in the area to the Pecos River and to its tributary, the
Black River {Degenhardt and Christiansen 1974), which extends to the
eastern foothills of the mountains. The only terrestrial species, Terrapene
ornata, is widely distnibuted at lower elevations.

Lacertilia. Species recorded include Euwmeces obsoletus, Eurneces multi-
virgatus, Cnemidophorus exsanguis, Cnemidophorus gularis,
Cnemidophorus inornatus, Cnemidophorus tesselatus, Cnemidophorus
tigris, Coleonyx brevis, Crotaphytus collaris, *Crotaphytus wislizeni,
Cophosaurus texanus, Holbrookia maculata (R), Phrynosoma cornutum,
Phrynosoma douglassi, Phrynosoma modestum, Sceloporus poinsetii,
Sceloporus undulatus, Urosaurus ornatus, and Uta stansburiana.

Holbrookia macuiata is reported here in the area for the first time. Speci-
mens in the Texas Tech Museum collection were taken by Mr. Tony Burgess
from gypsum dunes on the southwestern side on the mountains near Eclipse
Well. Cnemidaophorus tigris, C. inornatus, C. gularis, Crotaphytus wislizeni,
and Uta stansburiana are all essentially confined to the desert plains below
4500 ft. Cnemidophorus tigris and Crotaphytus wislizeni apparently have
been collected in the immediate vicinity only from mesquite dunes border-
ing the salt flats to the southwest. Forms such as Coleonyx brevis and
Phyrnosoma modestum occur in parts of the desert plains but also pene-
trate lower parts of the roughlands belt. Phrynosoma cornutum not only
occurs widely in the plains belt, but ranges to nearly 6000 ft. Eumeces
obsoletus, Cnemidophorus tesselatus, Cnemidophorus exsanguis, Cro-
taphytus collaris, and the rocky adapted Cophosaurus texanus are all
common in more open roughlands habitats to approximately 6000 ft. The
saxicolous Urosaurus ornatus and Sceloporus poinsetti have extremely wide
altitudinal ranges, and S. poinsetti, at least, ranges above 8000 ft. The
ubiquitous Sceloporus undularus occurs at all altitudes as does Fumeces
multivirgarus. Phrynosoma douglassi oceuts in evergreen woodland and
coniferous forest, usually above 6000 ft. The last four species listed all occur
in the coniferous forest of The Bowl.

Serpentes. Species recorded include Leptotyphlops dulcis,* Thamnophis
marcianus,®* Thamnophis proximus, Thamnophis cyrtopsis, *Natrix
erythrogaster, Arizona elegans, Elaphe gutrate, Elaphe subocularis,
Pituophis melanoleucus, Rhinocheilus lecontei, Salvadora grahamiae,
Salvadora hexalepis (R), Sonora episcopa, Diadophis punctatus, Gyalopion
canum, Lampropeltis gerulus, Lampropeltis mexicana (R), Masticophis
flagellum, Masticophis taeniatus, Opheodrys vernalis (1), Heterodon
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nasicus, Hypsiglena torquata, Tantilla atriceps, Tantilla nigriceps, Crotalus
atrox, Crotalus lepidus, Crotalus molossus, Crotalus scutulatus (R), and
Crotalus viridis.

The inclusion of Opheodrys vernalis is based primarily on a recent sight
record of the species in the McKittrick Canyon area by Mr. Tony Burgess,
although a rancher some years ago gave the writer a good description of
what apparently was this species in the vicinity of the ruins of Queen, New
Mexico (northern Guadalupe Mountains, 6000 ft). The form is known as a
sub-Recent fossil (Logan and Black 1977), and occurs nearby in the Sacra-
mento Mountains. The presence of Lampropeltis mexicana is based on a
single specimen from the vicinity of Pine Springs (Gehlbach and McCoy
1965), the northernmost record of the species. Inclusion of Salvadora
hexalepis is based on a specimen in the collection of the Carlsbad Caverns
National Park (data of Gehlbach). The listing of only one form of Diadophis
is an over simplification. Gehlbach (1974) found evidence to indicate that
small (D. p. arnyi) and large (D. p. regalis) forms both occur in the Guada-
lupe Mountains where they may act as distinct species. The two forms inter-
grade extensively in other areas of contact, however.

Distributional patterns of the snakes are complex. Thamnophis
proximus, Thamnophis marcianus, Thamnophis cyrtopsis, and Natrix
erythrogaster are all confined to the vicinity of permanent water at lower
altitudes and drainages on the eastern or northeastern side of the moun-
tains. Thamnophis cyrtopsis, a form that is less dependent on permanent
water, is more characteristic of the mountains proper and is of wide
occurrence. A few species are most characteristic of the plains belt and
appear to invade the mountains only at lower altitudes. These include
Arizona elegans, Rhinocheilus lecontei, Heterodon nasicus, Lampropeltis
getulus, Taentilla nigriceps, Crotalus viridis, and Crotalus scutulatus. The
last form is marginal in the area. The closest record is a specimen taken by
Tony Burgess just southwest of the mountains near Eclipse Well, Two saxi-
colous rattlesnakes (Crotalus lepidus and Crotalus molossus) are common
in the roughlands belt and extend to the highest altitudes. I have found them
as high as 7400 and 8200 ft, respectively. Most of the other species of snakes
appear to be distributed at lower to intermediate altitudes, spanning parts of
both the roughland and plains belts. The bullsnake, Pituophis melanoleu-
cus, apparently has the widest ecological tolerance of any of the snakes. 1
recorded one specimen as low as 3600 ft (in mesquite dunes); Mosauer
(1932) found a specimen at about 8000 ft in pine-fir forest.

Other Species. Some additiona! species as yet unreported from the
Guadalupe Mountains may occur there. Possibilities include Bufo wood-
housei, Rana blairi, Leptotyphlops humilis, Coluber constrictor, Lampro-
peltis triangulum, Thamnophis sirtalis, Trimorphodon biscutatus, and
Sistrurus catenatus, among others. The proximity of records for Bufo wood-
housei strongly suggest that this species does occur in the area, at least in the



l vicinity of the Pecos River. The presence of Coluber constrictor also is par-
ticularly likely. The form occurs nearby in the Sacramento Mountains and
I has recently been reported to the south in the Davis Mountains (Glidewell
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1974). Stebbins (1951) indicated on a map that the canyon treefrog, Hyla
arenicolor, is present in the Guadalupe Mountains, but this almost certainly
was in error. Absence of the species, however, is puzzling in view of the
seemingly optimal habitat that is present at several locations, particularly in
McKittrick Canyon.

BIOGEOGRAPHICAL RELATIONSHIPS
Dice (1943) and Blair (1950} have placed the upper parts of the Guada-
lupe Mountains within the Navahonian biotic province, of which they would
form the southernmost extension. Lower areas were placed within the
I Chihuahuan biotic province, The Navahonian, as identified by Dice, is an
extensive region that lies between the south-central Rocky Mountains
(Coloradan biotic province) and the southwestern deserts. In a sense it isa
zone of transition, and inclusion of much of the Guadalupe Mountains in
. this province emphasizes the northern or montane aspects of the biota. The
Chihuahuan biotic province corresponds essentially to the Chihuahuan
Desert, although it is more extensive than the desert proper as identified by
Shelford (1963) and some other ecologists.

If the biotic province concept is accepted as a viable method of biogeo-
graphical classification, this characterization of the Guadalupe Mountains is
definitely misleading as far as amphibians and reptiles are concerned. This is
demonstrated by an analysis of the reported forms with respect to their
occurrence in the Navahonian and Chihuahuan provinces, together with two
other nearby provinces, the Kansan (corresponding essentially to the
southern Great Plains) and Balconian (the Edwards Plateau of Texas). As
shown by Table 1, the strongest affinities lie with the Chihuahuan, with
somewhat lower but nevertheless strong affinities with the Kansan and
Balconian. The lowest relationship is with the Navahonian, a finding that is
highly inconsistent with the classifications of Dice and Blair. Even if the
analysis is restricted to species that penetrate to higher altitudes, say above
6000 ft, the herpetofauna appears to be more Chihuahuan than Navahonian,
At least 18 species occur at such altitudes. These include Ambystoma
tigrinum, Bufo punctatus, Cnemidophorus exanguis, FEumeces
mudtivirgatus, E. obsoletus, Phrynosoma douglassi, Sceloporus poinsetii, S.
undulatus, Urosaurus ornatus, Diadophis punctatus, Hypsiglena torquatia,
Masticophis taeniatus, Pituophis melanoleucus, Salvadora grahamiae,
Thamnophis cyrtopsis, Opheoadrys vernalis, Crotalus lepidus, and C.
molossus. Of these, 15 are important in the Chihuahuan, 13 in the
Navahonian, [2 in the Balconian, and 7 in the Kansan provinces.

A somewhat different picture emerges if the amphibians and turtles, a
greater proportion of which have higher water requirements, are con-
sidered separately from lizards and snakes (Tables 2 and 3, respectively). It
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may be seen that affinities of the amphibians and turtles are primarily with
the Kansan and Balconian provinces, although the importance of the Chi-
huahuan province still ranks above that of the Navahonian. With respect to
the snakes and lizards, the affinities are overwhelmingly with the
Chihuahuan province, as would be expected in view of the Xeric adaptations

MECHAM

TABLE 1. Distribution of amphibians and
reptiles of the Guadalupe Mountains in near
biotic provinces.

Bmt'.c Important Marpinal Total
provinces

Kansan 40 4 44
Balconian 41 7 48
Navahonian k]| 10 41
Chihuahuan 46 13 59

TABLE 2. Distribution of amphibians and
turtles of the Guadalupe Mountains in near
biotic provinces.

Bm“.c Important Marginal  Total
provinces

Kansan 14 0 14
Balconian 14 2 16
Navahonian 6 3 9
Chihuahuan 8 3 i4

TABLE 3. Distribution of lizards and snakes
of the Guadalupe Mountains in near biotic
provinges,

Bmt'.c Importamt  Marginal Total
provinces

Kansan 26 4 30
Balconian 27 5 32
Navahonian 25 7 32
Chihuahuan 38 7 45

of many of these forms,
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Another method of analysis is in terms of faunal elements, an approach
that involves some arbitrary aspects but does provide a different perspec-
tive. At least seven faunal elements (or categories) appear to be represented
in the Guadalupe Mountain herpetofauna. These elements (Fig. [} are listed
below.

WIDE DISTRIBUTION
IN SOUTHWEST

CHIHUAHUAN
DESERT

E, RIPARIA
(PECOS R.

Fig. 1. Relative importance of the herpetological faunal elements represented in
the Guadalupe Mountains. Refer to text for further explanation,

Species with Wide Distributions in the Southwest (28 species, 42.4%).—
Forms included here are all of such wide distribution that they cannot be
assigned to any particular biotic or physiographic region. The greater num-
ber occur in the Chihuahuan Desert, but none have their centers of distribu-
tion there. Most are limited to arid or semiarid regions in Mexico and the
western United States, but some ( as Lampropeltis getulus or Ambystoma
tigrinum) range widely in more mesic regions.

Chihuahuan Desert Element (12 forms, 18.295).—This category consists of
forms that are associated with the Chihuahuan Desert, although they may
have limited distributions in adjacent areas. Included are Cnemidophorus
inornatus, C. tigris marmoratus, Coleonyx brevis, Cophosaurus texanus,



Phrynosoma modestum, Sceloporus poinsetti, Elaphe subocularis, I
Gyalopion canum, Lampropeltis mexicana, Tantilla atriceps, Crotalus
lepidus, and C. scutulatus. Although Cnemidophorus tigris has a much
wider distribution, the largely disjunct eastern element of the species l
(primarily C. 1. marmoratus) is closely tied to the Chihuahuan Desert and

may be used as a biogecographic indicator of that region.

Plains Element (8 forms, 12.19;).—This element is composed of forms that
have their distributional centers within the Kansan biotic province (southern
Great Plains). Included are Scaphiopus bombifrons, Kinosternon
flavescens, Terrapene ornata, Eumeces obsoletus, Elaphe gutiata emoryi, 1
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Heterodon nasicus, Sonora episcopa, and Tantilla nigriceps.

Eastern Riparian (Pecos River) Element (eight species, 12.1%).—This dis-
tinctive element consists of the aquatic and semiaquatic species of mostly
eastern affinities that have been able to invade (or persist in) the area because
of the proximity of the Pecos River. All of the forms are associated with
permanent water at lower altitudes on the eastern or northeastern side of the
mountains. Included here are Rana berlandieri, Acris crepitans, Chelydra
serpentina, Chrysemys scripta, C. concinna, Trionyx spiniferus, Namx
erythrogaster, and Thamnophis proximus.

Northern Element (four species, 6.19%).—-This small but heterogeneous
group includes forms that approach or attain their southern limits of distri-
bution in western Texas in the Guadalupe Mountains region. Two
\Opheodrys vernalis, Chrysemys picta) are essentially northern and eastern
forms that occur as post-Pleistocene isolates in the Southwest. Populations
of the short-horned lizard Phrynosoma douglassi, in both the Guadalupe
Mountains and the Davis Mountains are disjunct from main elements of the
species to the north in New Mexico, and also qualify as relicts. Also
included here is the many-lined skink, Eumeces multivirgatus. This species
is known to occur further to the south in the Chihuahuan Desert, but is
primarily associated with the western margin of the Great Plains and the
Navahonian biotic province. The subspecies (E. m. gaigei) that is found in
the Guadalupe Mountains has a distribution that corresponds closely to the
Navahonian. The striped phase of this form predominates at higher alti-
tudes, whereas the patternless (“taylori™) phase is more common at lower
altitudes (Mecham 1957).

“Texan” Element (four species, 6.19%).—This rather artificial category
includes species (Hylactophryne augusti, Bufo speciosus, Cnemidophorus
gularis, and Leptotyphlops dulcis) that are primarily limited to Texas in the
United States, although three have extensive ranges in Mexico. New Mex-
ico populations of Hylactophryne apparently are isolated from Balconian
elements of the species, presumably as a result of a climatic trend toward
increased arndlty

Other species (two forms, 3.0%).—Two parthenogenetic whiptails,
Cnemidophorus tesselatus and C. exanguis, do not fit any of the foregoing
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categories. Both are about equally distributed between parts of the Chihua-
huan and Navahonian biotic provinces.

By way of summary of the various faunal elements, it may be said that
aside from the large group of species with wide distributions in the South-
west, the most important contribution is made by the Chihuahuan Desert
element, with southern Great Plains and eastern riparian elements follow-
ing in importance. In addition, there is a small but distinctive northern con-
tribution, and a few forms of importance in Texas-Mexico also reach the
area. This picture is not inconsistent with that obtained in terms of biotic
provinces. The Chihuahuan Desert contribution was found to be of out-
standing importance in both cases, and the northern or Navahonian contri-
bution was found to be relatively minor. The low importance of the latter is
not unexpected in view of the decreased importance of terrestrial poikilo-
therms to the north and in the Rocky Mountains, and should not be viewed
as indicative of the composition of the biota as a whole. The plains {or
K.ansan) affinities were identified as important in both analyses, and both
indicated some influence from Texas, although the contribution of the
Balconian in the biotic province analysis appears to have been exaggerated
by failure to exclude either widely distributed forms or Pecos River ele-
ments.

The overall picture that emerges is the extreme diversity of the herpeto-
fauna in terms of its origins, and the critical location of the Guadalupe
Mountains at the contact zone between various biotic or herpetofaunistic
regions. This is emphasized by the rather remarkable fact that at least 23 of
the 66 naturally occurring species reported from the Guadalupe Mountain
area reach their limits of distribution in or near there. This includes eight
forms of the Chihuahuan Desert, four eastern riparian species, two “Texas”
species, two northern forms, and seven other southwestern species.

Some correlations can be seen between the various faunal elements and
local distributional patterns. This is most obvious, of course, for the Pecos
River element, members of which are confined to permanent water which is
found mostly at lower altitudes on the eastern side of the escarpment. Most
species of the plains element, with the exception of Euméces obsoletus and
possibly Kinosternon flavescens, are limited to the plains belt and lower-
most part of the roughlands belt. The same is essentially true of the Texan
element. Of the northern forms, both Phrynosoma douglassi and Opheodrys
vernalis appear to be restricted to higher and more mesic environments.
Although Eumeces muitivirgatus is found at lower altitudes, it is common in
the highest parts of the mountains. Local distribution of the Chihuahuan
and other species show no consistent patterns. It is interesting to note in this
connection that Crotalus lepidus and Sceloporus poinsetti, two Chihua-
huan Desert species that reach their northern limits of distribution in
southern New Mexico, together with Croralus molossus, which ranges only
slightly further north, all occur at the highest altitudes in the montane beit.
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This striking inconsistency between altitudinal range and northern distribu-
tional limits may be the result of continual local dispersal of these sax-
icolous reptiles from lower habitats. Without this replenishment, the high
altitude populations might not be able to maintain themselves over a long
period of time,

Finally, attention should be drawn to the fact that there are considerable
differences between the herpetofaunas at lower altitudes on the eastern and
western sides of the mountains. As already emphasized, the eastern riparian
elements essentially are limited to the eastern side, primarily because of
proximity of the Pecos River and associated drainage patterns, but also
because of the scarcity of permanent water on the western face. Thamnophis
marcianus, although not included in this element, also conforms to this local
pattern. On the other hand, extreme desert habitats including sandy or dune
situations near the salt flats on the southwestern side support certain species
(Crotalus scutulatus, Crotaphytus wislizeni, Cnemidophorus tigris,
Holbrookia maculata) that apparently are absent on the immediate eastern
side. Limited information suggests that local distribution of some other
species is consistent with this dichotomy, but more documentation is needed.,
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Compositional Aspects of Breeding

Avifaunas in Selected Woodlands
of the Southern Guadalupe

Mountains, Texas

GEORGE A. NEWMAN, Hardin-Simmons University,
Abilene, Texas

The Guadalupe Mountains, located in the Trans-Pecos area of west
Texas and in the southeast portion of New Mexico, have been the object of
numerous geological investigations (e.g., Cys, 1971; Newell et al. 1972).
Perhaps this mountain range is best known for its unique Carlsbad Caverns
system, situated at the northern end of the mountain mass. At the southern
end of the Guadalupe complex, however, are found landmarks which were
of great importance to man long before the discovery of the now famous
caverns, El Capitan with its uninterrupted cliff facing rising more than 2000
ft (610 m) and Guadalupe Peak, the highest pcak in Texas at 8791 ft (2679.5
m), have provided massive landmarks utilized by early explorers and
travelers (Levy 1971).

The federal government recognized the scientific, aesthetic, and historical
value of the southern Guadalupe Mountains by creating Guadalupe
Mountains National Park on 15 October 1966 (Public Law 89-667). This
relatively new national park consists of 77,500 acres (31,364.3 ha). Its
northern boundary is the New Mexico-Texas state line and the southern
boundary encompasses El Capitan and Guadalupe Peak. An assemblage of
diverse habitats ranging from Chihuahuan Desert, surrounding the wedge-
shaped mountain mass, to coniferous forest at the high mountain elevations
characterize this unique area. Rugged canyons penetrate deep into the
interior of the mountains, providing environmental conditions which
support mesic relict woodland communities (Gehlbach 1967).

Published accounts of bird investigations pertaining to the Guadalupe
Mountains date back to 1901 to the work of Mr, and Mrs. Vernon Bailey
(Bailey 1905). Burleigh and Lowery (1940) reported on their findings result-
ing from several collecting excursions to the Guadalupes in 1938 and 1939.
At about the same time as Burleigh and Lowery, W. B, Davis, along with
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several of his students, made collections and recorded bird observations
from the southern Guadalupe Mountains (Biaggi 1960). However, these
early accounts provided little quantitative information on breeding birds of
the Guadalupes.

Investigations of bird populations of other southwestern mountain ranges
have been accomplished by Marshall (1957) in southern Arizona, Hubbard
(1965) in the Mogollon Mountains of New Mexico, Tatschl (1967} in the
Sandia Mountains of New Mexico, Wauer (1971) in the Chisos Mountains
of Texas, Carothers et al. (1973) in the San Francisco and White Mountains
of Arizona, and Johnson (1974) in the Grapevine and Potosi mountains of
Nevada.

In the summers of 1969, 1970, and 1971, at the invitation of the National
Park Service, I began preliminary investigations of the breeding avifaunas of
selected woodland communities within Guadalupe Mountains National
Park (Newman 1971, 1974a,b). Beginning in 1972 and continuing through

S Mein McKicirick Conyan
QT Motk MeXiiirick Conyan
Frtuurh MoKinricn Conyan
4 Upper Bag Conyan
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Contaur Inlurval 389 Fent

FI1G. 1.—Map of southern Guadalupe Mountain region, adapted from the U.S,
Geological Survey map of the Guadalupe Peak Quadrangle. Inset shows the relation
of the southern Guadalupe Mountains to the remainder of the state of Texas.
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the summers of 1973 and 1974, | made intensive surveys of the breeding birds
in Main McKittrick Canyon, South McKittrick Canyon, North McKittrick
Canyon, Upper Dog Canyon, and The Bowl.

The purposes of this study were: (1) to quantitatively document the
breeding avifaunas of relict woodlands of the Southern Guadalupe
Mountains: (2) to determine the stability of the breeding avifaunas on a year
to year basis; (3) to compare selected breeding avifaunas of the southern
Guadalupe Mountains with those previously studied by other scientists in
other southwestern mountain ranges.

METHODS

Five study plots were established in the summer of 1972, one each in the
following areas: Main McKittrick Canyon; North McKittrick Canyoen;
South McKittrick Canyon; Upper Dog Canyon; The Bowl (Fig. 1). In the
canyon areas, study plots were established according to the natural terrain
and were limited to the canyon floors and lower terraces. The study plot in
The Bowl was established in an area showing little disturbance by man.
Study plot sizes were constant at 24 acres (9.7 ha) for South McKittrick Can-
yon, Upper Dog Canyon, and The Bowl. The Main McKittrick and North
McKittrick study plots consisted of 30 acres (12.1 ha) and 20 acres (8.1 ha),
respectively. The vanation in size in the Main McKittrick and North
McKittrick plots was due to natural terrain factors which dictated plot
boundaries. Plot sizes were deterrmned with the aid of a planimeter and
aerial photographs. All boundaries of study plots were identified according
to natural features and were constant throughout the 3-year study period.

Expeditions to the Guadalupes lasted from late May through June each
summer, 1972 to 1974. Plots were visited in the same rotation each
summer—McKittrick Canyon system, then Upper Dog Canyon, and finally
The Bowl. All three McKittrick study plots were easily accessible from a
camp at Pratt Lodge and time was divided equally among these three areas.
Eight to 10 days each summer were spent working Upper Dog Canyon from
a camp at the Ranger Station. The Bowl was worked during the latter part of
June each summer for a period of 6 to 10 days from a primitive camp.

Vegetation descriptions of the study areas were based on tree data col-
lected by the author, during the summer of 1974, using the Cottam and
Curtis (1956) point-quarter method. Only those trees with a minimum
circumference of 30 cm were included in the sampling procedure. An
analysis of the vegetation of the Guadalupe escarpment has been presented
by Gehlbach (1967).

Techniques adapted from Kendeigh (1944) were used to measure the
absolute numbers of breeding birds per study plot. A combination of early
morning censuses, searches for nests, and limited mist-netting were carned
out on each study plot. The steep canyon walls set well-defined limits on can-
yon plots and so it was possible to determine accurately what birds were truly
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breeding within them. Singing-male censuses were taken by slowly walking
through the study plots, with periodic pauses to record singing males on
specially designed census cards. All singing-male censuses began at sunrise
(ca. 06:00 MDST) and lasted about 2 hours (08:00 MDST). Other daylight
hours were utilized in searching for nests and in netting activities. The
absolute numbers of breeding birds per study area were expanded to the
standardized expression, numbers of birds per 100 acres. Observations were
augmented by the use of Leitz Trinovid 10 * 40 binoculars.

Of more ecological meaning than numbers of birds per unit area is grams
of biomass per unit area. Biomass computations for breeding birds were
based on average fresh weights of specimens collected from near the study
plots over a 6-year period (1969-1974), except for the weights of the EIf Owl
(Micrathene whitneyi) and the Blue-throated Hummingbird (Lampornis
clemenciae) which were taken from specimens in the Texas Cooperative
Wildlife Collections of Texas A&M University. Standing crop biomass was
computed by multiplying the density of a species by the mean weight of that
species.

Consuming biomass, an indication of food consumption, was figured as
suggested by Salt (1957). The average weight of each species was raised to the
0.633 power (Karr 1968) and then multiplied by the number of individuals
per species present per 100 acres (40.47 ha). The summation of the values
thus obtained for each species gives anindication of energy requirement fora
given avifauna.

Species were assigned to foraging categories in ways similar to those used
by Salt (1953, 1957) and Anderson (1970). Assignment to categories was on
the basis of field observations made during the breeding seasons and on the
basis of published data on feeding habits of the species under consideration.
Where a species fitted into more than one foraging group, it was placed in the
group which characterized more than 50 percent of its feeding effort.
Categories used in this study were foliage insect, aerial insect, ground insect,
timber drilling, timber searching, foliage seed, foliage nectar, ground seed,
and ground predator.

Species diversity indices of breeding avifaunas were computed by the
Shannon-Weiner index (H’ = - ¥ pi loge pi). Coefficients of similarity as
described by Beals (1960) were computed and used to compare the avi-
faunas of each study area.

RESULTS
Main McKittrick Canyon

Habitat Description—Main McKittrick Canyon cuts deep into the east face
of the Guadalupe escarpment. The overall direction of drainage in Main
McKittrick is from west to east, though the course of the stream bed varies.
From the mouth of Main McKittrick to the junction of North and South
McKittrick along the canyon floor is a distance of about 1.8 mi. (2.9 km),
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Canyon walls rise abruptly to a height of 2000 ft (610 m) above the canyon
floor. The floor of the canyon varies in width but is not much greater than
360 ft (110 m) at its widest sect and gradually narrows towards the west.
Elevation of the canyon floor increases from 5000 ft (1524 m) at the mouth of
the canyon to 5200 ft (1585 m) at the junction of North and South
McKittrick. The vegetational growth form along the canyon floor gradually
shifts from shrub and grass domination near the mouth of the canyon to tree
domination. Above-ground water exists year-round in Main McKittrick.
The stream flow is intermittent in space, alternately flowing above and
below ground. This flow is from drainage of precipitation and from active
springs in North and South McKittrick canyons.

The east boundary of the Main McKittrick study plot islocated about 0.8
mi. (1.3 km} in from the mouth of the canyon and runs a linear distance of
about 1.0 mi. (1.6 km).

One hundred and twenty trees were measured on the study plot. A com-
parison of the relative density, relative dominance, relative frequency, and
importance value of trees in Main McKittrick, South McKittrick, North
McKittrick, Upper Dog, and The Bowl is shown in Tables 1-4. Wavy-leaf
oak (Quercus undulata), alligator juniper (Juniperus deppeana), and Texas
madrone ( Arbutus texana), were relatively important (Table 4) in Main
McKittrick with values of 80.17, 67.81, and 52.52, respectively. Common

TABLE I, Relative density, obtained by the point-guarter method, of tree species in Main
McKittrick (1), North McKittrick (2), South McKittrick (3), Upper Dog (4), and The Bowl
{5).

Relative deﬁsity

Species

1 2 3 4 5
Quercus undulaia 32.50 16.67 11.67 .
Juniperus deppeana 20.00 22.50 13.33 2.00 0.83
Arbutus texana 15.83 12.50 6.11 1.00
Acer grandidentatum 10.00 16.67 27.22 28,50
Quercus muhienbergia 7.50 20,00 25.00 38.50
Fraxinus velutina 5.00 389
Pinus ponderosa 3.33 1.67 9.44 7.00 30.42
Prunus serotina’ 2.50 1.67 1.1 0.83
Juglans microcarpa 1.67
Juniperus sp. 0.83 1.1
Chilopsis linearfolia 0.83 )
Ostrya knowltonii 4,17 3.00
Juniperus scopulorum 2.50 2,00
Pseudotsuga menziesii 1.67 3.50 18.33
Quercus grisea 1.11
Quercus gambeli 7.00 17.08
Juniperus monosperma 0.50 .
Pinus flexiliz 32.50
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TABLE 2. Relative dominance, obtained by the point-quarter method, of tree spegies in Main
McKittrick (1), North MeKittrick (2), South McKittrick (3), Upper Dog (4), and The Bowl

(5.
. Relative dominance
Species
1 2 3 4 5
Quercus undulata 2348 10.90 7.7
Juniperus deppeana 26.15 28.36 10.98 12.45 0.40
Arbutus texana 18.64 12.80 6.43 0.78
Acer grandidentatum 7.08 12.25 2097 22,20
Quercus muhlenbergia 870 25.26 L7 36.98
Fraxinus velutina 5.4 7.21
Finus ponderosa 345 1.74 12,67 11.56 24.30
Prunus seroting . 257 1.66 1.11 0.58
Juglans microcarpa 207
Juniperus sp. 1.64 1.00
Chilopsis linearfolia 0.77
Ostrya knowltonii 2.37 2.07
Juniperus scopulorum 313 309
Pseudotsuga menziesii [.55 5.01 28.89
Quercus grisea 0.78
Quercus gambeli 5.54 11.18
Juniperus monosperma 0.48
Pinus flexilis 34.66

TABLE 3. Relative frequency, obtained by the point-quarter method, of tree species in Main
McKittrick (1), North McKittrick (2), South MecKittrick (3), Upper Dog (4), and The Bowl

(5.
Spect Relative frequency
pecies 1 2 3 a 5
Quercus undulara 24.19 15.56 11.92
Juniperus deppeana 21.66 20.62 12.69 12.12 1.28
Arbutus texana 18.05 12.84 6.92 1.52
Acer grandidentatum 9.75 15.56 27.31 25.76
Quercus muhlenbergia 8.30 19.46 2308 32.58
Fraxinus velutina 6.14 4.23
Pinus ponderosa 3.61 272 923 8.33 25.53
Prumnus seroting 3.61 2.72 1.54 1.28
Juglans microcarpa 2.53
Juniperus sp, 1.08 1.54
Chilopsis linearfolia 1.08
Ostrya knowltonii 389 379
Juniperus scopulorum 389 303
Pseudotsuga menziesii 2.72 5.30 20,43
Quercus grisea 1.54
Quercus gambeli 6.82 2043
Juniperus monosperma 0.76
Pinus flexilis 31.06
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l TABLE 4. Importance value, obtained by the point-quarter method, of tree species in Main
McKittrick (1), North McKittrick (2), South McKittrick (3), Upper Dog (4), and The Bowl

I (5).
) Importance value
Spcies 1 2 3 4 5
Quercus undulata 80.17 43,13 31.30
Juniperus deppeana 67.81 71.48 37.00 33.57 2.51
Arbutus texana 52.52 38.14 19.46 330
Acer grandidentatum 26.83 44 .48 75.50 76.46
Quercus muhlenbergia 24.50 64.72 79.25 108.06
'."‘ra.ﬂnus velutina 16.58 15.33
Pinus ponderosa 10.39 6.13 31.34 26.89 80.25
Prunus serotina B.68 6.05 3.76 2.69
Juglans microcarpa 6.27
l Juniperus sp. 3.55 3.65
Chilopsis linearfolia 2.68
Ostrya knowltonii 10.43 8.86
Juniperus scopulorum 9.52 8.12
. Pseudotsuga menziesii 5.94 13.81 67.65
Quercus grisea 343
Quercus gambeli 19.36 48.69
Juniperus monosperma 1.74
I Pinus flexilis 98.22

l et b, I s A

rFire

- -

FIG. 2.—Main McKittrick Canyon, Guadalupe Mountains National Park, Texas.
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TABLE 5. Density of breeding bird populations in Main McKittrick Canyon for 1972, 1973
and 1974,

]

Pairs per 100 acres

Species 1972 1973 1974 I
Blue-gray Gnatcatcher ( Polioptila caerulea) 23.3 16.7 23.3
Bewick's Wren ( Thryomanes bewickii) 20.0 6.7 16.7
Rufous-crowned Sparrow { Aimophila ruficeps) 200 20.0 13.3 I
Solitary Vireo (Fireo solitarius) 16.7 20.0 16.7
Black-chinned Sparrow (Spizeila atrogularis) 16.7 10.0 233
Canyon Wren (Catherpes mexicanus) 16.7 6.7 13.
Black-chinned Hummumngbird (Archilochus alexandri) 13.3 13.3 10.0
Ash-throated Flycatcher { Myiarchus cinerascens) 13.3 10.0 13.3
Western Tanager (Piranga ludoviciana) 133 133 10.0
Cassin’s Kingbird ( Tyrannus vociferans) 10.0 10.0 6.7
Western Wood Pewee (Contopus sordiduius) 10.0 10.0 10,0
Violet-green Swallow ( Tachycineta thalassing) 10.0 33 6.7
Bushtit ( Psaltriparus minimus) 10.0 6.7 10.0
Lesser Goldfinch (Spinws psaliria) 10.0 6.7 33
Scott’s Oriole (Jeterus parisorum) 6.7 i3 6.7
Brown-headed Cowbird (Molothrus ater) 6.7 6.7 6.7‘
Black-headed Grosbeak (Pheucticus melanocephaius) 6.7 10.0 13.
Broad-tailed Hummingbird (Sefaphorus platycercus) 33 0.0 6.7
Ladder-backed Woodpecker (Dendrocopos scalaris) 33 6.7 0.0
Scrub Jay (Aphelocoma coerulescens) 3.3 13 0.0 .
House Wren (Troglodytes aedon) 33 0.0 6.7
Gray Vireo (Vireo vicinior) 3.3 0.0 0.0
Hepatic Tanager ( Firanga flava) i3 33 3.3
Blue Grosbeak (Guiraca caerulea) 33 0.0 33 I
House Finch (Carpodacus mexicanus) 33 0.0 0.0
Rufous-sided Towhee ( Pipilo ervthrophthalmus) i3 6.7 10.
Virginia's Warbler { Vermivora virginiae) 0.0 33 6.7
Olive-sided Flycatcher® { Nutiallornis borealis) 0.0 1.3 3.3 l
Elf Owl { Micrathene whitneyi) 0.0 33 0.0
Brown Towhee ( Pipilo fuscus) 0.0 3.3 0.0
Western Flycatcher (Empidonax difficilis) 0.0 0.0 33
Rock Wren (Salpincres obsoletus) 0.0 0.0 3.3
Hermit Thrush {Catharus guttatus) 0.0 0.0 33
Warbling Vireo (Vireo gifvusy 0.0 0.0 33
Total 2531 206.6 256.5

aBreeding status not certain.

Qe

shrubs and grasses contributing to the understory in Main McKittrick were
Quercus undulata, Juniperus, deppeana, Acer grandidentatum, Dasylirion
leiophyilum, Juglans microcarpa, Agave neomexicana, Yucca elata,
Cladium jamaicensis, Bouteloua curtipendula, and Tridens muticus.
Physiognomic aspects of Main McKittrick Canyon are shown in Fig. 2.

Avifaunal Aspects.—Densities of the breeding avifaunas of Main McKit
trick Canyon for 1972, 1973, and 1974 are presented in Table 5. Thirty-four

-
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species were recorded as breeding on the study plot over the 3-year period,
Nineteen (56%) of the 34 species were represented as breeding birds in all
three of the summers. Fifteen species (44%) were present as breeders in 1 or
2 of the 3 years. The greatest number of breeding species for Season
was 28 in 1974, followed by 26 in 1972, and 25 in 1973. The highest density
of birds occurred in 1974 with 256.5 pairs per 100 acres, followed by 253.1
pairz in 1972, and 206.6 pairs in 1973,

Standing crop biomass and consuming biomass of breeding avifaunas,
expanded to reflect grams per 100 acres, are presented in Table 6. The years
1972 and 1974 were similar in total avifaunal biomass. In 1973 standing cro
biomass was about 3% lower than it was in 1972 and 1974. Consuming bio-
mass in 1973 showed a decrease of about 9% from 1972 and 1974.

50 A--Folluge Insect
B--Acrial Losect
C--Ground Seed
44 D——Ground Insect
E--Foliuge Seed
F--Timber Brilling
30 G--Foliape NMectar
C.B. H—Timber Searching
% L--Ground Predator
10

10

10

30

4Q

50

[x]

—
= %
“ :
|

=

A B 1

FIG. 3. —Percentage contribution of foraging classes to standing crop biomass
(SCB) and consuming biomass (CB) for Main MeKittrick Canyon. Bars represent
1972, 1973, and 1974, respectively.

Qu

Percentage contributions of each foraging category to standing crop bio-
mass and consuming biomass are shown in Fig. 3. Bird species of the foliage
insect category accounted for the greatest percentage of biomass each of the
3 years.

Species diversity for the breeding avifaunas of Main McKittrick Canyon
was 1.05 for 1972, 3.04 for 1973, and 3.16 for 1974.

-‘
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North McKittrick Canyon

Habitat Description.—At the west end of Main McKittrick there is a bi-
furcation of the canyon into north and south branches. North McKittrick
Canyon meanders to the north for a linear distance of about 1.5 mi. (2.4 km)
to the New Mexico-Texas state boundary. The canyon floor is narrower
than that of Main McKittrick. Above-ground water is limited, except for
flash flood conditions, to the northern few hundred yards of my study plot.
This plot extends from near the junction of the 3 canyons to the first cross-
ing of the state boundary. Elevation of the canyon floor along the North
'Vicl(.iltrick plot gradually increases from 5200 ft (1585 m) at the south end
o

5400 ft (1646 m) at the north end. Steep canyon walls rise abruptly from
the canyon floor.

Data were collected from a total of 120 trees on this plot. Of the 10 species
represented in North McKittrick, alligator juniper and chinquapin oak
(Quercus muhlenbergia) dominated the landscape (Tables 1-4). Importance
values of 71.48 and 64.72, respectively, were recorded (Table 4). Common
shrubs contributing to the understory in North McKittrick were Quercus

.mdu!ara, Juniperus deppeana, Acer grandidentatum, Dasylirion
leiophyllum, and Agave neomexicana. Grass cover is quite limited on the
North McKittrick plot.

l Figure 4 shows the physiognomy of the vegetation in this canyon.

flG. 4.—North McKittrick Canyon, Guadalupe Mountains National Park, Texas.
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TABLE 7. Density of breeding bird populations in North McKittrick Canyon for 1972, 1973,
and 1974,

Pairs per 100 acres

Species 197 1B 1974 I
Rufous-sided Towhee ( Pipilo erythrophihalimus) 40.0 200 250
Solitary Vireo { Fireo solitarius) 350 20.0 45.0
Rufous-crowned Sparrow {Aimaphila ruficeps) 30.0 30.0 35.0
Canyon Wren (Catherpes mexicanus) 0.0 25.0 300
Bewick's Wren (Thryomanes bewickii} 30.0 20,0 35.0
Biue-gray Gnatcatcher (Poliopiila caerulea) 30.0 15.0 35.0
Black-chinned Hummingbird (Archilochus alexandri) 250 200 20.
Western Wood Pewee (Contopus sordidulus) 25.0 10.0 200
Black-chinned Sparrow (Spizella atrogularis) 200 20,0 35.0
Ash-throated Flycatcher (Myiarchus cinerascens) 20,0 20.0 25.0
Western Tanager ( Piranga ludoviciana) 200 15.0 20.0
Black-headed Grosbeak (Pheucticus melanocephalus) 20.0 15.0 15.0 I
Brown-headed Cowbird ( Malothrus ater) 15.0 5.0 10.0
Broad-tailed Hummingbird (Selasphorus platycercus) 10.6 10.0 250
Bushtit ( Psaltriparus minimus) 10.0 5.0 10.0
Scott’s Oriole (Icterus parisorum) 100 5.0 I0.0‘
Ladder-backed Woodpecker (Dendrocopos scalaris) [0.0 50 5.0
Lesser Goldfinch (Spinus psairria) 0.0 0.0 5.0
Warbling Vireo (Vireo gifvus) 16.0 0.0 0.0
Violet-green Swallow { Tachycineta thalassina) [0.0 0.0 .0
Hermil Thrush (Catharus gutiatus) 5.0 0.0 5.0
Western Flycatcher (Empidonax difficilis) 3.0 0.0 5.0
Elf Owl (Micrathere whitneyi) 5.0 5.0 0.0
Cassin’s Kingbird ( Tyrannus vociferans) 4.0 5.0 10.0
Rivoli's Hummingbird (Eugenes fulgens) 0.0 5.0 5.0
Virginia’s Warbler ( Fermivora virginiae) 0.0 0.0 5.0
Hepatic Tanager ( Piranga flava) 0.0 0.0 5.0
Total 4250 2750 4400 l

Avifaunal Aspects.—Twenty-seven breeding species were recorded in North
McKittrick Canyon over the 3-year study period (Table 7). Seventeen (63%)
of the 27 species were present as breeding birds each summer of the study.
Ten species (37%) nested on the study plot only 1 or 2 of the 3 years. Twenty-
three, 20, and 24 species were represented for 1972, 1973, and 197
respectively. Density values ranged from a low of 275.0 pairs per 100 acres i
1973 to a high of 440.0 pairs per 100 acres in 1974 In 1972 there were 425.0
pairs per 100 acres.

Biomass figures differed only slightly for the seasons 1972 and 1974 (Table
8). Corresponding to the marked decrease in density of individuals in 1973,
the standing crop biomass was 34% less in 1973 than it was in 1972 and 1974,
Consuming biomass showed a decrease of 35% in 1973 compared to 1972
and 1974
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50 A==Foliage Insect
B--Aerial Insect
C-=Ground Seed

40 D--Ground Insect

E-—Foliage Seed

F=~Timber Drilling

G--Foliage Nectar

C.B. Ii-;Timber Searching
I - - I==Cround Predator
10
" || . i II'_ lll == - - -
10
5'5j"' 20

] (¥ 1] E F " H |

FIG. 5.—Percentage contribution of foraging classes to standing crop biomass
(SCB) and consuming biomass (CB) for North McKittrick Canyon. Bars represent
1972, 1973, and 1974, respectively.

FIG. 6.—South McKittrick Canyon, Guadalupe Mountains National Park, Texas.
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Six foraging categories were represented in North McKittrick (Fig. 5).
The foliage insect and ground seed foragers were of major importance each
year in this area.

Species diversity was 3.00 in 1972, 2.83 in 1973, and 2.95 in 1974

South McKittrick Canyon

Habitat Description.—The study plot in South McKittrick begins a couple
of hundred yards south of the juncture with Main McKittrick and runs
linearly about 1.0 mi. (1.6 km) to the site of the old Grisham-Hunter Lodge.

TABLE 9. Density of breeding-bird populations in South McKittrick Canyon for 1972, 1973,
and 1974,

Pairs per 100 acres

Species 1972 1973 1974

Solitary Vireo ( Vireo solitarius) 333 25.0 25.0
Black-chinned Hummingbird {Archilochus alexandri) 25.0 375 20.8
Bewick’s Wren ( Thryomanes bewickir) 25.0 12,5 20.8
Broad-tailed Hummingbird (Selasphorus platycercus) 20.8 8.3 25.0
Western Wood Pewee (Contopus sordidulus) 16.7 29.2 9.2
Western Tanager (Piranga fudoviciana) 16.7 20.8 16.7
Black-headed Grosbeak ( Pheucticus melanocephalus) 16.7 20.8 16.7
Rufous-crowned Sparrow (Aimophila ruficeps) 16.7 16.7 16.7
Ash-throated Flycatcher (Myiarchus cinerascens) 16.7 12.5 12.5
Canyon Wren {Catherpes mexicanus) 16.7 0.0 4.2
Warbling Vireo ( Vireo gilvus) 12.5 2.8 25.0
Black-chinned Sparrow {Spizella atrogularis) 12.5 16,7 83
Violet-green Swallow (Tachycineta thalassing) 12.5 8.3 12.5
Lesser Goldfinch (Spinus psaltria) 12.5 4.2 16.7
Blue-gray Gnatcaicher (Polioptila caerulea) 83 16.7 16.7
Rufous-sided Towhee ( Pipilo erythrophthalmus) 8.3 12.5 16.7
Western Flycatcher (Empidonax difficilis) 8.3 83 12.5
Brown-headed Cowbird {(Molothrus ater) 8.3 4.2 12.5
White-breasted Nuthatch (Sitta carolinensis) 8.3 0.0 4.2
Scotts Oriole ([cterus parisorum) 4.2 8.3 16.7
Bushtit { Psaltriparus minimus) 4.2 8.3 12.5
Hepatic Tanager (Piranga flava) 42 8.3 12,5
Mountain Chickadee { Parus gambelr) 4.2 8.1 8.3
Hairy Waodpecker ( Dendrocopos villosus) 4.2 8.3 8.3
Virginia's Warbler (Vermivora virginige) 42 4.2 12.5
Grace's Warbler (Dendroica graciae) 42 42 12.5
Rivoli's Hummingbird { Eugenes fulgens) 42 0.0 4.2
Ladder-backed Woodpecker { Dendrocopas scalarisy 4,2 0.0 0.0
Eif Owl ( Micrathene whitneyi) 0.0 4.2 0.0
Blue-throated Hummingbird (Lampornis clemenciae) 0.0 4.2 0.0
Cassin's Kingbird ( Tyrannus vociferans) 0.0 42 0.0
Hermit Thrush {Carharus guttatus) 0.0 4.2 0.0
Total 3336 M7 400.2




lll"l‘llll‘ll‘l

09101 rovee TESL P E0PT 6'LLL TTSPT [E301gng
1'9¢1 £'L08 (A 42 £LL 6101 00£C 6 YouT3pIon 1ossa]
¥ &8 8°0TT 8TLT a4 4 98Tl STEE £l mouedg pauunys-yoelq
1 243 Feici 6P €'L06 £1g1 9709 £9¢€ IYMOT, PapIs-SN0Iny
Yert S'L¥e 6l y'8lt L°S91 '6¢9 6'LE PIGMO]) papeal-umolg
0Tt 0°859 ¥oze 0’889 ¥ 0TT 0’359 Lal A01EdS pausmoId-sNoIy
P235 punoIrn
6'6EET S6LOL 1"9t61 1°70£9 LTSt Loced {r101qng
'SL STrl 008 Ive €67 6'L¥ L's muysng
316 0°s6l 80t §°59 g80¢g 59 L © I3QIBM, 5. BTUTENA
796 0°01g £t 90L A 90L '8 13[qrep 5 3061
€Ll 881 £LL +'881 I'et £'56 PIt 9IPENIIYD WIRIUNOP
6'F01 LE0T &' ¥01 L7807 'zs £ 101 19 Jaymeajeun Aeid-an|g
9°7sE §L06 £ 1971 9'THY 9’18 6'+0t £9¢ Lafeue | anrdag
LSEE [ TRAl 8991 8'5€9 PR L1t £'8¢ 9oL 5,31008
£TST 0'sP9 6760¢ 99gg 7901 [araa 6T 02U A SUIGIRM
S'v8C £'586 P FSE Ll S¥8T £°686 et TaBeUE] umaSam
¢ LOE 0’088 TLoE 0°08% T60F TTLIT 9°LT o211 A AlElOf
T'I9t 6 bl ISy T'LoLT TToE [ 44441 TEY JeIqS 01Ty papeA-yoElq
12asu] adeno4

z 5a10e $2I0E Salde S3I0E Sarde s3I0 3)

m 00T 001 oor1 001 001 001 1yom saradg

= ] q08 a0 q408 o qa08 B

Z V61 €161 7161

PLET PUB ELET "TLGT FOF UCAUED LN
mnog ut suonejndod prq Fulpsarq jo rolaeyaq Sureroy o1 uonear w {go) SSRIIOlQ Bumunsuod pue (gO%) ssewolq doro Supueig '0f I1EV.L

200



201

$7TT 81001 §TTL 81001 5761 L7108 [ei01qng
73]
< o0 00 00 00 6'6L §H6T 1 103402dpOON, PANITQ-IAPPET
S s 1001 $7TL 271001 9ZI1 690§ 709 1xpedpoop, AIEH
= UG TequII]
-
M r¢iz £ ¥6y 70T TIsL £'%9¢ 158 Eioqng
Z 00 00 L's9 1917 00 00 857 ysy L e
2 00 00 6°6L 8'b6T 00 00 T'SE MO J1E
w6 6%6 00 00 0'sST vLLE €Tr UBIM UOAUED
& Ll 7'66€ 9'$01 0'0ve £'607 0°08% 26 uaIp S OPIMAE

103sU] punaIn)

L'69L ¢T6IT £°08L L69¢T 2089 T'L#0T Teyoqng
00 LY T°Lé ¢ 10¥ 00 00 8Ly PHQBULY S UISSED
6611 SL6T 6L SL6T 6L S LT 6'1L IY2IBDA] ] UIDISIM
9°LET 0°0LE vI6 LS¥T 9°LET 0'0LE vl MOTRAS U32IE-19[0TA
6°88C 0'0tL 6'887 00tL 591 SLTY el 2amad POOM UIIISIM
£E7L 0's6L £€77 0°S6L 867 1°290T D 19UIIEIAT] PIIEOI-YSY
1235U] [RLISY
52108 o108 saIoe SanE 59308 §210€ @)
001 001 001 001 001 001 wdam satdadg
423 q08 a0 qa08 a0 08 ueap
viol £L6T TL6l

{panunuod) "ol I14V.L

llll'l‘lllltll'l



Illl‘l‘l-ll

"¢+t TEFOPT X TAN roged 07948¢ LT9LTT LN )
fAraY 05l 1] 00 1'e01 T°L6T [E101qng
(A 0S5t 00 00 I'tat 1"L6T LT Y2leyinn poalsesiq-aiym
funareag Taquig,
L'0OET 9'8Le LTt it L'6TT 1’948 [eroigng
00 0 9'0g L'v9 a0 0 LL pIqduumny] payeoy)-ang
9'&t €19 0o 00 9'6Z €19 €L PLUQBUILIGITNE 5, ITOATY
§Z11 0'08T £LE 865 9E6 86F1 9t PTIQAufluwny] pafIel-proig
988 £LEd L'681 YA SO0 0891 £t PATQBUNULUNE] POUUYD-HIE[G
Ie1asN I8enog
532198 sSaIde sSaIde S2I2e SaIoe SaI0B @
001 001 001 001 001 001 1ySrom saradg
10 q0s a0 08 o ans ueapy
vi6l €161 L6t

{panunuoo} Q1 ATAVL

NEWMAN

202



BREEDING AVIFAUNAS 203

l The stream in this canyon flows above ground in segments and provides a
fairly constant water source for wildlife. Elevation at the northend is 5200 ft
(1585 m), increasing to 5300 ft (1615 m) at the south end of the plot. Asinthe
other two McKittrick plots, steep canyon walls rise abruptly 2000 ft (610 m)
above the canyon floor.

The vegetation in South MeKittrick Canyon is dominated by chinquapin

I oak and big-toothed maple (Acer grandidentatumy); importance values were
79.25 and 75.50, respectively (Tables 1-4). Ten species were represented
among 180 trees sampled. Common shrubs and grasses contributing to the

'understory in South McKittrick were Acer grandidentatum, Juniperus
deppeana, Quercus undulata, Agave neomexicana, Cladium jamaicensis,
Bouteloua curtipendula, and Muhlenbergia sp.

Figure 6 is a view of this study plot.

Avifaunal Aspects.—The breeding avifaunas in South McKittrick Canyon
were represented by 32 species over the 3-year study period (Table 9).
Twenty-four (75%) of these species were present each summer. The total
number of species was 28 in 1972, 28 in 1973, and 27 in 1974. Density values
ranged from a low of 333.6 pairs per 100 acres in 1972 to 400.2 pairs per 100
acresin 1974. Inthe summer of 1973, 341.7 pairs per 100 acres were recorded.

A-—-Foliage Insect
B-—Aerial Tnsect
C-—Ground Seed
D-~Cround Insect
E--Follage Seed
FP—Timber Drilling
G~-Follage Nectar
H--Timber Searching
I[--Ground Predateor

H“ﬂ'ﬁIIH'H*w

B T [ E ¥ T ) T

FIG. 7.—Percentage contribution of foraging classes to standing crop biomass
(SCB) and consuming biomass {CB) for South McKittrick Canyon. Bars represent
1972, 1973, and 1974, respectively.



Standing crop biomass increased by 12% in 1973 compared to 1972, and l
by 11% in 1974 compared to 1973 (Table 10). Consuming biomass increased
by 8% in 1973 compared to 1972, and by 16% in 1974 compared to 1973. l
Figure 7 shows the percentage contribution of each foraging category to
total standing crop and consuming biomass for South McKittrick. The
foliage insect feeders contribute by far the greatest biomass of the seven cate- I
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gories represented.
Species diversity values were 3.15 in 1972, 3.11in 1973, and 3.20 in 1974,

Upper Dog Canyon

Habitat Description.—Upper Dog Canyon lies about 3.0 mi. (4.8 km) duf:q
west of the McKittrick Canyon system and is separated from that complex

by mountainous terrain reaching 7700 ft (2347 m) in elevation. Drainage in
Upper Dog Canyon is in a northerly direction. This canyon is dissected by

the Texas-New Mexico state boundary. The study plot here runs from about

600 ft (183 m) south of the Dog Canyon Ranger Station along the canyon

floor a linear distance of about 1.0 mi. (1.6 km). At the south end of the study ‘
area is a spring seepage, the only constant supply of above ground water on

this plot. Elevation ranges from 6300 ft (1920 m) to 6700 ft (2042 m).

Tables 1-4 summarize quantitative data respecting trees in Upper Dog I
Canyon. Two hundred trees belonging to 10 species were sampled.
Chinquapin oak dominated the canyon woodland (importance value, IV
108.06) followed in importance by big-toothed maple (IV 76.46). Common
shrubs and grasses contributing to the understory in Upper Dog were Acer
grandidentatum, Juniperus deppeana, Agave neomexicana, Opuntia im-
bricata, Muhlenbergia sp., and Stipa tenuissima.

The physiognomy of this study plot is shown in Fig. 8.
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TABLE 11. Density of breeding bird populations in Upper Dog Canyon for 1972, 1973, and
1974, :

Pairs per 100 acres

Species 1972 1973 1974

Western Wood Pewee (Contopus sordidulus) 375 333 41.7
Solitary Vireo ( VFireo solirarius) 25.0 29.2 292
Black-chinned Hummingbird (A rchilochus alexandri) 250 16.7 16.7
Chipping Sparrow (Spizella passering) 2048 16.7 250
Warbling Vireo { Virea gilvus) 20.8 16.7 250
Lesser Goldfinch {Spinus psaltria) 20.8 16.7 20.8
Blue-gray Gnatcatcher (Polioptila caerulea) 16.7 20.8 12.5
Western Tanager ( Piranga ludoviciana) 16,7 16.7 16.7
Ash-throated Flycatcher ( Myiarchus cinerascens) 16.7 16,7 16.7
White-breasted Nuthatch (Sitra carolinensis) 16.7 16.7 12.5
Mountain Chickadee (Parus gambeli) 16.7 12,5 8.3
House Finch (Carpodacus mexicanus) 16.7 16.7 4.2
Yirginia's Warbler ( Fermivora virginiae) 12,5 16.7 16.7
Grace's Warbler { Dendroica graciae) 12,5 12.5 16.7
Black-headed Grosbeak (Pheucticus melanocephailus) 12.5 12.5 12.5
Western Bluebird (Sialia mexicana) 12.5 8.3 83
Rufous-sided Towhee ( Pipilo erythrophthalmus) 12.5 12.5 42
Violet-green Swallow ( Tachycineta thalassina) 12.5 8.3 0.0
Pygmy Nuthatch (Sitta pygmaea) 12.5 0.0 0.0
Canyon Wren (Catherpes mexicanus) g3 12.5 12.5
Brown-headed Cowbird {( Molothrus ater) 8.3 12.5 8.3
Rufous-crowned Sparrow (Adimophila ruficeps) 8.3 2.5 8.3
Rock Wren (Salpinctes obsvletus) 83 4.2 4.2
Black-chinned Sparrow (Spizeila atrogularis) 83 8.3 8.3
Western Flycatcher (Empidonax difficilis) 8.3 16.7 20.8
Acorn Woodpecker (Melanerpes formicivorus) 8.3 42 4.2
Bewick's Wren ( Thryomanes bewickii) 472 8.3 12.5
Broad-tailed Hummingbird (Selasphorus platycercus) 4.2 16.7 8.3
Hairy Woodpecker (Dendrocopos villosus) 42 4.2 8.3
Hepatic Tanager ( Piranga flava) 42 4.2 4.2
Common Flicker (Colaptes auratus) 4.2 4,2 4.2
Hermit Thrush (Catharus guitatus) 4.2 0.0 8.3
Scrub Jay (Aphelocoma coerulescens) 42 0.0 42
Steller’s Jay (Cyanocitia stelleri) 42 0.0 0.0
Cassin's Kingbird ( Tyrannus vociferans) 4.2 0.0 4.2
Cooper’s Hawk {Accipiter cooperii) 1.0 1.0 0.0
Great Horned Owl (Bubo virginianus) 1.0 1.0 1.0
Bushtit { Psaltriparus minimus) 0.0 12.5 20.8
Scott’s Oriole (fcterus parisorum) 0.0 0.0 8.3
Yellow-rumped Warbler (Dendroica caronatay 0.0 0.0 83
Rivoli's Hummingbird { Eugenes fulgens) 0.0 0.0 8.3
House Wren { Trogiodytes aedon) 0.0 0.0 42
Total 433.5 4232 4594
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FIG. 9.—Percentage contribution of foraging classes to standing crop biomass
(SCB) and consuming biomass {CB) for Upper Dog Canyon. Bars represent 1972,
1973, and 1974, respectively.

Avifaunal Aspects.—A total of 42 species utilized the Upper Dog Canyon
plot for breeding over the 3-year period (Table 11), Thirty of these species
(71%) were represented each summer of the study. Total number of breeding
species present each summer was 37 in 1972, 33 in 1973, and 38 in 1974,
Density values fluctuated from a low of 423.2 pairs per 100 acresin 1973toa
high of 459.4 pairs per 100 acres in 1974. In 1972 there were 435.5 pairs per
100 acres.

Standing crop biomass and consuming biomass were lowest in 1973
(Table 12). Standing crop biomass was 17% greater in 1972 than in 1973, and
12% greater in 1974 than in 1973, Consuming biomass was 119 greater in
1972 than in 1973, and 109 greater in 1974 than in 1973,

Of the eight foraging classes represented in Upper Dog Canyon, the
foliage insect category contributed the highest biomass (standing crop and
consuming) percentage (Fig. 9).

Species diversity values were 3.40 in 1972, 3.37 in 1973, 3.43 in 1974,

The Bowl

Habitat Description.—The Bowl] contains a conifer-dominated community
(Fig. 10) of about 300 acres (121.4 ha) located at the top of Pine Top
Mountain. It lacks the weather-moderating influence exerted on the other
study areas by steep canyon walls. Gentle slopes lead up to the rims of The
Bowl from a low elevation of 7750 ft (2362 m) to 8000 ft (2438 m). Situated in
The Bowl is a man-made impoundment created when the land was in pri-
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vate ownership. This tank is usually dry during the months of June and July,
depending on precipitation. When it is dry, wildlife must obtain drinking
water from one of the spring-fed streams of a nearby canyon. The study plot
in The Bowl consisted of 24 acres (9.7 ha) situated away from major dis-
turbance areas (e.g., log cabin, surface tank, meadow). This plot was
rectangular in shape and ran in an approximately east-west direction along
the gentle slope of the south side of The Bowl.

Tables 1-4 summarize data descriptive of the forest on this plot. Limber
pine ( Pinus flexilis), ponderosa pine (Pinus ponderosa), and Douglas fir
( Pseudotsuga menziesii) all show high importance values (98.22, 80.25, and
67.65, respectively). Six species were represented among the 240 trees
sampled. The understory in The Bowl consists primarily of young conifers
( Pinus flexilis, Pinus ponderosa, Pseudotsuga menziesii) with some Quercus
gambeli and a grass cover of Muhlenbergia sp.

Avifaunal Aspects.—Total number of breeding species represented in The
Bowl study plot over the 3-year period was 32 (Table 13). Of this total, 21
(669%) were present each summer. Numbers of breeding species per year were
25 in 1972, 26 in 1973, and 26 in 1974. Density values were relatively con-
stant—237.5 pairs per 100 acres in 1972, 244.8 pairs per 100 acres in 1973,
and 236.3 pairs per 100 acres in 1974.

Standing crop biomass and consuming biomass fluctuated slightly from
year to year over the 3-year period (Table 14). The lowest standing crop bio-

Fig. 10.—The Bowl, Guadalupe Mountains National Park, Texas.
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mass was in 1973. In 1972 standing crop biomass was 9% greater than in 1973
and in 1974 it was 15% greater than in 1973. There was a 4% greater con-
suming biomass in 1972 than in 1973, and in 1974 it was 5% greater than in
1973.

Nine foraging categories were represented in The Bowl study plot (Fig.
11). The foliage insect category contributed the highest biomass (standing
crop and consuming) percentage. The aerial insect category was greatly
reduced in importance in The Bowl as compared to its contribution in the
other study areas.

TABLE 13. Density of breeding bird populations in The Bowl for 1972, 1973, and 1974,

Pairs per 100 acres

Species 917 113 19N
Gray-headed Junco (Junco caniceps) 333 25.0 20.8
Mountain Chickadee ( Parus gambeli) 250 250 20.8
Pygmy Nuthatch (Sitra pygmaea) 16,7 16.7 i6.7
Yellow-rumped Warbler (Dendroica coronata) 12.5 208 20.8
White-breasted Nuthatch {Sitta carolinensis) 12.5 8.3 8.3
Solitary Vireo { Vireo solftarius) 12.5 8.3 83
Red Crossbill {Loxia curvirostra) 12.5 0.0 0.0
Orange-crowned Warbler (Vermivora celata) 8.3 16.7 12.5
Rufous-sided Towhee ( Pipilo erythrophthaimus) 8.3 16.7 12,5
Black-headed Grosbeak (Pheucticus melanocephalus) 8.3 8.3 16,7
Western Flycatcher { Empidonax difficilis) 83 16.7 42
Steller's Jay (Cyanocitta stelleri) 8.3 8.3 8.3
Hermit Thrush (Catharus gurntatus) 8.3 8.3 83
Warbling Vireo (Vireo gilvus) 8.3 42 12.5
Hairy Woodpecker (Dendrocopos villosus) 8.3 4.2 8.3
Common Flicker {Colaptes auratus) 8.3 42 8.3
Western Tanager ( Piranga ludoviciana) 4.2 83 g3
Grace's Warbler (Dendroica graciae) 4.2 4.2 12.5
Broad-tailed Hummingbird (Selasphorus
platycercus) 4.2 8.3 4.2
Violet-green Swallow ( Tachycineta thalassing) 4.2 12.5 42
Brown Creeper {Certhia familiaris) 4.2 4.2 42
Western Bluebird (Sialia mexicanus) 42 42 4.2
House Wren {Troglodyies aedon) 4.2 42 0.0
Western Wood Pewee (Contopus sordiduius) 42 0.0 0.0
Blue-throated Hummingbird ( Lempornis
clemenciae) 4.2 0.0 0.0
Acorn Woodpecker ( Melanerpes formicivorus) 0.0 0.0 4.2
Whip-poor-will { Caprimulgus vociferus) 0.0 4.2 42
Flammulated Owl {Qtus flammeolus) 0.0 1.0 1.0
Saw-whet Owl {Aegolius acadicus) 0.0 1.0 0.0
Great Horned Owl (Bubo virginianus) 0.0 0.0 1.0
Cooper’s Hawk (Accipiter cooperii) 0.0 1.0 0.0
Red-tailed Hawk { Buteo jamaicensis) 0.0 0.0 1.0
Total 2375 2448 236.3

-‘-&--—’-J--
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Fig. 11.—Percentage contribution of foraging classes to standing crop biomass
(SCB) and consuming biomass (CB) for The Bowl. Bars represent 1972, 1973, and
1974, respectively.

Species diversity values were fairly constant for each of the 3 years—3.02
in 1972, 2.98 in 1973, 3.03 in 1974.

Avifaunal Comparisons

Table 15 compares all breeding bird species recorded during 1972, 1973,
and 1974, for each of the woodland habitats under consideration in this
study. Of the 57 species represented, four {Solitary Vireo, Western Tanager,
Black-headed Grosbeak, Rufous-sided Towhee) were successful in meeting
their needs each year in all of the study areas. Six other species {(Western
Wood Pewee, Violet-green Swallow, Broad-tailed Hummingbird, Western
Flycatcher, Hermit Thrush, Warbling Vireo) were recorded in all habitats
under consideration, but did not occur each year in all areas. The Western
Wood Pewee was a marginal breeding species in the conifer-dominated
Bowl, being found there only in 1972. The preferred habitat of this species in
the Guadalupes was that of the deciduous woodlands which provided more
desirable nesting sites and more open canopy better suited to its feeding
behavior. Violet-green Swallows were recorded nesting only 1 yearin North
McKittrick Canyon and 2 years in Upper Dog Canyon. A small number of
suitable nesting sites and therfore increased competition by other hole-
nesters for available sites may account for the fluctuations of this species.
Broad-tailed Hummingbirds nested in all habitats studied but were present
only in 1972 and 1974 in Main McKittrick Canyon. This species is probably
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vegetation than is consistently found in Main McKittrick. The Western Fly-
catcher, Hermit Thrush, and Warbling Vireo found the lower canyon
systems suitable only as marginal habitats. These species were consistent
breeders in the more mesic communities of the higher elevation.

Four species (Blue Grosbeak, Olive-sided Flycatcher, Gray Vireo, Brown
Towhee) were found only in Main McKittrick. Three of these species (Blue I
Grosbeak, Gray Vireo, Brown Towhee) were found more commonly near
the mouth of Main McKittrick than on the census plot. As environmental
factors fluctuate from year to year these more xerically adapted species ma
move, during the drier years, further into Main McKittrick. Olive-sided Fly-
catchers were recorded consistently, during the breeding season in 1973 and
1974, only in Main McKittrick. I list this species as a potential nesting species
as [ have no definite proof that it successfully nested.

There were no species found only in North McKittrick or only in South
McKittrick. One species (Chipping Sparrow) was unique to Upper Dog
Canyon. There were several species which were found only in the coniferous ‘

dependent on a food source provided by more mesically adapted flowering I

forest community of The Bowl. These species were Gray-headed Junco,
Orange-crowned Warbler, Brown Creeper, Whip-poor-will, Flammulated
Owl, Red Crossbill, Saw-whet Owl, and Red-tailed Hawk. Eight species
(Western Bluebird, Acorn Woodpecker, Common Flicker, Great Horned
.Owl, Cooper’'s Hawk, Pygmy Nuthatch, Yellow-rumped Warbler, and
Steller’s Jay) were found in both Upper Dog Canyon and The Bowl. The
inconsistency shown in the data for owls may be due to difficulty in gather-
ing owl data rather than a true indication of presence or absence. l

DISCUSSION

The greatest avifaunal species diversity (total number of species and
Shannon-Weiner index), density, standing crop biomass, and consuming
biomass occurred consistently throughout the 3-year study period in Upper
Dog Canyon (Table 16). The elevation and terrain of Upper Dog Canyon, I
being intermediate between that of The Bowl and the McKittrick Canyon
system, allows for mixing of tree species creating a transitional zone between
the two extremes. The greater structural diversity of the vegetation in Upper
Dog thereby presents conditions allowing a greater avifaunal complexity

Stability of breeding avifaunas from year to year as judged by biomas!
computations, number of species, and species diversity was best maintained
in The Bowl and Upper Dog Canyon communities. Due to terrain features, I
the vegetational aspects of these two communities are less likely to suffer
flash flooding disturbances than are vegetational communities of the
McKittrick system. The greater vegetational stability of The Bowl and
Upper Dog Canyon communities accounts for the greater stability in
breeding avifaunas of these two areas. Flash flooding in the McKittrick
system creates dynamic vegetational communities along the canyon floors‘
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TABLE 16. A comparison of total numbers of species, Shannon-Weiner index, density (pairs
per 100 acres), standing crop biomass (SCB), and consuming biomass (CB), for breeding
avifaunas of selected woodlands of the southern Guadalupe Mountains.

Study area Total Shan_non- Pairs per SCB CB
and yesr species Weiner 100 acres (g per (g per
Y P index 100 acres) 100 acres)

Main McKittrick

[972 26 3.05 253.1 9691.0 3096.0
1973 25 3.04 206.6 9365.6 2819.4
1974 28 3.16 256.5 9660.8 31173
orth McKittrick
1972 23 3.00 425.0 16697.0 5322.7
1973 20 283 275.0 10981.0 3468.5
1974 24 295 440.0 16643.0 53789
l South McKittrick
1972 28 318 333.6 L1761.7 3876.0
1973 28 311 3417 132022 41799
1974 27 320 400.2 14643.1 4844, 1
Upper Dog
1972 37 140 4355 18123.4 5540.5
1973 33 3.37 423.2 15553.3 4992.5
l 1974 I8 3.43 459.4 17364.7 5500.8
The Bowi
1972 25 3.02 237.5 12688.3 3494.1
1973 26 298 244 8 11663.0 3363.4
I 1974 26 3.03 236.3 13435.9 3533.2
l This disturbance is reflected in the relatively unstable breeding avifaunas of
Main, North, and South McKittrick canyons. North McKittrick is more
I susceptible to severe flooding than is South McKittrick. The breeding
avifauna of North McKittrick was the least stable of all.

Percentage contributions by foraging categories of total biomass varied
only slightly from year to year in each of the communities studied. Foliage
insect and ground seed (including fruit) foragers contributed heavily to the
vifaunal composition of all five communities. The more open vegetative
canopy of the canyon systems favored more utilization by aerial insect
feeders than did the more closed canopy of The Bowl.

Seven foraging classes were represented in Main McKittrick Canyon (Fig.
3). The increase shown in the foliage insect class for 1974 was due primarily
to an increase in the breeding population of Black-headed Grosbeaks.
Yearly fluctuations in the ground insect class resulted from a decrease in
Bewick’s Wrens and House Wrens in 1973 and the utilization of this habitat
by Hermit Thrushes and Rock Wrens in 1974. The percentage contribution

-



of the foliage seed class was reduced to zero in 1974 because of the absence of I
Scrub Jays. The Ladder-backed Woodpecker did not utilize the Main
McKittrick study area in 1974, thereby reducing the percentage contribu-
tion of the timber drilling class to zero for that year. The foraging categories l
timber searching and ground predator were not represented on the study
plot in Main McKittrick Canyon.

Six foraging classes were represented in North McKittrick Canyon (Fig. I
5). The foliage seed category, represented by Scrub Jays in Main McKittrick
Canyon, was absent in this community. Percentage contributions by
foraging classes remained fairly constant throughout the 3-year stud
period, even though there was a reduced gross avifaunal biomass in North
McKittrick Canyon in 1973 (Table 8). The reduced total biomass could
therefore be attributed to a reduction during 1973 in sever# food sources,
both vegetative and insect.

Seven foraging classes are represented in South McKittrick Canyon (Fig.

7). The timber-searching category, absent in Main and North McKittrick,
was represented by White-breasted Nuthatches in this community. Foliage ‘
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insects remain the most important source of food supporting the avifauna in
this area. The percentage contribution of this category to consuming bio-
mass increased from 39 percent in 1972 to 47 percent in 1973. Nearly all bird
populations belonging to this foraging category increased in 1973 with the
exception of Solitary Vireos (Table 10). The percentage contribution of the
ground-insect class dropped in consuming biomass from 9 percent in 1972 to
a low of 4 percent in 1974. This change was due primarily to a decreased
utilization of the study area by Canyon Wrens. White-breasted Nuthatches
did not nest on the study plot in 1973, thereby reducing the percentage con-
tribution of the timber-searching category to zero for that year.

Eight foraging classes were represented each year in Upper Dog Canyon l
(Fig. 9). The increase in percentage contribution from 1972 to 1973 shown in
the foliage-insect category was influenced by increases in Solitary Vireos,
Blue-gray Gnatcatchers, and Virginia's Warblers (Table 12). A further
increase in 1974 can be attributed to population increases in Warbling
Vireos, Grace’s Warblers, Bushtits, Yellow-rumped Warblers, and Scott’s
Orioles. An increase in the percentage contribution of the ground-seed
category in 1973 resulted from increases in Brown-headed Cowbirds and
Rufous-crowned Sparrows. The drop in percentage contribution in th
foliage-seed category from 1972 to 1973 is the result of reduced utilization by
Acorn Woodpeckers and an absence of Steller’s and Scrub Jays in 1973,
Scrub Jays once again utilized this study area in 1974,

Nine foraging classes were represented in The Bowl (Fig. 11}. The
ground-predator category was represented by Saw-whet Owls which
utilized this study area in 1973, Aerial insects as an avifaunal food source
contributed considerably less to total consuming biomass in The Bowl than
they did in the other study areas. The increase shown in this category from 1

1972 to 1973 resulted in part from increases in populations of Yellow-
rumped Warblers, Western Tanagers, Orange-crowned Warblers, and
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I TABLE 17. Coefficients of similarity of breeding avifaunas between Main McKittrick, North
McKittrick, South MeKittrick, Upper Dog, and The Bowl for 1972, 1973, and 1974.

Main North South

l Study area MeKittrick MeKittrick McKittrick ©PPeT Dog  The Bowl
1972
Main McKittrick 1.00 0.66 0.67 0.50 0.17
North McKittrick 0.66 1.00 0.73 0.54 0,19
South McKittrick 0.67 0.73 1.00 0.64 0.29
Upper Dog 0.50 0.54 0.64 1.00 0.39
he Bow] 0.17 0.19 0.29 0.39 1.00
1973
Main McKittrick 1.00 .71 0.62 0.52 .16
North McKittrick o 1.00 0.56 .52 0.19
South McKittrick 0.62 0.66 1.00 0.68 0.30
Upper Dog 0.52 0.52 .69 1.00 0.34
The Bowl 0.1s 0.19 ¢.30 0.34 1.00
1974
Main McKittrick 1.00 0.66 0.60 0.55 0.24
North McKitirick 0.66 1.00 0.65 0.53 0.17
South McKittrick 0.60 0.65 1.00 0.72 0.33
Upper Dog 0.55 0.53 0.72 1.00 0.35
' The Bowl 0.24 0.17 0.33 0.35 1.00
Violet-green Swallows. A reduction in the Common Flicker population was
in part responsible for the decrease in percentage contribution shown for the
ground-insect category in 1973. Red Crossbills accounted for the higher per-
centage shown in the foliage-seed category for 1972, and the addition of
Acorn Woodpeckers in 1974 accounted for the increase of that year. Fluctu-
I ations in the timber-drilling category were caused by reduced numbers of
Hairy Woodpeckers, the only member of this category, in 1973,

A comparison of the avifaunal communities using the coefficient of simi-
larity as described by Beals (1960) shows, as would be expected, that the can-
on systems were much more similar to each other than they were to The
owl (Table 17). Coefficient of similarity values ranged from zero, for those
avifaunal communities least alike, to 1.00 for identical communities. The
most avifaunally distinct communities were those at the elevation extremes
(Main McKittrick as compared to The Bowl}. Upper Dog Canyon and
South McKittrick Canyon had relatively similar avifaunas, as did the con-
tiguous canyons of the McKittrick system.
l Comparable data to that collected for The Bowl were provided for
coniferous forest regions of Arizona by Carotherset al. (1973). They found
n a ponderosa pine community of the San Francisco Mountains a breeding
':rifauna consisting of 23 species, 232 pairs per 100 acres, 15,993 g per 100



acres standing crop biomass, 3835.9 g per 100 acres consuming biomass, andl
species diversity (Shannon-Weiner index) equal to 2.83. The Arizona study
also included a fir, pine, aspen community and gave the following results: 27
species; 253 pairs per 100 acres; 16,011 g per 100 acres standing crop bio—l
mass; 3936.5 g per 100 acres consuming biomass; species diversity equal to
2,92, The Guadalupe Bowl has 18 and 19 breeding species, respectively, in
common with the ponderosa pine and fir, pine, aspen communities of the
San Francisco Mountains. Species diversity in The Bowl was slightly higherl
than that shown for either community of the Arizona study. In pairs per 100
acres The Bowl was intermediate between the two Arizona sites. Standil,

224 NEWMAN

crop biomass and consuming biomass were less in The Bow! than in eith
Arizona community. The size and sources of the statistical samples used to
determine bird weights may account for discrepancies in biomass computa-
tions between the two geographical lacations.

Snyder (1950) reported on the breeding avifaunas of three differentl
coniferous plant communities in the mountains of Colorado. Population
densities per 100 acres were 102 pairs in Douglas fir—ponderosa pine, 94 pairs
in Engelmann spruce-subalpine fir, and 59 pairs in lodgepole pine. More
than twice as many breeding pairs per 100 acres occurred in the coniferous
forest region of The Bowl than in the Douglas fir-ponderosa pine commu-
nity of Colorado.

Wauer (1971) reported 42 breeding species in the deciduous woodland
communities of the Chisos Mountains. The combined number of breeding
species for comparable deciduous woodland associations (McKittrick Can-
yon system and Upper Dog Canyon) of the Guadalupe Mountains was 45,

Tatschl (1967) found 31 breeding species with a density of 425 breeding
pairs per 100 acres in the ponderosa pine community of the Sandia Moun-
tains of New Mexico. This compares to 32 breeding species and 245 breeding
pairs per 100 acres in the Guadalupe Bowl.

Salt (1957) stated that the efficiency of an avifauna in terms of energy use
is indicated by the ratio of consuming biomass to standing crop biomass.
The smaller the value of the ratio, the more efficient is the avifauna. Salt’s
premise is based on the fact that large birds require less food per gram of
body weight than do small birds. Of the Guadalupe communities studied,
The Bowl had the lowest consuming biomass to standing crop biomass
(CB/SCB) ratio (0.28 in 1972, 0.29 in 1973, 0.26 in 1974). The CB/ SCB rati
of the canyon woodlands ranged from 0.30 to 0.33. Carothers et al. (197
found CB/SCB ratios of 0.25 and 0.24, respectively, in the fir, pine, aspen
community and in the ponderosa pine community of the San Francisco
Mountains in Arizona.

The work of Burleigh and Lowery (1940) provides a document of interest
for comparison to the present study. Though their paper does not present
quantitative data on the breeding avifaunas of the Guadalupes, indications
of abundance are alluded to in the narratives of their species list. Direct com-
parison on a species basis to their work is presented in the appendix to thj
paper.
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l APPENDIX 1

Annotated List of Bird Specimens Collected by
I George A. Newman from the Guadalupe Mountains, Texas

Listed in this appendix are all of the bird specimens collected from the
Guadalupe Mountains by George A. Newman from 1969 to 1974. The
nomenclature used follows that of The A.O.U. Checklist of North American

irds (1957), and published supplements to that work.

Where there has been a significant change in status of a species when com-
pared to earlier ornithological investigations of the Guadalupe Mountains,
notation of such change is made. References to Burleigh and Lowery refer to
their 1940 publication as given in the Literature Cited section of the main

Itext. Detailed information on density and biomass of bird species which
breed in the woodland areas of the southern Guadalupe Mountains may be
found in the text of this report and is not repeated here.

There are 302 specimens representing 99 species and 26 families making up

‘this collection. The numbers given after the initials GAN are the field
numbers of the author. Deposition of the skins is indicated by AMNH
(American Museum of Natural History, New York), A&M (Texas Coopera-

' tive Wildlife Collection—Texas A&M University, College Station, Texas),
H-SU (Hardin-Simmons University, Abilene, Texas).

l Accipiter cooperil (Bonaparte), Cooper's Hawk
1972.—1 adult female, Upper Dog Canyon, 19 June, GAN #302, A&M,
1973.—1 adult female, The Bowl, 26 June, GAN #43%, H-5U.
This species appears to be more common now than when Burleigh and Lowery did their
research. I found active nests in Upper Dog Canyon and in Smith Canyon.
Buteo jamaicensis calurus (Cassin), Red-tailed Hawk
1974.—1 imm. male, The Bowl, 16 June, GAN #499, A&M.
The specimen collected was acquiring its fiest adult plumage; it shows one almost full length
red rectrix along with the typically barred rectrices of immature plumage.
This species regularly breeds in the region of The Bowl and along the high cliffs of Upper Dog
Canyon,
Actitis macularia (Linnaeus), Spotted Sandpiper
1972,—1 adult male, Main McKittrick Canyon, 31 May, GAN #272, A&M.
This species was seen only rarely along the stream in McKittrick Canyon,
Columbha fasciata fasciata (Say), Band-tailed Pigeon
970.—! adult female, South McKittrick Canyon, 21 May, GAN #185, H-S1/.
This species was found to be fairly common as a regular breeding bird along the wooded
I canyon slopes of upper South McKittrick. It was aiso scenregularly during the early summerin
Upper Dog Canyon and in The Bowl. Burleigh and Lowery found this species to be fairly rare,
Otus flammeolus flammeolus {Kaup), Flammulated Owl
1973.—1 adult male, The Bowl, 25 June, GAN #435, H-SU.
l This secretive species was found regularly in The Bowl, but in very few numbers.
Bubo virginianus pallescens (Stone), Great Horned Owl
1973.—1 adult female, Upper Dog Canyon, 11 June, GAN #408, A&M,
This species is a regular breeding bird in the Upper Dog Canyon arca. I have also heard it
ing and have seen it in McKittrick Canyon and The Bowl in early summer.
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Strix occidentalis lucida (Nelson), Spotted Owl l
1972.—1 adult female, Smith Canyon, 30 December, GAN #364, H-SU.

This specics was also recorded in Upper Dog Canyen during early surnmer 1974. It is of rare
occurrence as a breeding species in the Guadalupes.

Aegolius acadicus acadicus (Gmelin), Saw-whet Owl I
1973.—1 imm. male, The Bowl, 23 June, GAN #433, A&M: | imm. female, The Bowl, 23 June,

GAN #4)4, H-5U.

This species was not recorded by Burle