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Foreword

This study was conducted for the Office of the Directorate of Environmental Pro-
grams (DAIM), Assistant Chief of Staff (Installation Management) (ACS[IM])
under project 622720896, “Environmental Quality Technology”; Work Unit CNN-
T081, “ATTACC/EDYS Integration.” The technical monitor was Dr. Vic
Diersing, DAIM-ED-N.

The work was performed by the Ecological Processes Branch(CN-N) of the Instal-
lations Division (CN), Construction Engineering Research Laboratory (CERL).
The CERL Principal Investigator was Dr. Jeffrey S. Fehmi. The work was per-
formed under contract by Dr. Tamara Hochstrasser and Dr. Debra Peters of new
Mexico State University and the U.S. Department of Agriculture, Agricultural
Research Service — Jornada. The technical editor was Gloria J. Wienke, Infor-
mation Technology Laboratory. Mr. Stephen Hodapp is Chief, CEERD-CN-N,
and Dr. John T. Bandy is Chief, CEERD-CN. The associated Technical Director
was Dr. William D. Severinghaus, CEERD-CV-T. The Director of CERL is Dr.
Alan W. Moore.

CERL is an element of the U.S. Army Engineer Research and Development
Center (ERDC), U.S. Army Corps of Engineers. The Commander and Executive
Director of ERDC is COL John Morris III, EN and the Director of ERDC is Dr.
James R. Houston.

DISCLAIMER: The contents of this report are not to be used for advertising, publication, or promotional
purposes. Citation of trade names does not constitute an official endorsement or approval of the use of
such commercial products. All product names and trademarks cited are the property of their respective
owners. The findings of this report are not to be construed as an official Department of the Army position
unless so designated by other authorized documents.

DESTROY THIS REPORT WHEN IT IS NO LONGER NEEDED. DO NOT RETURN IT TO THE
ORIGINATOR.
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Introduction

Background

Army User Requirements

Documentation of the Army’s environmental technology requirements has been
an iterative process that began with a series of meetings in 1993 and the Office
of the Directorate of Environmental Programs’ publication, U.S. Army Environ-
mental Requirements and Needs. The Army’s environmental technology re-
quirements describe the critical research, development, test, and evaluation
needs for accomplishing the Army’s mission with the least impact or threat to
the environment. These requirements are Army-level requirements that were
reviewed for their impacts to readiness and quality of life, impact or threat to the
environment, and timeliness needed for the Army to maintain compliance with
environmental regulations. All major commands, major subcommands, the Of-
fice of the Deputy Chief of Staff for Operations, and the Office of the Deputy
Chief of Staff for Logistics were involved in establishing the prioritized and vali-
dated list of the Army’s environmental technology requirements.

Land Capacity and Characterization is the third priority conservation user re-
quirement. This user requirement defines the Army’s need to estimate training
land carrying capacity. Twenty-eight exit criteria were identified in the Land
Capacity and Characterization user requirement. Each exit criteria defines a
specific product required to address a specific aspect of the overall requirement.
Several of the exit requirements require detailed understanding of installation
natural resources. A comprehensive bibliography of current research in this
area aids synthesis of the available data and analysis and is important to the
success of the project.

Chihuahuan Desert Region

The warm deserts of North America cover an area of about 868,000 km?
(MacMahon 1988). Within this area three different deserts are distinguished
according to climatic and biogeographic criteria: the Mojave, the Sonoran, and
the Chihuahuan deserts. The Chihuahuan Desert is the largest of the three,
covering an area of 453,000 km? in the United States and Mexico. It is charac-
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terized by pronounced summer precipitation (generally about 60 to 90 percent of
the annual precipitation falls in summer) and relatively high elevation (gener-
ally over 1200 m) (MacMahon 1988). Generally the Chihuahuan desert is cooler
than the other warm deserts of North America and has more rainfall. The yearly
mean temperature for a suite of stations across the whole desert is 18.6° C (14-
23° C), and the average precipitation is 235 mm (150-400 mm) (Schmidt 1986).
Outwash plains, valleys, and foothills of the Chihuahuan desert have historically
been dominated by grasslands (Schmutz et al. 1992). These grasslands merge at
lower elevations into desert shrublands and at higher elevations into shortgrass
or plains grasslands, and pifiyon-juniper, oak woodlands or chapparal. Over the
past century, extensive areas of these desert grasslands have been encroached by
shrubs (Van Auken 2000). The species of focus in this bibliography were selected
because of their importance in the desert grassland and shrubland communities
of the North American Chihuahuan desert. In this area, desert grassland com-
munities are generally dominated by Bouteloua eriopoda (black grama) on sandy
loams to clay loams, whereas in the clay rich soil in floodplains and swales (pla-
yas) extensive grasslands dominated by Pleuraphis mutica (=Hilaria mutica, to-
bosa) can be found (Schmutz et al. 1992). Desert shrublands can be dominated
or co-dominated mainly by the following three shrubs: Larrea tridentata (creo-
sotebush), Prosopis glandulosa (honey mesquite), and Flourensia cernua (tar-
bush).

Objective

The objective of this work was to assemble as much published ecological informa-
tion as possible about five dominant arid land species found in the Chihuahuan
Desert of North America.

Chapter 2 contains selected references that significantly contribute to the under-
standing of arid land ecology, but do not specifically speak about the species of
interest. Chapter 3 contains reference information on Bouteloua eriopoda (black
grama). Chapter 4 contains references on Pleuraphis mutica (=Hilaria mutica,
tobosa). Chapter 5 contains Larrea tridentata (creosotebush). Chapter 6 con-
tains Prosopis glandulosa (honey mesquite). Chapter 7 contains Flourensia cer-
nua (tarbush). Furthermore, information gathered on an important subdomi-
nant half-shrub, Gutierrezia sarothrae (=Xanthocephalum sarothrae, broom
snakeweed), is presented in Chapter 8. Chapter 9 contains reference informa-
tion on the ecology of annual species.

Even though the selection of the species was based on their importance in the
North American Chihuahuan desert, the literature search done for this bibliog-
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raphy was not restricted to this particular geographic area. Both work com-
pleted in vegetation dominated by the species of interest as well as work investi-
gating some aspect of their ecology was included in this bibliography. Because
these species dominate such big areas in the warm deserts of North America,
understanding their ecology is extremely important for land managers in this
region. This bibliography, as any other bibliographical work, is not exhaustive.
However, at this point in time it is important to summarize this long history of
research such that a more comprehensive understanding of these species can be
attained. The references here assembled will be summarized into conceptual
models illustrating the differences in the ecological roles of these species. Fur-
thermore, they can be used to parameterize simulation models that support land
management decisions and can help to validate such models. The long history of
research done on these species may also help us understand how shift in the em-
phasis of research over time affected our understanding of these species.

Approach

This bibliography was assembled using online electronic databases to find both
references and abstracts (AGRICOLA, BIOSIS, Current Contents, JSTOR, Jor-
nada LTER bibliography). Furthermore, university library catalogues from New
Mexico State University, Arizona State University, and a combined catalogue of
all the universities of California were searched for unpublished dissertations and
theses. Several individuals at the Jornada Experimental Range (USDA-ARS)
and New Mexico State University in Las Cruces contributed to this work with
their knowledge concerning these species (John Anderson, Robert Gibbens, Lau-
rie Abbott, Ed Fredrickson) and references obtained from them were used here.
Some of the abstracts presented in this bibliography have been scanned with
character recognition software from photocopies and originals of the references.

Scope

The literature review is limited to the Chihuahuan Region of North America and
1s constrained by the available documented information base. As with all bibli-
ographies, new references become available even as this publication is being
printed. We welcome your suggestions. Please email to:

jeffrey.s.fehmi@erdc.usace.army.mil.
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Mode of Technology Transfer

The report and the information it contains are made available with land manag-
ers and research personnel as the primary intended audience.

This report will be made accessible through the World Wide Web (WWW) at
URL:
http://www.cecer.army.mil
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2 Community Structure and Dynamics in
Arid Lands

Agnew, A. D. Q. 1997. Switches, pulses and grazing in arid vegetation. Journal of Arid Environments 37: 609-17.

Allred, K. W. 1996. Vegetative changes in New Mexico rangelands. New Mexico Journal of Science 36: 168-231.
Abstract: Rangelands in New Mexico comprise vegetative communities of woodlands, grasslands, and
shrublands, and occupy about 80% of the land area of New Mexico. Composed of elements from the ancient
Arcto-Tertiary and Madro-Tertiary geofloras, they have been in their present configuration only since the
close of the Pleistocene; earlier rangelands experienced dramatic shifts in distribution and species
composition in response to the glacial advances and retreats and were not always reconstituted in their
former patterns. Vegetative changes of the last 200 years have been comparatively rapid and were
sometimes in response to a suite of factors different from prior environments. Early 19th century
vegetation, surmised from the writings of travelers and explorers, is contrasted with the rangeland
vegetation of present day New Mexico. There has been dramatic increase, in areal extent or in density, of
shrub-dominated communities, generally at the expense of grass-dominated ecosystems. The primeval
occurrence of shrublands scattered throughout New Mexico is also noted, however. Introduction of
numerous exotic plant species has contributed to vegetative change, as well as extirpation of plant species.

Primary agents of change are reviewed, such as human activities, fire, herbivory, climate, and drought.

Archer, S. 1978. Woody plant encroachment into Southwestern grasslands and savannas: rates, patterns and
proximate causes. In Ecological implications of livestock herbivory in the West. Editors M. Yavra, W. A.
Laycock, and R. D. PieperDenver, CO: Society for Range Management.

Abstract: Warm temperature grasslands and savannas which characterized many landscapes in
southwestern North America at the time of European settlement have been replaced by shrublands and
woodlands. These changes in plant life-form composition were coincident with the introduction of large
numbers and high concentrations of livestock. While a cause-effect relationship is implied, it is difficult to
demonstrate, since most evidence is based on anecdotal historical accounts or descriptions from localized
long-term studies, many of which are conflicting. Case studies documenting the rate, pattern and extent of
vegetation change are summarized and used to illustrate how historical inconsistencies might be resolved.
Where vegetation history is reasonably known, causes for changes are evaluated.

Explanations for the proliferation of weedy plants and the associated decline of graminoids have typically
centered around alterations in climatic, grazing and fire regimes. Each of these factors is addressed
individually and in combination. It is argued that: (1) Atmospheric CO2 enrichment and directional shifts

in climate may have occurred, but have not been sufficient, to cause the vegetation changes observed to
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date: (2) Fire is not necessarily required to maintain grasslands or savannas; and (3) Although herbivory,
lack of fire, atmospheric CO2 enrichment and climate have interacted to produce recent vegetation change,
selective grazing by large numbers and high concentrations of livestock has been the primary force in
altering plant life-form interactions to favor unpalatable woody species over graminoids. Conceptual
models illustrating the role of grazers in directing plant succession are presented in the context of

ecosystem resilience, multiple steady states and positive feedbacks.

Archer, S., T. W. Boutton, and K. A. Hibbard. 2001. Trees in grasslands: biogeochemical consequences of woody
plant expansion: Global biogeochemical cycles in the climate system. In Global biogeochemical cycles in the
climate system . Editors Ernst-D. Schulze, S. P. Harrison, M. Heimann, E. A. Holland, J. Lloyd, I. C.
Prentice, and D. Schimel, 115-37. San Diego: Academic Press.

Bailey, Oran F. 1967. "Water availability and grass root distribution in selected soils." M. S. Thesis, New Mexico
State University.

Barbour, M. G. 1973. Desert dogma reexamined: root/shoot productivity and plant spacing. American Midland
Naturalist 89: 41-57.

Barnard, C. M., and L. D. Potter. 1984. New Mexico grasses. A vegetative key. Albuquerque, NM: University of

New Mexico Press.

Binggeli, P. 1996. A taxonomic, biogeographical and ecological overview of invasive woody plants. Journal of

Vegetation Science 7: 121-24.

Branscomb, Bruce L. 1958. Shrub invasion of a southern New Mexico desert grassland range. Journal of Range
Management 11: 129-32.
Abstract: The grazing value of a large portion of the desert grassland in southwestern United States has
been greatly reduced during the last 100 to 150 years by the invasion of undesirable shrubs. Although
much of the present area is now lightly infested, infestation does not have to be heavy before range
productivity is seriously damaged. As the economic welfare of the Southwest depends in large measure
upon its grazing and soil resources, investigations to determine the extent of shrub invasion, rate of range
deterioration, and possible reasons for this retrogression in plant cover are important. In this study,
records of vegetational changes, environmental conditions, and forage utilization were compiled and
analyzed in an attempt to determine the extent of shrub invasion on a southern New Mexico semidesert

grassland range over a thirty-year period.
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Brown, J. R., J. C. Scanlan, and J. G. McIvor. 1998. Competition by herbs as a limiting factor in shrub invasion in

Cable,

grassland: a test with different growth forms. Journal of Vegetation Science 9: 829-36.

Abstract: We tested the hypothesis that seedling establishment, the critical stage in the invasion of
grassland by shrubs, is limited by competition with perennial grasses in seasonally wet/dry savannas. We
placed seeds of two invasive exotic shrubs - Cryptostegia grandiflora, a woody vine, and Acacia nilotica, an
arborescent legume - into pots with a wide range of existing above- and below-ground herbaceous biomass
provided by either a tussock or a stoloniferous perennial grass. We also imposed different levels of watering
frequency (5, 10 and 21 d), nutrient addition (+ and -) and grass clipping intensity (no clipping, clipped to 5
cm and clipped to 25 cm). There was no effect of any treatment on shrub seedling emergence or survival
and all of the seedlings that emerged survived the 90-d growing period. Herbaceous competition also failed
to have an effect on biomass accumulation in shrub seedlings. More frequent watering significantly
increased above- and below-ground biomass accumulation for both shrub species and nutrient addition
significantly increased Cryptostegia biomass accumulation. Based on these results, we question the
proposition that reduction in competition by herbs via livestock grazing has been a significant factor in
determining the rate or pattern of exotic shrub increase in the seasonally wet/dry tropics. We also question
the suitability of the two-layer soil moisture hypothesis as a basis for management practices to control the

ingress of woody species into grasslands and open savannas.

D. R. 1969. Competition in the semidesert grass-shrub type as influenced by root systems, growth habits,
and soil moisture extraction. Ecology 50: 27-38.

Abstract: Measurements of phenological development, herbage production, basal area, and density of
annual and perennial grasses and of the half-shrub burroweed (Aplopappus tenuisectus (Greene) Blake),
over a 4-year period show that production of each class of plant was affected to some extent by each of the
others, except that annual grasses had no effect on burroweed crown area. Production of Arizona cottontop
(Trichachne californica (Benth.) Chase), the dominant perennial grass, was restricted about 25% on plots
with annual grass or burroweed competition and 46% by both together. Annual grass production averaged
18% lower with burroweed competition and 44-54% lower with perennial grass competition. Burroweed
crown area increased 220% on plot with no perennial grass, but only 111% on plots with perennial grass
competition. Presence of burrowed reduced perennial grass yield only moderately, because the root systems
of burroweed and grass do not overlap greatly, and their main growth periods are at different seasons.
High evaporation rates during the summer growing season masked most differences in moisture extraction
between species. During the winter-spring growing period, on the other hand, burroweed depleted the

available soil water rapidly, while water loss on perennial grass plots was little more than from bare soil.

. 1980. Seasonal patterns of soil water recharge and extraction on semidesert ranges. Journal of Range

Management 33: 9-15.
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Caldwell, M. M. 1987. Competition between root systems in natural communities. In Root development and
function. Editors P. J. Gregory, J. V. Lake, and D. A. Rose, 167-85. Cambridge: Cambridge University
Press.

Abstract: Plants invest heavily in root systems, partly to compete effectively for below-ground resources.
An investment in increased root length per unit volume of soil appears to be particularly important. In the
last example cited, the presence of an effective competitor reduced the resource gain by the shrub relative
to that removed in the presence of a weaker competitor even though the shrub was apparently investing
the same in root systems. Thus, the presence of competing roots can increase the cost of root system
investment in order to obtain the same quantity of resource. Although information is scant and
controversial, root systems of neighbouring plants may frequently intermingle and competition between
individual roots of neighbours is probably an important phenomenon. Even when shoots are competing for
light, competition below-ground may be more severe in many instances. Although limited by many
assumptions, theoretical models of root system activity may provide some insight into the nature of
competition for soil resources and the characteristics of root systems that may enhance competitive

potential.

Cannon, W. A. 1911. The root habits of desert plants. 96 pp. Washington: Carnegie Institution of Washington.

Cepeda-Pizarro, Jorge G., and Walter G. Whitford. 1990. Decomposition patterns of surface leaf litter of six plant
species along a Chihuahuan Desert watershed. The American Midland Naturalist 123, no. 2: 319-30.
Abstract: Mass losses from litter bags of surface creosote bush litter placed along a Chihuahuan Desert
watershed were measured to answer the following questions: (1) Do edaphic factors affect organic matter
losses? (2) Are there differences in mass losses between the litter of the site-dominant plant species and
creosote bush leaf litter? We hypothesized that (1) mass losses of all litter types would be higher at the
base of the watershed and lower on the upper portions of the watershed and (2) mass losses of the litter of
the site-dominant plants would be higher than those of creosote bush leaf litter in the same site. Mass
losses from creosote bush leaf litter did not follow the moisture-organic matter gradient present in the
watershed. Mass losses where higher at mid-slope run-on areas than in upper-slope erosional sites and the
dry lake basin. Mass losses were highest where subterranean termite activity was the highest. There were
differences between losses from the litter of the site-dominant and creosote bush leaf litter in some
instances, but these differences were not attributable to differences in lignin content nor C:N ratio. Mass
losses of litter of site-dominant species were not always higher than that of creosote bush leaf litter in the

same site. Mass losses were best described by the double exponential model.

Connin, Sean L., R. A. Virginia, and C. P. Chamberlain. 1997. Carbon isotopes reveal soil organic matter
dynamics following arid land shrub expansion. Oecologia 110, no. 3: 374-86.
Abstract: Over the past century, overgrazing and drought in New Mexico's Jornada Basin has promoted the
replacement of native black grama (Bouteloua eriopoda Torr.) grass communities by shrubs, primarily

mesquite (Prosopis glandulosa Torr.). We investigated the effects of shrub expansion on the distribution,
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origin, turnover, and quality of light (LFC) and heavy (HFC) soil organic matter (SOM) fractions using
delta-13C natural abundance to partition SOM into C4 (grass) and Cs (shrub) sources. Soil organic matter
beneath grasses and mesquite was isotopically distinct from associated plant litter, providing evidence of
both recent shrub expansion and Holocene plant community changes. Our delta-13C analyses indicated that
SOM derived from mesquite was greatest beneath shrub canopies, but extended at least 3 m beyond
canopy-margins, similar to the distribution of fine roots. Specific 14C activities of LFC indicated that root
litter is an important source of SOM at depth. Comparison of turnover rates for surface LFC pools in grass
(7 or 40 years) and mesquite (11 or 28 years) soils and for HFC pools by soil depth (approx. 150-280 years),
suggest that mesquite may enhance soil C storage relative to grasses. We conclude that the replacement of
semiarid grasslands by woody shrubs will effect changes in root biomass, litter production, and SOM

cycling that influence nutrient availability and long-term soil C sequestration at the ecosystem level.

Cornelius, J. M., P. R. Kemp, J. A. Ludwig, and G. L. Cunningham. 1991. The distribution of vascular plant

species and guilds in space and time along a desert gradient. Journal of Vegetation Science 2: 59-72.

Cornet, A. F., C. Montana, J. P. Delhoume, and J. Lopez-Portillo. 1992. Water flows and the dynamics of desert
vegetation stripes. In Landscape boundaries. Consequences for biotic diversity and ecological flows. Editors

A. J. Hansen, and F. di Castri, 327-45. New York: Springer Verlag.

Cross, A. F., and W. H. Schlesinger. 1999. Plant regulation of soil nutrient distribution in the northern
Chihuahuan desert. Plant Ecology 145, no. 1: 11-25.
Abstract: Vegetation throughout the southwestern United States has changed from perennial grassland to
woody shrubland over the past century. Previous studies on the development of 'islands of fertility' focused
primarily on only the most limiting, plant-essential element, soil nitrogen (N). The research presented here
addressed the question of whether other plant-essential elements, namely phosphorus (P) and potassium
(K), showed similar concentration gradients under the desert shrub Larrea tridentata, creosotebush. It also
examined whether the spatial distribution of N, P, and K differed from that of essential, but non-limiting
nutrients, namely calcium (Ca), magnesium (Mg), and sulfur (S), and non-essential elements, namely
sodium (Na), chloride (Cl), and fluoride (F). Within adjacent grassland and shrubland plots, surface soils
were collected under and between vegetation and analyzed for a suite of soil nutrients. Soil nutrient
distribution followed a uniform pattern that mirrored the spatial homogeneity of bunchgrasses in the
grassland, but followed a patchy distribution that mirrored the spatial heterogeneity of individual shrubs
in the shrubland. The main differences were that in the grassland, all elements were uniformly distributed,
but in the shrubland the plant-essential elements, nitrogen, phosphorus, and potassium, were concentrated
under the shrub canopy, and the non-limiting and non-essential elements were either concentrated in the
intershrub spaces or were equally concentrated under shrubs and in the interspaces. Our results show how
vegetation shifts from grassland to shrubland contribute to long-term, widespread change in the structure

and function of desert ecosystems.
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Davis, S. D. 1991. Lack of niche differentiation in adult shrubs implicates the importance of the regeneration

niche. Trends in Ecology and Evolution 6: 272-74.

Dick-Peddie, W. A. 1993. New Mexico vegetation: Past, present, and future. Albuquerque: University of New

Mexico Press.

Ehleringer, J. R. 1993. Carbon and water relations in desert plants: an isotopic perspective. In Stable isotopes and
plant carbon/water relations. Editors James R. Ehleringer, Anthony E. Hall, and Graham D. Farquhar,
155-72. San Diego: Academic Press.

Ehleringer, J. R., S. L. Phillips, W. S. F. Schuster, and D. R. Sandquist. 1991. Differential utilization of summer
rains by desert plants. Oecologia 88: 430-434.

Evenari, M. 1975. Adaptive mechanisms in desert plants. In Physiological adaptation to the environment. Editor

F. J. Vernberg, 111-29. New York: Intext Educational Publishers.

Fischer, R. A., and N. C. Turner. 1978. Plant productivity in the arid and semiarid zones. Annual Review of Plant
Physiology 29: 277-317.

Fonteyn, P. J., and B. E. Mahall. 1978. Competition among desert perennials. Nature 275: 544-45.

Franco-Pizana, J. G., T. E. Fulbright, D. T. Gardiner, and A. R. Tipton. 1996. Shrub emergence and seedling

growth in microenvironments created by Prosopis glandulosa. Journal of Vegetation Science T: 257-64.

Franklin, Janet, Jeff Duncan, and Debra L. Turner. 1993. Reflectance of vegetation and soil in Chihuahuan desert
plant communities from ground radiometry using SPOT wavebands. Remote Sensing of Environment 46:
291-304.

Abstract: The spatially averaged reflectance of a partially vegetated land surface can be modeled as an
area-weighted mixture of the reflectances of different components or classes of objects (plants, shadow) of
the background (soil, grass). We sampled the spectral reflectance of the shaded and unshaded components
of Chihuahuan desert plant communities (shrubs, soil, subshrubs, and perennial grasses) in the SPOT
wavebands using a hand-held radiometer. We examined the mean reflectance differences between
components to evaluate their spectral separability. Shrub canopy and shaded components have similar
reflectance in the visible wavebands. However, in the near-infrared band, which is strongly scattered by
green plant canopies, the shaded canopy and shaded background components were similar to each other

and lower than either sunlit background or sunlit canopy. When reflectance measurements were
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transformed to normalized ratio (NDVI, SAVI) and orthogonal green vegetation indices, the shaded and
sunlit portions of each component (canopy and soil) were similar, but the shaded components were
intermediate between their sunlit counterparts. Different soil types and plant species with different life
forms (e.g., shrubs, grasses) and phenologies exhibited different reflectance characteristics. However, the
broadband reflectances of the three dominant shrub species were similar at the end of the growing season,

in spite of their differences in morphology.

Galeano-Popp, R. 1996. Conserving New Mexico's biodiversity on public lands. In New Mexico's Natural Heritage.
Editors: E. A. Herrera, and L. F. Huenneke, 300-326. Las Cruces: New Mexico Academy of Science.

Gibbens, Robert P., Reldon F. Beck, and W. G. Whitford. Unpublished book chapter. Long-term vegetation trends
in the Jornada Basin: The 1950's drought in historical perspective.

Gosz, J. R. 1995. Edges and natural resource management: future directions. Ecology International 22: 17-34.

Guo, Q., P. W. Rundel, and D. W. Goodall. 1998. Horizontal and vertical distribution of desert seed banks:
patterns, causes, and implications. Journal of Arid Environments 38: 465-78.
Abstract: This study examined small-scale seed distribution using published data collected using the same
techniques and the same group of observers in four locations in North American deserts (Curlew Valley,
Utah in the Great Basin Desert; Rock Valley, Nevada in the Mojave Desert; Silverbell, Arizona in the
Sonoran Desert; and Jornada, New Mexico in the Chihuahuan Desert). The distribution patterns were
examined horizontally (under shrub canopy to open areas) and vertically (measured at the soil surface and
at four depth intervals) in relation to seed morphology. At all four sites, seed distribution of individual
species was positively related to seed abundance. Horizontally, total number of seeds per unit area
decreased from under the shrub canopy to intershrub areas. Vertically, total number of seeds declined as
soil depth increased. Most species were only present in a small proportion of samples. Small seeds were
either abundant and broadly distributed or rare and found in a few samples, but larger seeds were always
low in abundance and restricted to a small proportion of samples. For annual species, significantly higher
proportions of larger seeds than smaller seeds were found deeper in the soil. However, when much larger-
seeded species, i.e. herbaceous perennials and shrubs, were included in the analyses, most very small or
very large seeds were found in the upper-most layers of soils and intermediate to large-sized seeds deeper in
the soils. Such seed distribution related to seed morphology and soil factors may have significant ecological

implications in plant population dynamics and community structure in desert ecosystems.

. 1999. Structure of desert seed banks: comparisons across four North American desert sites. Journal

of Arid Environments 42: 1-14.

Abstract: The similarities and differences in seed bank structure across four locations in the North

American deserts (Curlew Valley, Utah in the Great Basin; Rock Valley, Nevada in the Mojave Desert;
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Silverbell, Arizona in the Sonoran Desert; and Jornada, New Mexico in the Chihuahuan Desert) were
compared using published data. Species composition at Curlew Valley was most distinctive among the four
study sites. In all four sites, average seed size decreased in this order: shrub, herbaceous perennial, and
annual species. Mean seed sizes were similar across the Curlew Valley, Rock Valley and Silverbell sites but
much smaller at the Jornada site. Most species have small seeds, but the number of seeds varied greatly
among these small-seeded species; i.e. seeds of these species could be highly abundant or very rare in the
seed banks. In contrast, very few species have large seeds and the seeds of these species were always rare.
The possible roles of underlying soil and climatic factors in structuring desert seed bank structure are

discussed.

Gutterman, Y. 1994. Strategies of seed dispersal and germination in plants inhabiting deserts. The Botanical

Review 60, no. 4: 373-425.

Harrington, G. N. 1991. Effects of soil moisture on shrub seedling survival in a semi-arid grassland. Ecology 72,
no. 3: 1138-49.
Abstract: Grazing of wooded grasslands by domestic stock has led to dominance by woody plants, in many
parts of the world. In semi-arid grasslands in Australia Dodonaea attenuata is a common, invasive shrub of
perennial grasslands on sandy soils. There is evidence that cohorts of D. attenuata establish infrequently
in vigorous grasslands and more frequently where the perennial grass has been damaged by overgrazing.
This study examined the influence of herbaceous growth on mortality of D. attenuata seedlings, by growing
them in plots with controlled moisture input. The herbaceous layer in the plots was either natural, clipped,
or killed. Without summer irrigation all the seedlings in the natural grassland died. Seedling survival was
inversely related to the amount of herbaceous growth on the other treatments. Summer irrigation
maintained D. attenuata seedlings and produced a large biomass of perennial grass, which left the
seedlings susceptible to grass fires. A water-balance model was run for the experimental site for the 97 yr
of climatic records. The soil-moisture patterns associated with the establishment of three known cohorts of
D. attenuata were identified. The model output was interrogated for similar soil moisture patterns in other
years. It was estimated that only six widespread D. attenuata establishment events have occurred in 97 yr.
In intact grasslands D. attenuata rarely establishes densely, and when it does so it is susceptible to grass
fires. Modern management has increased establishment frequency by increasing the availability of summer
soil moisture by overgrazing the grasslands and has suppressed grass fires. This has changed open

grassland to dense shrubland.

Hastings, James R., and Raymond M. Turner. 1965. The changing mile: An ecological study of vegetation change
with time in the lower mile of an arid and semiarid region. 317 pp. Tuscon, AZ: University of Arizona

Press.
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Havstad, K. M. 1998. An overview of arid grasslands in the Northern Chihuahuan Desert. In The future of arid
grasslands: identifying issues, seeking solutions, Editors B. Tellman, D. M. Finch, C. Edminster, and R.
Hamre. Proc. RMRS-P-3, Fort Collins, CO: U.S. Department of Agriculture, Forest Service, Rocky
Mountain Research Station.

Abstract: The intent of this paper is to outline information on four topics regarding grasslands of the
Chihuahuan desert: 1) general aspects of their ecological dimensions, 2) recent vegetation dynamics, 3)
current threats, and 4) common ground with other desert grasslands. The Chihuahuan desert is a region of
about 350,000 square kilometers. There are at least fifteen different definitions of the boundaries of this
desert. Figure 1 is from Schmidt (1979) and its boundaries are based on an aridity index. Generally, this
index reflects an area of <250 mm of average annual precipitation, an average mean annual temperature of
17° C, and an elevation of >1200 m. This paper will focus on the northern region of the Chihuahuan desert,
an area called the Trans-Pecos which extends from Southeast Arizona across New Mexico into Texas. A
small portion of the Trans-Pecos occurs in west Texas on the upper Pecos River below the Guadalupe
Mountains. The western border of the Chihuahuan Desert in Arizona is defined by the amount of
precipitation occurring during the summer monsoonal months. East of this line in the Sonoran desert >55%
of the annual precipitation occurs during the summer. West of this line in the Chihuahuan desert <565% of

the annual precipitation occurs during the summer months.

Henrickson, J., and M. C. Johnston. 1986. Vegetation and community types of the Chihuahuan desert. In Second
symposium on resources of the Chihuahuan desert region. Editors: J. C. Barlow, A. M. Powell, and B. N.
Timmermann, 20-39. Alpine, Texas: Chihuahuan Desert Research Institute.

Abstract: A classification of plant communities of the Chihuahuan desert region, inclusive of all montane
habitats is presented. A total of 16 intergrading communities is recognized including eight Desert Scrub
and Woodland communities: Chihuahuan Desert Scrub (with 5 facies), Lechuguilla Scrub, Yucca Woodland,
Prosopis-Atriplex Scrub, Alkali Scrub, Gypsophilous Scrub, Arborescent Cactus Scrub, and Riparian
Woodland; three Grassland communities: Grama Grassland, Sacaton Grassland, and Tobosa Grassland; a
Chaparral community: Montane Chaparral; and four Montane Woodland communities: Juniper-Pinyon

Woodland; Oak Woodland, Pine Woodland, and Mixed Fir Forest. Representative species in each are listed.

Herbel, C. H. 1979. Utilization of grass- and shrublands of the southwestern United States. In Management of
semi-arid ecosystems. Editor B. H. Walker, 161-203. Amsterdam, Netherlands: Elsevier Scientific
Publishing Company.

. 1985. Vegetation changes on arid rangelands of the Southwest. Rangelands 7: 19-21.

Abstract: Change, an inherent characteristic of ecosystems, is a recognized feature of vegetation in the arid
and semiarid portions of the southwestern United States. Territorial surveys in the 19th century and
terrestrial photography in the 19th century and early 20th century have been used to establish a base for
vegetation conditions and then for recording variations from this base. All evidence indicates a dramatic

shift from land with a high proportion of grassy vegetation to one dominated by shrubs. Most of these
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changes have occurred in the last 50-100 years. Following are some of the reasons and possible solutions to
problems resulting from these changes that would be applicable to parts of Arizona, New Mexico, and

Texas, with possible use in other arid and semiarid regions of the world.

Hochstrasser, T., G. Kréel-Dulay, D. P. C. Peters, and J. R. Gosz. in press. Vegetation and climate characteristics
of arid and semi-arid grasslands in North America and their biome transition zone. Journal of Arid
Environments.

Abstract: The objective of this study was to investigate the relationship among species richness, functional
group composition, and climate for three sites representing the shortgrass steppe, the Chihuahuan desert
grasslands and their biome transition zone. We found that perennial species richness increased as the
climate became more favorable for plant growth. The biome transition zone was more similar to the
Chihuahuan desert grassland site in most climate and vegetation characteristics, partly because of the
shorter biogeographic distance between the two sites. This study clarified the ecological position of the

biome transition zone site with respect to the adjacent biomes.

Huebner, C. D., J. L. Vankat, and W. H. Renwick. 1999. Change in the vegetation mosaic of central Arizona USA
between 1940 and 1989. Plant Ecology 144: 83-91.

Humphrey, R. R. 1958. The desert grassland a history of vegetational change and an analysis of causes. The
Botanical Review 24, no. 4: 193-252.

Idso, S. B. 1992. Shrubland expansion in the American southwest. Climatic Change 22: 85-86.

Jackson, R. B,, J. Canadell, J. R. Ehleringer, H. A. Mooney, O. E. Sala, and E. D. Shulze. 1996. A global analysis
of root distributions for terrestrial biomes. Oecologia 108: 389-411.

Johnson, A. R., S. J. Turner, W. G. Whitford, A. G. de Soyza, and J. W. Van Zee. 2000. Multivariate
characterization of perennial vegetation in the northern Chihuahuan desert. Journal of Arid Environments
44: 305-25.
Abstract: We surveyed vegetation at 100 sites in southern New Mexico to establish a benchmark for
monitoring vegetation change. Sites were selected in a stratified random design, based on a classified
AVHRR image. Two shrubs (Larrea tridentata and Prosopis glandulosa) are the most important
contributors to perennial cover in the area. Principal components analysis (PCA) and detrended
correspondence analysis (DCA) both clearly delineate these shrublands from the smaller number of
compositionally-varied grassland sites. A latitudinal trend in DCA axis 1 scores suggests that

encroachment of shrubs into grasslands is most pronounced in the southern portion of the study area.



ERDC/CERL SR-02-8 19

Kieft, T. L., C. S. White, S. R. Loftin, R. Aguilar, J. A. Craig, and D. A. Skaar. 1998. Temporal dynamics in soil
carbon and nitrogen resources at a grassland-shrubland ecotone. Ecology 79, no. 2: 671-83.
Abstract: Plant communities of large portions of the southwestern United States have changed from
grassland to desert shrubland. Previous studies have demonstrated that soil nutrient resources become
spatially more heterogeneous and are redistributed into islands of fertility with the shift in vegetation. The
research presented here addressed the question of whether soil resources become more temporally
heterogeneous as well as more spatially heterogeneous when grassland undergoes desertification to form
shrubland. Within adjacent grassland and creosotebush sites, soil profiles were described at three soil pits,
and samples were collected for description of nutrient resources within the profile. Relative abundance of
plant cover and bare soil was determined within each site using line transects. Surface samples (0-20 cm
depth) of bare soil and soil beneath the canopies of grasses and creosotebush were collected 17 times during
1992-1994. Soil samples were analyzed for moisture, extractable ammonium and nitrate, nitrogen
mineralization potential, microbial biomass carbon, total organic carbon, microbial respiration,
dehydrogenase activity, the ratio of microbial C to total organic C (Cuic/Corg), and the ratio of microbial
respiration to biomass carbon (metabolic quotient). The major differences in the structure of soils between
sites were the apparent loss of 3-5 cm depth of sandy surface soil at the creosotebush site and an associated
increase in calcium carbonate content at a more shallow depth. Soils under plants at both sites had greater
total and available nutrient resources, with higher concentrations under creosotebush than under grasses.
Greatest temporal variation in available soil resources was observed in soils under creosotebush. When
expressed on the basis of area, available soil resources were higher in the grassland than in the
creosotebush shrubland, primarily due to the difference in plant cover (45% in grassland, 8% in

creosotebush shrubland).

Lee, C. A. 1990. "The spatial distribution of roots for three plant lifeforms in the shortgrass steppe." M. S. Thesis,
Colorado State University.

Little, E. L. Jr., and R. S. Campbell. 1943. Flora of Jornada Experimental Range, New Mexico. American Midland
Naturalist 30: 626-70.
Abstract: The Jornada Experimental Range is an area of 302 square miles in Dona Ana County, southern
New Mexico. Most of it is in the plain of Jornada del Muerto, 4,000 to 4,600 feet above sea level, with
semidesert (Lower Sonoran) grass and shrubs vegetation; part is on the San Andres Mountains and
foothills that rise into the woodland (Upper Sonoran) zone to a maximum elevation of 8,000 feet. A
collection of specimens of 528 species of ferns and seed plants representing 301 genera and 82 families,
together with a few lower plants, was made here by the Forest Service from 1915 to 1939. A list of the
species is included. The families having greatest representation, with the numbers of species in each, are.
Compositae, 87; Gramineae, 80; Leguminosae, 33; Cactaceae, 16; Cruciferae, 15; and Euphorbiaceae, 15. A
few are State records and extensions of known range. The flora is western and more distinctly
southwestern in distribution. More than two-fifths of the species occur from western Texas to southern
Arizona and northern Mexico and more than two-fifths additional range widely in the western half of the

United States. When the species were classified on the basis of Raunkiaer's life forms, hemicryptophytes
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and therophytes showed the greatest excesses in percentages over Raunkiaer's normal spectrum, and the
percentage of phanerophytes was far below that standard. Approximately half the species are perennial
herbs, one-fourth annual herbs, and one-fourth woody plants, mainly semidesert shrubs. Only 13 species
here have the size and habit of trees. Most of the plants have unusually small leaves. A statistical analysis
of the vegetation is presented, based upon data compiled from range surveys and listing the species that
make up nearly all the vegetation. Only about one-third of the vegetation has high value and the rest is of
low forage value or none. The native vegetation is valuable chiefly as forage for livestock, which in this

locality are mainly cattle grazed yearlong.

Ludwig, J. A. 1977. Distributional adaptations of root systems in desert environments. In 7he belowground
ecosystem. a synthesis of plant-associated processes. Range Science Department Science Series No. 26. J.
K. Marshall, 85-91. Fort Collins, Colorado: Range Science Department, Colorado State University.
Abstract: Early studies on the distribution patterns of root systems of desert plants are reexamined in view
of recent IBP studies. Unpublished studies on root habits of desert plants in North America are used along
with studies from other deserts of the world to support conclusions. The question of occupation of the
subterranean space in a desert introduces the hypothesis that through time plants should distribute their
root systems in order to obtain the necessary volume of water for maximal growth. Evidence is presented to
suggest this hypothesis holds. Excavation studies showed the horizontal distribution of perennial roots is
such that during periods of maximal growth, the extension of temporary fine roots could occupy all
available root space. In documented cases where the spacing of plants is such that it is impossible for roots
to extend the great distance, the openness may be caused by past and present domestic grazing. Exceptions
are extremely arid and unstable dune desert regions. Root:shoot ratios in desert shrub species have been
thought to be high as an adaptive mechanism for drought resistance. Evidence is reviewed and presented
which shows that desert species do not possess high root:shoot ratios. Root:shoot ratios are highly variable
within and between species. Root:shoot ratios do not increase with increasing aridity as has been
suggested; in fact, evidence indicates the reverse is true. Much of the variation in root:shoot ratio in a
desert shrub species is age dependent. Desert shrub species with the broadest local and geographical
distribution have a generalized type of root system, where a tap root and lateral roots are both capable of
extensive horizontal and vertical distribution. This appears to be an adaptation where these species can
establish on the highly varied desert soils. However, this distribution adaptation is probably not unique to
desert shrubs and thus is not a special adaptive mechanism for drought resistance. Other anatomical,
morphological, and physiological adaptations exhibited by desert shrubs are probably of greater importance

to their establishment and long-term survival.

. 1987. Primary productivity in arid lands: myths and realities. Journal of Arid Environments 13: 1-17.
Abstract: We tend to view arid environments as harsh and water-limited, due to low amounts of
precipitation. In fact, many sites within desert regions receive considerable amounts of water due to run-
on; for example, washes (arroyos, wadis). The productivity of these can be high. However, in reality, their
extent is small. We often assume productivity of deserts to be only water-limited. Recent research in arid

ecosystems indicates, however, that nutrients can be critical to production. We also think of desert
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precipitation as being unpredictable, in addition to low in quantity. Nevertheless, many of the major arid
lands of the world are characterized by highly seasonal patterns of precipitation. Native plant and animal
populations have evolved numerous tactics which capitalize on the predictable timing of precipitation.
Humans have learned to exploit this predictability by growing crops and raising livestock that can gain
from seasonal patterns. Humans also manipulate arid environments by removing the limits to productivity
through irrigation and fertilization and, while some cases of agricultural production are noteworthy, the
reality is that the cost/benefit ratio is not favorable. Furthermore, extensive arid and semi-arid areas are
undergoing rapid desertification. Monitoring desertification is essential to our future understanding of arid

and semi-arid land productivity.

Lyford, F. P., and H. K. Qashu. 1969. Infiltration rates as affected by desert vegetation. Water Resources Research
5: 1373-76.

MacMahon, James A. 1988. Warm deserts. In North American terrestrial vegetation. Editors Michael G. Barbour,
and William Dwight Billings, 231-64. Cambridge; New York: Cambridge University Press.

MacMahon, J. A., and F. H. Wagner. 1985. The Mojave, Sonoran and Chihuahuan deserts of North America. In
Hot deserts and arid shrublands. Ecosystems of the world. 12A Editors M. Evenari, I. Noy-Meir, and D. W.
Goodall, 105-201. Amsterdam: Elsevier.

McClaran, M. P., and T. R. Van Devender 1995. The desert grassland. Tucson: The University of Arizona Press.
Chapters: Desert grasslands and grasses (Mitchel P. McClaran), Desert grasslands, mixed shrub savanna,
shrub steppe, or semidesert shrub? The dilemma of coexisting growth forms (Tony L. Burgess); 3- Desert
grasslands history: changing climates, evolution, biogeography, and community dynamics (Thomas R. Van
Devender): 4- Landscape evolution, soil formation, and Arizona's desert grasslands (Joseph R. McAuliffe):
5- The role of fire in the desert grasslands (Guy R. McPherson); 6- Diversity, spatial variability, and
functional roles of invertebrates in desert grassland ecosystems (Walter G. Whitford, Gregory S. Forbes,
Graham I. Kerley); 7- Diversity, spatial variability, and functional roles of vertebrates in the desert
grassland (Robert R. Parmenter, Thomas R. Devender); 8- Human impacts on the grasslands of
southeastern Arizona (Conrad J. Bahre); 9- Revegetation in the desert grassland (Bruce A. Roundy, Sharon

H. Biedenbender).

McClaran, M. P., and M. Umlauf. 2000. Desert grassland dynamics estimated from carbon isotopes in grass
phytoliths and soil organic matter. Journal of Vegetation Science 11: 71-76.
Abstract: We document the potential for using carbon isotopes in both soil organic matter (SOM) and grass
phytoliths in soil to increase the temporal and taxonomic resolutions of long term vegetation dynamics.
Carbon isotope values from both SOM and phytoliths are expected to describe both the age of material
through 14C dating, and the photosynthetic pathway of the source plant material through ratios of 12C/3C.
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Taxonomic resolution is increased because the phytoliths examined are specific to grasses, whereas the
SOM reflects the contribution of all the vegetation. Temporal resolution is increased because phytoliths are
less mobile in the soil profile than SOM, and can therefore provide older dates from the same soil depth.
Our results, from a desert grassland site in southwestern North America, largely confirm these
expectations and show that C4 species have dominated the grass composition for the last 8000 yr. Cs non-
grass vegetation increased about 100-350 yr BP, and no significant C3 grass or non-grass vegetation existed

between 350-2000 yr BP.

McLaughlin, S. P. 1986. Floristic analysis of the Southwestern United States. Great Basin Naturalist 46: 47-65.
Abstract: A study was made of the distributions of native, terrestrial, vascular plants occurring in 50 local
floras from throughout the Basin and Range and Colorado Plateau physiographic provinces of the
southwestern United States. The objectives of the study were to objectively define and describe the floristic
elements-assemblages of species with roughly coincident geographic distribution-occurring in the
southwestern United States and to determine what such assemblages reveal about the floristic history of
the region. The total flora (native, terrestrial species only) of the Southwest is estimated at 5,458 species,
77% of which were recorded in 1 or more of the local floras. Nearly 2296 of these species are endemic to the
study region. A majority of the species were found to be relatively rare. The average range of a species
included only 4 floras, and 90% of the species were recorded from 11 or fewer floras; only 81 species (1.5%)
were recorded from 50% or more of the floras. Trees constitute 2% of the regional flora and have the widest
average distribution; perennial herbs constitute 59% of the flora and have the most restricted distributions.
Factor analysis was used to identify seven floristic elements for the region: a Great Basin element, a
Mojavean element, a Colorado Plateau element, a Chihuahuan element, an Apachian element, and a
Mogollon element. This factor analysis solution was shown to satisfy criteria of interpretability and
consistency. The Mojavean, Colorado Plateau, and Apachian elements are believed to be autochthonous.
The other four elements show high overlap in species composition with one or more adjacent regions. Each
floristic element is mapped to show its geographic form and distribution. Analysis of these maps shows how
the existence of objectively defined floristic elements is not contradictory to either the individualistic view
of the distribution of a species or local continuity of vegetation and flora. The rarity of the majority of
species and the clear association of floristic elements with rather narrowly circumscribed Holocene
environments suggests that many Southwestern species have migrated little and are of rather recent,
probably postglacial origin. Geographic "principles" derived from the distribution patterns of relatively few,

widespread, dominant, usually woody species may not be applicable to entire, regional floras.

Noy-Meir, 1. 1979-1980. Structure and function of desert ecosystems. Israel Journal of Botany 28: 1-19.

Paulsen, Harold A. Jr. 1953. A comparison of surface soil properties under mesquite and perennial grass. Ecology
34, no. 4: 727-32.
Abstract: Samples from the surface inch of soil from native black grama- Rothrock grama grassland areas

and interspersed areas recently invaded by mesquite were analyzed for physical and chemical properties.
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The samples were obtained from the foothill vegetation type on the Santa Rita Experimental Range in
southeastern Arizona. The soil of the sampling area is typed as a Tumacacori coarse sandy loam. The
laboratory analyses indicate the soil under the mesquite cover to be deteriorated in both chemical and
physical properties. The latter is believed of greater importance since the indicated reduction in the
nutrient capital is not believed to have reached the minimal requirements of the grasses. Physically, the
soil under the mesquite was coarser, lower in pore volume, and higher in volume-weight. Soil structure and
moisture relations were apparently less favorable and there was shown to be more instability of the surface

soil.

Paylore, P. 1969. Bibliographical sources for arid lands research. Arid lands in perspective. W. G. McGinnies, and

B. J. Goldman, 249-75. Tucson, AZ: University of Arizona Press.

Persson, H. and I. O. Baitulin (Editors) 1996. Plant root systems and natural vegetation. Uppsala: Opulus Press.

Pieper, R. D., J. C. Anway, M. A. Ellstrom, C. H. Herbel, R. L. Packard, S. L. Pimm, R. J. Raitt, E. E. Staffeldt,
and J. G. Watts. 1983. Structure and function of North American Desert Grassland ecosystems. Special
Report. Agricultural Experiment Station. New Mexico State University 39: 1-298.

Pilmanis, A. M., and W. H. Schlesinger. 1999. Spatial assessment of desertification in terms of vegetation pattern
and available soil nitrogen. In Proceedings of the Fifth International Conference on Desert Development,
Editors Idris Rhea Taylor, Harold Dregne, and Kary MathisLubbock, Texas: Texas Tech University Press.
Abstract: The objective of this study was to use spatial statistics to quantify the effects of desertification on
the distribution of biomass and available nitrogen in Chihuahuan desert black grama (Bouteloua eriopoda)
grassland, which has been invaded by honey mesquite (Prosopis glandulosa) shrubland. This research is a
portion of analysis of spatial patterns and interrelationships of ecological variables across a desertification
gradient, with the larger goal of being to improve our understanding of the mechanisms underlying
desertification in southwestern ecosystems. This study tested the sensitivity of "Geostatistics" and "Spatial
statistics" to detect subtle differences between ecosystems, such as those occurring across a continuous

gradient of desertification.

Reynolds, J. F., P. R. Kemp, and J. D. Tenhunen. 2000. Effects of long-term rainfall variability on
evapotranspiration and soil water distribution in the Chihuahuan Desert: A modeling analysis. Plant
FEcology 150: 145-59.

Abstract: We used the patch arid land simulator (PALS-FT) -- a simple, mechanistic ecosystem model -- to
explore long-term variation in evapotranspiration (ET) as a function of variability in rainfall and plant
functional type (FT) at a warm desert site in southern New Mexico. PALS-FT predicts soil evaporation and
plant transpiration of a canopy composed of five principal plant FTs: annuals, perennial forbs, C4 grasses,

sub-shrubs, and evergreen shrubs. For each FT, the fractional contribution to transpiration depends upon
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phenological activity and cover as well as daily leaf stomatal conductance, which is a function of plant
water potential, calculated from root-weighted soil water potential in six soil layers. Simulations of wat6er
loss from two plant community types (grass- vs. shrub-dominated) were carried out for the Jornada Basin,
New Mexico, using 100 years of daily precipitation data (1891-1990). In order to emphasize variability
associated with rainfall and fundamental differences in FT composition between communities, the seasonal
patterns cover of perennials were held constant from year to year. Because the relative amount of year to
year cover of winter and summer annual species is highly variable in this ecosystem, we examined their
influence on model predictions of ET by allowing their cover to be variable, fixed, or absent. Over the
entire 100-yr period, total annual ET is highly correlated with total annual rainfall in both community
types, although T and E alone are less strongly correlated with rainfall, and variation in transpiration is
nearly 3 times greater than evaporation and 2 times greater than variation in rainfall (CV of rainfall =
35%). Water use shows a relatively high similarity between the grass- and shrub-dominated communities,
with a 100-yr average T/ET of 34% for both communities. However, based on a year-by-year comparison
between communities, T/ET was significantly greater in the grass-dominated community, reflecting the
fact that over the long term more than half of the rain occurs in the summer and is used slightly more
efficiently (T>E) by the Cs-grass community than the shrub community, although we found some rainfall
patterns that resulted in much greater T/ET in the shrub community in a given year. Percent of water lost
as transpiration (T/ET) suggests that while there is a general trend toward increased T/ET with rainfall in
both community types, T/ET is extremely variable over the 100-yr simulation, especially for normal and
below normal amounts of rainfall (T/ET values range from 1 to 58% for the grass-dominated site and 6 to
60% for the shrub-dominated site). These predictions suggest that because of the relatively shallow
distribution of soil water, there is little opportunity for vertical partitioning of the soil water resource by
differential rooting depths of the plant FTs. However, functional types may avoid competition by keying on
particular "windows" of moisture availability via differences in phenologies. We found very little
differences in average, long-term model predictions of T, E, and ET when annual plant cover was variable,
fixed, or absent. The results of our simulations help reconcile some of the disparate conclusions drawn
from experimental studies about the relative contribution of transpiration vs. evaporation to total

evapotranspiration, primarily by revealing the great year-to-year variability that is possible.

Reynolds, J. F., R. A. Virginia, and W. H. Schlesinger. 1997. Defining functional types for models of

desertification. In Plant functional types. Their relevance to ecosystem properties and global change.
Editors T. M. Smith, H. H. Shughart, and F. I. Woodward, 195-216. Cambridge, UK: Cambridge University

Press.

Schlesinger, William H., and Adrienne M. Pilmanis. 1998. Plant-soil interactions in deserts. Biogeochemistry 42:

169-87.

Abstract: Geostatistical analyses show that the distribution of soil N, P and K is strongly associated with
the presence of shrubs in desert habitats. Shrubs concentrate the biogeochemical cycle of these elements in
"islands of fertility" that are localized beneath their canopies, while adjacent barren, intershrub spaces are

comparatively devoid of biotic activity. Both physical and biological processes are involved in the formation
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of shrub islands. Losses of semiarid grassland in favor of invading shrubs initiate these changes in the
distribution of soil nutrients, which may promote the further invasion and persistence of shrubs and cause

potential feedbacks between desertification and the Earth's climate system.

Schlesinger, W. H., J. F. Reynolds, G. L. Cunningham, L. F. Huenneke, W. M. Jarrell, R. A. Virginia, and W. G.
Whitford. 1990. Biological feedbacks in global desertification. Science 247: 1043-48.

Schlesinger, William H., T. J. Ward, and John Anderson. 2000. Nutrient losses in runoff from grassland and
shrubland habitats in southern New Mexico: II. Field plots. Biogeochemistry 49: 69-86.
Abstract: Losses of dissolved nutrients (N, P, K. Ca, Mg, Na, Cl, and SO4) in runoff were measured on
grassland and shrubland plots in the Chihuahuan desert of southern New Mexico. Runoff began at a lower
threshold of rainfall in shrublands than in grasslands, and the runoff coefficient averaged 18.6% in
shrubland plots over a 7-year period. In contrast, grassland plots lost 5.0 to 6.3% of incident precipitation
in runoff during a 5.5-year period. Nutrient losses from shrubland plots were greater than from grassland
plots, with nitrogen losses averaging 0.33 kg ha'lyr! vs. 0.15 kg ha'lyr, respectively, during a 3-year
period. The greater nutrient losses in shrublands were due to higher runoff, rather than higher nutrient
concentrations in runoff. In spite of these nutrient losses in runoff, all plots showed net accumulations of
most elements due to inputs from atmospheric deposition. Therefore, loss of soil nutrients by hillslope
runoff cannot, by itself, account for the depletion of soil fertility associated with desertification in the

Chihuahuan desert.

Schmidt, R. H. Jr. 1979. A climatic delineation of the 'real' Chihuahuan desert. Journal of Arid Environments 2:
243-50.
Abstract: The Chihuahuan Desert is one of the least-known regions in North America. The lack of scientific
investigation by any discipline is reflected by the vague and inconsistent boundaries assigned to this arid
zone. Placing the Chihuahuan Desert into a regional framework is further complicated by the lack of
studies which extend across the international boundary between the United States and Mexico. This
investigation was undertaken to provide a more detailed and definitive map of the Chihuahuan Desert.
Mean annual temperatures and precipitation values, obtained for nearly 800 weather stations, were
utilized to delineate the Chihuahuan Desert based upon the de Martonne aridity index. Using an aridity
index <10, it was found that the Chihuahuan Desert occupies approximately 350,000 km?, and includes 115
weather stations. As large areas exist where climatic data are not available, or where long-term climatic
records are non-existent, twelve other delineations of this arid zone were mapped at the same scale to
make possible a comparison, and provide additional basis for establishing relatively firm boundaries for

North America's least known desert.

. 1986. Chihuahuan climate. In Second symposium on resources of the Chihuahuan desert region. Editors J.
C. Barlow, A. M. Powell, and B. N. Timmermann, 40-63. Alpine, Texas: Chihuahuan Desert Research

Institute.
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Schmutz, E. M., E. L. Smith, P. R. Odgen, M. L. Cox, J. O. Klemmedson, J. J. Norris, and L. C. Fierro. 1992.
Desert grassland. FEcosystems of the world. Natural grasslands. 8a ed., R. T. Coupland, 337-62.

Amsterdam: Elsevier Scientific Press.

Shmida, A. 1985. Biogeography of the desert flora. In Hot deserts and arid shrublands. Ecosystems of the world.
12A Editors M. Evenari, I. Noy-Meir, and D. W. Goodall, 23-77. Amsterdam: Elsevier.

Shreve, F. 1934. Rainfall, runoff and soil moisture under desert conditions. Annals of the Association of American

Geographers 24: 131-56.

Shreve, F. 1942. The desert vegetation of North America. The Botanical Review 8: 195-246.

Sims, P. L., and J. S. Singh. 1978. The structure and function of ten western North American grasslands. III. Net
primary production, turnover and efficiencies of energy capture and water use. Journal of Fcology 66: 573-

97.

Sims, P. L., J. S. Singh, and W. K. Lauenroth. 1978. The structure and function of ten western North American
grasslands. I. Abiotic and vegetational characteristics. Journal of Ecology 66: 251-85.

Smith, S. D., D. T. Patten, and R. K. Monson. 1987. Effects of artificially imposed shade on a Sonoran desert
ecosystem: microclimate and vegetation. Journal of Arid Environments 13: 65-82.
Abstract: Artificial shading was provided to a Sonoran Desert ecosystem with an array of 12 regularly
spaced, opaque structures. Shading resulted in a cooler, moister microhabitat below and behind each
structure. Open gaps between structures also exhibited moister soils relative to a control. Ephemeral
plants increased in species diversity and showed a shift in species composition in shaded microsites, but
exhibited decreased total biomass relative to controls. A deciduous shrub, Ambrosia deltoidea, had more
mesophytic leaves, higher leaf area, carbon dioxide assimilation and growth in shaded microsites. An
evergreen shrub, Larrea tridentata, had highest carbon dioxide assimilation and growth in sunny
microsites within the array of shading structures. The plant responses observed in this study illustrate the

contrasting adaptations of different desert life forms from the same habitat.

Soriano, A., and O. Sala. 1983. Ecological strategies in a Patagonian arid steppe. Vegetatio 56: 9-15.
Abstract: The vegetation in the Coironal arid steppe consists of grasses and shrubs. The objective of this
paper was to test Walter's hypothesis that woody vegetation and grasses compete for water in the upper
layers of the soil, but woody vegetation has exclusive access to a source of water at deeper levels. Analysis

of root profiles and patterns of leaf and soil water potential led us to accept the hypothesis for this arid
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steppe. Additional information on phenology and on the ability of the major grass species to respond to
watering permitted to identify two ecological strategies corresponding to grasses and shrubs. Grasses
behave as opportunists having always leaves ready to grow as soon as water becomes available. They have
a shallow root system and are able to respond very rapidly to increases in soil water availability. In
contrast, woody species have a clear-cut periodic pattern of growth and dormancy. They possess thick
horizontal roots running below 35-40 cm and utilized water stored in lower layers of the soil. A
diagrammatic model summarizes the role of periodic and opportunistic species upon water circulation in
the ecosystem. The effect of changes in the proportion of the two groups upon water dynamics is also

discussed.

Stein, Rebecca A., and John A. Ludwig. 1979. Vegetation and soil patterns on a Chihuahuan desert bajada.
American Midland Naturalist 101, no. 1: 28-38.
Abstract: Vegetation and soils were sampled along a 1100-m transect on a bajada, in southern New Mexico
to determine if present vegetation patterns can be interpreted from soil patterns. Species cover was
measured in 66 plots, each 50.3 m2. Of these, 22 were randomly chosen as sites for soil pits, which were
described and analyses conducted on the top (A1) horizon. The plots were clustered into four communities:
Erioneuron pulchellum desert grassland transition, Larrea tridentata desert shrub, Bouteloua
curtipendula semidesert grassland and Bouteloua eriopoda desert grassland. Soils of these communities
differ significantly in pH, Mg, organic carbon and total nitrogen. These soil chemistry differences could be
due to relatively recent changes from Bouteloua grassland to Larrea shrubland, as indicated by our dead
shrub data and as documented for many bajadas in southern New Mexico. However, soil series and
geomorphic surface patterns, which are not readily affected by recent vegetation changes, suggest that
Larrea may always have been an important shrub on shallow calcareous soils (of erosional surfaces) in
southern New Mexico. Its importance as a mosaic type in the once extensive desert grasslands has

probably been underestimated.

Sun, G., D. P. Coffin, and W. K. Lauenroth. 1997. Comparison of root distributions of species in North American
grasslands using GIS. Journal of Vegetation Science 8: 587-96.

Syvertsen, J. P., G. L. Nickell, R. W. Spellenberg, and G. L. Cunningham. 1976. Carbon reduction pathways and

standing crop in three Chihuahuan desert plant communities. Southwestern Naturalist 21: 311-20.

Teeri, J. A., and L. G. Stowe. 1976. Climatic patterns and the distribution of C4 grasses in North America.
Oecologia 23: 1-12.
Abstract: A stepwise multiple regression analysis was used in an attempt to correlate statistically the
geographic patterns in the abundance of C4 grasses with patterns in climatic variables. The percent of
grasses having the C4 pathway was computed for the total grass flora in twenty-seven widely spaced
regions of North America. From long-term climatic records seasonal and annual values for solar irradiance,

water supply, heat availability, and combinations of these variables were assigned to each of the twenty-
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seven regions. The results of the analysis suggest that high minimum temperatures during the growing
season have the strongest correlation with the relative abundance of C4 grass species in a regional flora. It
appears that the deleterious effects of low temperatures during growth negate the advantages of possessing

the C4 pathway in cooler habitats.

Thompson, J., and L. F. Huenneke. 1996. Nurse plant associations in the Chihuahuan Desert shrublands. In

Proceedings: symposium on shrubland ecosystem dynamics in a changing environment, Compilers J. R.
Barrow, E. D. McArthur, R. E. Sosebee, and R. J. Tausch, 158-64 Ogden, UT: U.S. Department of
Agriculture, Forest Service, Intermountain Research Station.

Abstract: Spatial studies in the Chihuahuan Desert of associations with Larrea shrub islands found
juveniles more often associated with shrub islands than unassociated. The spatial structure of the shrub
islands points to Nurse Plant facilitation of seedlings. Experiments tested the effects of canopy, shrub
islands, and understory on five perennials' germination. Longer survival times, but not higher
germination, of Zinnia acerosa were found beneath artificial canopies in intershrub areas and cleared
shrub islands as compared to intact shrub islands. Therefore, Zinnia may be poor competitor, preferring

germination microsites with few competitors, regardless of Nurse Plant effects.

USDA NRCS. 1999. "The PLANTS database." Web page. Available at http://plants.usda.gov/.

Van Devender, T. R. 1986. Pleistocene climates and endemism in the Chihuahuan desert flora. In Second

symposium on resources of the Chihuahuan desert region. Editors J. C. Barlow, A. M. Powell, and B. N.

Timmermann, 1-19. Alpine, Texas: Chihuahuan desert research institute.

Van Devender, T. R., and W. G. Spaulding. 1979. Development of vegetation and climate in the Southwestern

United States. Science 204: 701-10.

Abstract: Plant macrofossils in ancient packrat middens document the presence of woodland communities
in most of the present Chihuahuan, Sonoran, and Mojave deserts in the southwestern United States during
the late Wisconsinan (22.000 to 11,000 years before present by radiocarbon dating). Warm desert species
were common in the woodlands at lower elevations and mixed conifer and subalpine forests were present at
high elevations. Inferred mild, wet winters and cool summers produced unusual plant and animal
associations compared to those of today. Montane communities acquired modern aspects and more
mesophytic species disappeared from lower woodlands about 11,000 years ago. Early Holocene xeric
woodlands and an inferred winter precipitation regime persisted until about 8000 years ago. The present
circulation patterns, rainfall regimes, and biotic distributions probably formed as a result of the melting of
the continental ice sheets. Southwestern communities appear to have responded quickly to climatic

changes compared to the gradual responses of central and eastern United States forest communities.
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Vora, R. S., and J. F. Messerly. 1990. Changes in native vegetation following different disturbances in the lower
Rio Grande valley, Texas, USA. Texas Journal of Science 42, no. 2: 151-58.
Abstract: Permanent plots established in 1981 were censused again in 1986 at the Palmview tract of the
Rio Grande Valley National Wildlife Refuge in southern Texas. Successional changes from bareground to
communities dominated by dry-land willow (Baccharis neglecta) and huisache (Acacia smallii) were
documented. In formerly grazed woodlands, overstory honey mesquite (Prosopis glandulosa) trees grew an
average of 2.5 meters in height over the five-year period. Understory honey mesquite trees were dying, and
cover of herbaceous vegetation declined. Cover of woody species such as coma (Bumelia celastrina),
granjeno (Celtis pallida), brasil (Condalia hookeri), and Texas ebony (Pithecellobium flexicaule) were

increasing beneath honey mesquite.

Walker, B. H., and 1. Noy-Meir. 1982. Aspects of the stability and resilience of savanna ecosystems. FEcology of
tropical savannas. B. J. Huntely, and B. H. Walker, 556-90. New York: Springer Verlag.

Went, F. W. 1955. The ecology of desert plants. Scientific American 192: 68-75.

Westoby, M. 1979-1980. Elements of a theory of vegetation dynamics in arid rangelands. Israel Journal of Botany
28: 169-94.
Abstract: Under grazing pressure the vegetation of rangelands is often altered. Range managers
traditionally have thought of these changes as retrogression or disturbance, setting climax vegetation back
to a seral stage. Unfortunately, removing the grazing pressure often does not reverse the changes in the
way the succession model would predict. Here four elements are sketched out of a theory which can deal
with these exceptions. First, which plant growth-forms win competition often depends not only on the
growth-forms but also on which is present as established adults, or on which is most abundant. Second,
vegetation changes can sometimes induce soil changes. The extent to which reversing a vegetation change
depends on soil restoration varies greatly, and the speed with which soil structure can be restored varies
from rapid to negligible. Third, the impact of grazing on different life-forms varies greatly in different
situations; in particular, the nature of and scope for selectivity is very different in dense grasslands, where
much of the primary production is being removed, compared to open arid vegetation. Fourth, a new model
is outlined for the adaptation of plant growth-forms to different arid climates. This model shows that
different growth-forms can coexist stably in arid regions because they use different growth opportunities in
complex weather sequences. Climates with the same general level of aridity can offer very different
mixtures of growth opportunities, because of patterning of rainfall in time; accordingly different mixtures
of growth-forms are found. These growth-forms are adapted demographically, not just physiologically. After
particular weather sequences, some species may be present only as seeds or seedlings, while others are
present as adults; thus above-ground vegetation can vary even while the mixture of populations present is
stable. One growth-form, such as annuals, can include several distinct demographic strategies, with
different responses both to drought and to gazing. These four elements of a theory, taken in different

combinations, can explain both classical cases of range succession and the important exceptions.
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Whitford, W. G., K. Stinnett, and J. Anderson. 1988. Decomposition of roots in a Chihuahuan desert ecosystem.
Oecologia 75: 8-11.

Wierenga, P. J., J. M. H. Hendrickx, M. H. Nash, J. Ludwig, and L. A. Daugherty. 1987. Variation of soil and
vegetation with distance along a transect in the Chihuahuan Desert. Journal of Arid Environments 13: 53-

63.

Wilson, J. B., and A. D. Q. Agnew. 1992. Positive-feedback switches in plant communities. Advances in ecological

research. 23 ed., M. Begon, and A. H. Fitter, 263-336. London: Academic Press.

Wondzell, Steven Michael. 1984. "Recovery of desert grasslands in Big Bend National Park following 36 years of

protection from grazing by domestic livestock." M. S. Thesis, New Mexico State University.

Wondzell, Steven M., Gary L. Cunningham, and Dominique Bachelet. 1996. Relationships between landforms,
geomorphic processes, and plant communities on a watershed in the northern Chihuahuan Desert.
Landscape Ecology 11, no. 6: 351-62.

Abstract: The close correlation of plant communities to landforms and geomorphic surfaces resulted from
differences in the redistribution of water and organic matter between landforms in the northern
Chihuahuan Desert. Biotic processes are limited by water and nitrogen, and the interactions between
landforms, geomorphic processes, soils, and plant communities control the redistribution of these limiting
resources within internally drained catchments. Geomorphic processes are regulated by the geologic
structure and gross topographic relief of internally drained catchments over geological time scales. Land
forming processes can be viewed as static at the time scales of 10's to 100's of years, with individual
landforms regulating geomorphic processes, namely erosion and deposition resulting from the horizontal
redistribution of water within the catchment. The vegetation composition is a critical feedback, reinforcing
the erosional or depositional geomorphic processes that dominate each landform.

The Jornada Long-Term Ecological Research site may be one of the simplest cases in which to decipher the
relationship between landforms, geomorphic processes and plant communities. However, these geomorphic
processes are common to all internally drained catchments throughout the Basin and Range Province, and
result in the development of characteristic landforms and associated vegetation communities. Although the
patterns may be modified by difference in parent material, watershed size, and land use history - erosional,
depositional, and transportational landforms can still be identified.

The sharpness of ecotones between plant communities on individual landforms is related to the degree to
which landforms are linked through the flow of water and sediment. Sharp ecotones occurred at the
transition from depositional to erosional landforms where little material was transferred and steep
environmental gradients are maintained. Gradual ecotones occurred at the transition from erosional to
depositional landforms where large quantities of material were transferred leading to the development of a

gradual environmental gradient.
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The relationships between geomorphic processes and vegetation communities that we describe have
important implications for understanding the desertification of grasslands throughout semi-arid regions of
North America. Disturbances such as grazing and climate change alter the composition of plant
communities, thereby affecting the feedbacks to geomorphic processes, eventually changing drainage

patterns and the spatial patterns of plant communities supported within the landscape.

Wood, J. C., M. K. Wood, and J. M. Tromble. 1987. Important factors influencing water infiltration and sediment
production on arid lands in New Mexico. Journal of Arid Environments 12: 111-18.
Abstract: Factors influencing infiltration rates and sediment production were evaluated on representative
study areas of four watersheds in New Mexico under various land management practices. Multiple
regression analysis was used to determine the most important factors influencing infiltration and sediment
production. Factors found important were soil texture, soil organic matter, soil bulk density, plant cover,
biomass production, time to runoff and time to ponding. Of all variables studied, total ground cover was

considered to be the most important single variable influencing infiltration and sediment production.

Wright, Robert A. 1982. Aspects of desertification in Prosopis dunelands of southern New Mexico, USA. Journal of
Arid Environments 5: 277-84.
Abstract: Mesquite shrubs in long-established plots registered increases in numbers and cover for most
observation periods, in spite of drought, herbicide treatment and protection from grazing. The few
decreases noted seem to be accounted for by drought and herbicide. Changes in the biotic and physical
environment are incorporated into a model that shows their respective roles in effecting the conversion

from grass- to shrub-dominated ecosystems.

Yool, Stephen R. 1999. Multi-scale analysis of disturbance regimes in the northern Chihuahuan Desert. Journal of
Arid Environments 40, no. 4: 467-83.
Abstract: Remote sensing facilitates cross-scale validation, enables analysis of processes and patterns in
time and space, and is thus viable for the conduct of earth system science. Multi-scale analyses of natural
vegetation patterns and processes in the northern Chihuahuan Desert show that natural vegetation is
capable of recovering from short-term, high intensity disturbances such as an atomic bomb blast. In
contrast, mesquite dunelands persist on other sites grazed before the blast, showing the Chihuahuan is less
resilient to long-term low intensity disturbances. A geographic information system (GIS) was used to
register historical Landsat Multi-Spectral Scanner (MSS) data acquired over Trinity National Historic Site
(TNHS), New Mexico, and the vicinity. Aerial and ground photography provide supporting detail, at finer
scales, regarding the distribution and pattern of natural vegetation at TNES Ground Zero and adjacent
weapons impact targets. Aside from initial mechanical or thermal damage to vegetation from the first
atomic test over a half century ago, analyses of vegetation at satellite and airphoto scales show no apparent

persistent blast effects around TNHS.
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York, J. C., and W. A. Dick-Peddie. 1969. Vegetation changes in southern New Mexico during the past hundred
years. Arid lands in perspective. W. G. McGinnies, and B. J. Goldman, 155-66. Tucson, AZ: University of
Arizona Press.

Abstract: The mesas of southern New Mexico were covered by grass in the middle of the last century. This
grass was primarily grama grass (Bouteloua sp.). Mesquite occurred in limited areas on shallow sandy soil,
but more importantly it occurred around Indian campsites. Creosotebush was restricted to well-drained
gravelly hilltops and narrow patches in the foothills of mountains. Juniper stands were on mountain
foothills usually higher or further north than creosotebush. The area was correctly classified desert
grassland. All the other species have greatly expanded their ranges during the past hundred years, usually
in response to a reduction in grass cover. The grass has not completely disappeared or even changed its
boundaries in all cases. In one instance a secondary replacement of mesquite by creosotebush has taken
place. The speed of the recent occupation by mesquite may be attributed to the effects of cattle in the
presence of ideal source pockets of mesquite around old Indian campsites. The speed with which this
almost complete replacement of grass has taken place in southern New Mexico coupled with the fact that
isolated areas are unchanged indicates that climate has not been a factor. The topography and biomass
potential of southern New Mexico make it highly unlikely that the area could ever have carried a fire. The
appearance of the grazing industry is the only factor which coincides with the time of this spectacular
change. Although the grasslands of southern New Mexico were extensive and dominated the area, they
were on the xeric edge of the continental Grassland Formation. A single factor such as grazing was
evidently enough to set in motion a series of relatively rapid events which culminated in a desert shrub
vegetation. Even though the climate is virtually unchanged, the surface horizon which 100 years ago
supported grassland is undoubtedly long gone down the arroyos or formed into dunes. Until there is a
climatic change, therefore, most of southern New Mexico can be considered to be a desert climax rather

than a desert grassland climax as it was 100 years ago.
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3 Bouteloua eriopoda (Torr.) Torr. (Black
grama)

Black grama is a stoloniferous, drought tolerant, C4 perennial grass. It is char-
acterized by its hairy internodes. Even though in southern New Mexico repro-
duction by seeds is infrequent under the current climatic conditions (Neilson
1986), vegetative reproduction by stolons is common in this species. Black grama
has a maximum lifespan of 35-40 years (Wright and Van Dyne 1976). Timing of
inflorescence emergence varies with rainfall and can occur as early as June and
as late as September (Gibbens 1989). The roots of black grama spread radially
from the canopy for about 0.75 — 1 m and they can be found to around 1 — 1.5 m
depth (Gibbens and Lenz 2001). Black grama is the dominant of desert grass-
lands in the Sonoran and Chihuahuan deserts. In the United States it is distrib-
uted throughout New Mexico and Arizona, as well as in parts of Colorado, Utah,
Western Texas and Eastern California (Utah State University 2002). The range
of elevation it generally occurs in is between 900 and 1,800 m (Simonin 2000).
Soils are usually sandy loams to clay loams (Schmutz et al. 1992). Black grama
1s generally considered a prime forage species, especially because of its relatively
high nitrogen content during the winter (Wright and Streetman 1958).
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Atwood, Terence L. 1987. "Influence of livestock grazing and protection from livestock grazing on vegetational
characteristics of Bouteloua eriopoda rangelands." Ph. D. Dissertation, New Mexico State University.
Abstract: This study, conducted on Bouteloua eriopoda rangelands in southern New Mexico, was initiated
in an attempt to quantify the effects of livestock grazing and protection from grazing on the vegetational
characteristics of these ranges. Four study sites were examined, each of which had a livestock exclosure
erected previous to the study. Ages of the exclosures in 1985 were 17, 22, 32, and 48 years. Vegetational
attributes measured were density and frequency of perennial grasses and forbs, annual grasses and forbs,
and density, frequency and canopy frequency of shrubs. At the site protected for 17 years, no differences (P
< 0.05) were found in Bouteloua eriopoda density between the grazed and protected treatments. Bouteloua
eriopoda density was greater (P < 0.05) on the grazed treatment than on the ungrazed treatment at the 22-
year-old site, as was that of Sporobolus spp. Density of Bouteloua eriopoda was greater (P < 0.05) on the
protected treatment at the site protected for 32 years, possibly due to favorable rainfall on the study site in
preceding years. Density of Bouteloua eriopoda on the 48-year-old study site was greater on the protected
than the grazed treatment at the time of, and for nine years following, the construction of the exclosure. In
1985, density of the species was greater (P < 0.05) on the grazed area. Density and frequency of perennial
and annual forbs, and shrubs showed no relationship to either protection or grazing. It was concluded that
livestock grazing is an important management tool in maintaining Bouteloua eriopoda rangelands,

probably due to the species low tolerance to, and slow recovery from drought when ungrazed.

Atwood, T. L., R. F. Beck, and R. P. Gibbens. 1987. Vegetation parameters inside and outside livestock exclosures
on three Chihuahuan Desert grassland communities. 40th Annual Meeting, Soc. Range Manage. Abstr. No.
34.
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Baggs, Joanne Elizabeth. 1997. "The role of Bouteloua eriopoda in the community structure and ecosystem

function of a semi-arid grassland." M. S. Thesis, New Mexico State University.

Beck, Reldon F. 1978. A grazing system for semiarid lands. In First International Rangeland Conference, Editor
Donald N. Hyder, 569-72 Society of Range Management.
Abstract: A seasonal suitability grazing system was started on semiarid grassland in 1967. Ten years of
data have not shown it to be superior to yearlong grazing with which it was compared. Livestock
performance was similar on the two systems. Drought and conservative stocking rates were primarily
responsible for the lack of differences between the systems. Flexibility, a primary component of the
seasonal suitability system, allows for specific management of perennial grasses. Sampling of vegetation

was not intensive enough to detect the observable improvement on the seasonal suitability pastures.

Beck, R. F., T. L. Atwood, and R. P. Gibbens. 1986. Vegetation changes following 20 years of protection on black
grama sites originally grazed at four intensities. 39th Annual Meeting, Soc. Range Manage. Abstr. No. 110.

Beres, Lisa Ann. 1993. "Response potential of three perennial desert grasses to various disturbances." M.S.
Thesis, New Mexico State University.
Abstract: Increasing desertification of the northern Chihuahuan semidesert grasslands is linked, in part,
with the decline or disappearance of perennial grasses. While vegetational changes have been well
documented since the early 1900's, no clear cause for these changes has been determined. Although many
disturbances have been linked to these changes, this study focuses only on grazing, microsite, and
competition effects. By measuring the growth potential, establishment potential, and germination rates of
Bouteloua eriopoda, and Sporobolus flexuosus, and Aristida wrightii, the study provided insights into
potential response to these disturbances. In these dominant perennial grasses, grazing effects were
measured in three major ways. A descriptive survey assessed differences between plants and populations
with a history of livestock grazing and those without. Secondly, a clipping experiment measured regrowth
potential in response to biomass removal from selected plants within these areas. Finally, differences in
clonal spread in Bouteloua eriopoda were measured in grazed and ungrazed locations. In all three species,
microsite effects were assessed through the survivorship and growth of clonal transplants planted into
open and vegetated patches within shrubland and grassland communities. For competition effects,
survivorship and growth responses were measured for the three species growing together in pots that were
either in full sunlight or shade. In these studies, growth and establishment potential was measured by
assessing plant height, plant size, stolon length, number of tillers or stolons, number of nodes, and
flowering seed production. Germination rates were determined in a lab study, using seeds of the three
grass species. Results indicated there were some significant grazing effects for the variables studied in
some of the species. However, there was no significant effect of grazing history on response to clipping for
any of the study species. Clonal spread was significantly different between sites and treatments in
Bouteloua eriopoda. Survivorship was low for the clonal transplants. However, two of the three grass

species had a higher survivorship within the vegetated microsite patches. In contrast, in the greenhouse
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experiment, the transplants that were in full sunlight had more tillers and increased height than those in

the shade. Aristida wrightiihad the highest seed production and germination rate.

Bock, C. E., and J. H. Bock. 1993. Cover of perennial grasses in southeastern Arizona in relation to livestock

grazing. Conservation Biology 7, no. 2: 371-717.

Bridges, J. O. 1941. "Reseeding trials on arid range land." Bulletin 278. New Mexico State University,

Agricultural Experiment Station, Las Cruces, New Mexico.

. 1942. "Reseeding practices for New Mexico ranges." Bulletin 291. New Mexico State University,

Agricultural Experiment Station, Las Cruces, New Mexico.

Buxbaum, C. A. 1997. Soil heterogeneity controls Chihuahuan desert and Colorado shortgrass prairie species
distribution in a desert-grassland ecotone. Supplement to Bulletin of the Ecological Society of America 78:

62.

Cable, Dwight R. 1965. Damage to mesquite, Lehmann lovegrass, and black grama by a hot June fire. Journal of
Range Management 18: 326-29.
Abstract: Twenty-five percent of mesquite trees were killed on an area with Lehmann lovegrass ground
cover compare to eight percent on an area with black grama. Ninety percent of black grama plants and
more than 98% of lovegrass plants were killed. Many new lovegrass seedlings became established on both

areas.

. 1975. Influence of precipitation on perennial grass production in the semidesert Southwest. Ecology 56, no.
4: 981-86.

Abstract: Perennial grass production in the semidesert grass-shrub type (with and without a velvet
mesquite (Prosopis juliflora var. velutina [Woot.] Sarg.) overstory) was dependent primarily on current
summer rainfall and previous summer rainfall. The influence of previous summer rainfall was an
interaction effect--not a direct effect. The best overall relationship involved current August rainfall,
previous June through September rainfall, and the interaction product of these two. However, in
interaction product along yielded estimates essentially as good as the multiple regression, and explained
64%-91% of the year-to-year variability in grass production. Winter precipitation had no consistent effect
on perennial grass production the following summer. The degressing effect of mesquite on perennial grass

production was most noticeable at low rainfall levels, but became minor at high rainfall levels

Campbell, R. S. 1935. After the drought. Amer. Cattle Producer 17: 3-5.
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. 1935. Management of black grama ranges. American Hereford Journal 26, no. 9: 74-76.

Campbell, R. S, and E. H. Bomberger. 1934. The occurrence of Gutierrezia sarothrae on Bouteloua eriopoda
ranges. Fcology 15, no. 1: 49-61.

See abstract under Gutierrezia sarothrae

Campbell, R. S., and Edward C. Crafts. 1939. How to keep and increase black grama on southwestern ranges.
Leaflet No. 180, U.S. Department of Agriculture.
Abstract: Black grama (Bouteloua eriopoda), also known locally as woollyfoot or crowfoot grama, is by far
the most important forage grass on the 89 million acres of semidesert grasslands in Arizona, New Mexico,
southwestern Texas, and southern Utah. Although not as common now as in the early days, black grama
can be maintained on the range and even brought back by management based on careful consideration of
its forage and soil-protection values, its methods of spreading, and its ability to stand up under drought
and grazing.

As a prime indicator of range utilization, black grama ranks second only to blue grama (Bouteloua
gracilis) over the entire Southwest. The two sometimes occur together in mixed stands, but blue grama
typically grows in pinon-juniper woodlands and on the heavier soils of the short-grass plains, whereas
black grama is found on the better-drained soils in the short-grass country and the warmer and lower
semidesert grasslands. Black grama may be easily distinguished from other gramas by its widely creeping

runners or stolons, which root at the joints and send up new shoots that later become separate plants.

Canfield, R. H. 1933. Solid and hollow stemmed grasses of the Jornada Experimental Range. Science 78: 342.

. 1934. Stem structure of grasses on the Jornada Experimental Range. Botany Gazette 95: 636-48.

. 1938. How closely may black grama and tobosa grass be grazed year after year? Cattleman 23, no. 7: 1-3.

. 1938. Vegetational density and composition of black grama type ranges as influenced by semideferred

grazing. USDA, Forest Service, Southwest Forest and Range Exp. Sta. Res. Note 35.: 2 pp.

. 1939. Ways and means to minimize the ill effects of drought on black grama ranges. USDA, Forest
Service, Southwest Forest and Range Exp. Sta. Res. Note 82.: T pp.

. 1939. Maintaining the balance between summer and winter forage on black grama ranges. USDA, Forest

Service, Southwest Forest and Range Exp. Sta. Res. Note 81.: 4 pp.
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. 1939. The effect of intensity and frequency of clipping on density and yield of black grama and tobosa
grass. Technical Bulletin , no. 681. Washington : U.S. Dept. of Agriculture.

See abstract under Pleuraphis mutica

. 1948. New grass for old. Amer. Cattle Producer 30: 30-31.

. 1957. Reproduction and life span of some perennial grasses of southern Arizona. Journal of Range
Management 10, no. 5: 199-203.

Cornelius, Joe Malcolm. 1988. "Fire effects on vegetation of a northern Chihuahuan Desert grassland (New
Mexico)." Ph. D. Dissertation, New Mexico State University.
Abstract: It has been hypothesized that fire was important in maintenance of southwestern US desert
grasslands, and that decreased fire frequency and intensity caused by lowered fuel levels from livestock
grazing may be one cause of desertification of these desert grasslands. This research examines fire effects
in a black grama (Bouteloua eriopoda) grassland, and assesses the potential historical role that fire may
have had in these grasslands. Permanent plots were located on a northern Chihuahuan Desert grassland
study site (south-central New Mexico). Selected plots were burned in May 1984 and May 1985. Plant
canopy cover was estimated within plots in spring 1984 (preburn) and fall 1984 through 1986. Following
burning, cover increase of perennial grass (primarily Bouteloua eriopoda) was slow (6-8 years estimated to
return to preburn cover), and variation between years was high. Shrub (primarily Ephedra trifurca)
mortality was low, cover increased slightly faster than perennial grass (4-5 years estimated to return to
preburn cover), and there was little variation between years. Cactus (primarily Opuntia violacea) mortality
was low and cover was little affected by burning. Subshrub (primarily Xanthocephalum microcephalum)
mortality was high, but the rate of seedling reestablishment afterwards was also high, thus, fire likely has
little long-term effect on cover. There was increased species diversity even three years after burning due to
decreased grass cover and increased cover of perennial forbs and annuals. These results suggest that fire
was not important in maintenance of black grama Chihuahuan Desert grasslands. Instead a widespread,
intense fire would likely have been a severe disturbance that could have caused decreased abundance of
grasses and increased abundance of shrubs, thus possibly enhancing desertification rather than preventing

it

DeGarmo, H. C.Jr. 1966. "Water requirement and production of eight desert plant species under four soil moisture

levels." M. S. Thesis, New Mexico State University.

Drewa, Paul B., and Kris M. Havstad. 2001. Effects of fire, grazing, and the presence of shrubs on Chihuahuan
desert grasslands . Journal of Arid Environments 48, no. 4: 429-43.
Abstract: Responses of herbaceous and suffrutescent species to fire, grazing, and presence of Prosopis

glandulosawere examined in a Chihuahuan desert grassland in south-central New Mexico. Treatments
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were assigned randomly to eight 12X8 m plots within each of two blocks. Following fires in June 1995,
unfenced plots were exposed to livestock grazing over 4 years. Plots were established that either included or
excluded P. glandulosa. Perennial grass cover, primarily Bouteloua eriopoda, decreased by 13% in burned
plots but increased 5% in unburned areas. Conversely, perennial forb cover was 4% greater after fire.
Perennial grass frequency decreased 30% more and perennial forb frequency increased 10% more following
burning. Further, increases in evenness after fire resulted in a 225% increase in species diversity. Grazing
alsoresulted in a decrease in perennial grass cover while frequency decreased 22% more in grazed than
ungrazed plots. Only frequency and not cover of perennial forbs and annual grasses increased more
following grazing. Presence of P. glandulosa had no differential effect on responses of non-shrub species.
Fires were conducted during near drought conditions while grazing occurred during years of precipitation
equivalent to the long-term average. Precipitation immediately following fire may be critical for recovery of
B. eriopoda -dominated desert grasslands; relationships between fire and post-fire precipitation patterns

require future investigation.

Drewa, Paul B., Debra P. C. Peters, and Kris M. Havstad. 2001. Fire, grazing, and honey mesquite invasion in
black grama-dominated grasslands of the Chihuahuan desert: a synthesis. In Proceedings of the invasive
species workshop: the role of fire in the control and spread of invasive species. Fire conference 2000: the
first national congress on fire ecology, prevention, and management. Editors K. E. M. Galley, and T. P.
Wilson, 31-39. Tallahassee, Florida: Tall Timbers Research Station.

See abstract under Prosopis glandulosa

Dugas, William A., Ralph A. Hicks, and Robert P. Gibbens. 1996. Structure and function of C3 and C4
Chihuahuan desert plant communities. Energy balance components. Journal of Arid Environments 34, no.
1: 63-79.

See abstract under Larrea tridentata

Dwyer, Don D., and Harlan C. DeGarmo. 1970. Greenhouse productivity and water-use efficiency of selected
desert shrubs and grasses under four soil-moisture levels . New Mexico Agricultural Experiment Station

Bulletin No. 570.

El Shahaby, Ahmed F. 1988. "Associative nitrogen fixation with C4 grasses of the northern Chihuahuan Desert
variant ." Ph. D. Dissertation, New Mexico State University.
Abstract: Increasing evidence has been accumulating supporting significant grass-diazotrophic
associations. However, characterization of these associations in hot desert grasses is lacking. Nitrogenase
activity was measured in excised roots amended with glucose. Grass roots had up to 18-fold greater
nitrogenase activity than soil cores. This confirms association between N2-fixing bacteria and the plant
species. The C4 perennial grasses tested had greater nitrogenase activity than the C3 annual herb, Baileya
multiradiata, desert marigold. Nitrogenase activity was highly variable among plant species and within a

species. Higher rates of nitrogenase activity were associated with higher soil water contents. The
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phenophase of the plant species affected nitrogenase activity. Nitrogenase activity was greatest during
vegetative and flowering phases of the grass phenology. Nitrogenase activity was higher during the hot wet
season than during the cold season or warm dry season suggesting that climatic conditions or plant growth
affected nitrogen fixation activity. Nitrogen fixation associated with intact plant-soil systems was studied
in the greenhouse. There were no significant differences in acetylene reduction among grasses. Plant
phenology had a significant effect on nitrogenase activity. The highest nitrogenase activity was observed
during vegetative growth. The study confirmed that N2 is fixed in soil and in the rhizosphere of grasses
tested. Inoculation studies were conducted on the C4 perennial grass, Sporobolus cryptandrus, under
greenhouse conditions. In the first experiment, inoculated plants had greater height, more tillers, longer
flag leaf length, greater root length, more biomass, greater nitrogenase activities, and higher N content
than control plants. The nitrogenase activity was greater during the vegetative phase than reproductive
phases of the grass. In the second experiment, clipping after inoculation had similar significant effects on
plant parameters and N content. However, nitrogenase activity and N concentration in plants and soil were
lower than in the first experiment. The mixed culture treatment had the major positive effect on the grass
in both experiments. The results indicated that associative N2 fixation may be ecologically important in N2

fixation and cycling in the Chihuahuan Desert.

Ewing, David Lugene. 1977. "Topographic factors affecting utilization of black grama in southwestern Arizona ."

M. S. Thesis, University of Arizona.

Fernéndez, R. J., and J. F. Reynolds. 2000. Potential growth and drought tolerance of eight desert grasses: lack of
trade-off? Oecologia 123, no. 1: 90-98.
Abstract: Eight perennial C-4 grasses from the Jornada del Muerto Basin in southern New Mexico show
five-fold differences in relative growth rates under well- watered conditions (RGRmax). In a controlled
environment, we tested the hypothesis that there is an inverse relationship (trade-off) between RGRmax and
the capacity of these species to tolerate drought. We examined both physiological (gas exchange) and
morphological (biomass allocation, leaf properties) determinants of growth for these eight species under
three steady-state drought treatments (none=control, moderate, and severe). When well watered, the
grasses exhibited a large interspecific variation in growth, which was reflected in order-of-magnitude
biomass differences after 5 weeks. The species had similar gas-exchange characteristics, but differed in all
the measured allocation and morphological characteristics, namely tiller mass and number, root:shoot
ratio, dry-matter content, and specific leaf area (SLA). Drought affected tillering, morphology, and
allocation, and reduced growth by 50 and 68% (moderate and severe drought, respectively) compared to the
well-watered controls. With the exception of SLA, none of these variables showed a significant species-by-
treatment interaction. We calculated three indices of drought tolerance, defined as the ratio in final
biomass between all the possible "dry"/"wet" treatment pairs: severe/moderate, moderate/control, and
severe/control. We found no significant correlation between these drought tolerance indices, on the one
hand, and three indices of growth potential (greenhouse RGRmax, final biomass in the control treatment,
and final:initial biomass ratio in controls), on the other. Based on these controlled-environment results, we

hypothesize that the commonly reported correlation between plant growth potential and drought tolerance
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in the field may in some cases be explained by differential effects of plants on soil-water content rather

than by differences in species responses to drought.

Fields, M. J., D. P. Coffin, and J. R. Gosz. 1999. Burrowing activities of kangaroo rats and patterns in plant
species dominance at a shortgrass steppe-desert grassland ecotone. Journal of Vegetation Science 10: 123-

30.

Gadzia, Kirk Leslie. 1979. "Growth and development patterns of black grama in southern New Mexico." M. S.
Thesis, New Mexico State University.
Abstract: The objectives of this study were to 1) provide an accurate description of growth and development
of black grama; 2) determine reproductive potential of all stem types within this species; and 3) distinguish
the most important factors influencing new plant establishment by vegetative means. Three years of black
grama shoot production were classified according to their position of growth during a two-year period.
Horizontal shoots, which have generally been referred to as stolons included shoots growing along or near
the soil surface. Vertical shoots, generally classified as flower stalks or floral culms, included shoots in a
position +/- 25 degrees from the vertical; while angular shoots included those shoots which occur
throughout the plant at approximately a 45 degree angle and have been referred to as either stolons or
floral culms. Shoots were permanently marked with non-restricting color rings and changes in
development and position were evaluated over a two-year period.

No apparent morphological differences were noted between the three categories of shoots. All shoots
followed the general phenological pattern of vegetative growth, floral development, quiescence and
senescence. The period of time shoots remained in these phases appeared to depend upon prevailing
conditions of precipitation, temperature and day length. Amounts of axillary branching, which are the
potential for vegetative reproduction in black grama, were nearly equal for all categories.

Of the three categories of shoot position, proportions of axillary branches which became rooted during
the study period were greatest for the horizontal category. Angular shoots rooted about 30% of the total,
while vertical shoots only rarely contributed to vegetative reproduction. Differences in proportion of
positional change within the three categories appeared responsible for the observed difference in rooted
axillary branching. These differences were also related to the amount of time axillary branches were in
position to take advantage of the relatively short periods during the growing season when conditions were
favorable for rooting.

Comparison of grazed and ungrazed plants suggests that the chances for establishment of axillary
branches on shoots in the horizontal position are not severely impaired under a moderate grazing regime,
although a greater percentage were broken by trampling. Angular shoots were less susceptible to
trampling, but about 30% were consumed during the 1978 growing season. Practically all vertical shoots
were removed under moderate grazing. Hoof action may improve the chances for establishment of rooted
axillary branches by covering their crown bases with loose soil and providing more favorable rooting

conditions through breakup of the hard-surfaced soil crust.
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Gibbens, Robert P. 1989. Phenology of native and introduced grasses in southern New Mexico. 42nd Annual
Meeting of the Society of Range Management, Abstract No. 061.

Gibbens, Robert P., and Reldon F. Beck. 1987. Increase in number of dominant plants and dominance-classes on a
grassland in the northern Chihuahuan desert. Journal of Range Management 40, no. 2: 136-39.
Abstract: Between 1915 and 1932, 104 permanent 1 x 1-m quadrats were established on grasslands of the
Jornada Experimental Range in southern New Mexico. Primary- and secondary-dominant species were
determined from the first quadrat records and each quadrat was reevaluated in 1981 to determine current
dominants. The first records showed that 13 species of perennial grasses occupied all primary- and
secondary-dominant positions on all quadrats. In 1981, there were 12 perennial grass species as primary-
or secondary-dominants. Six shrub species occurred as primary- or secondary-dominants on 47% of the
quadrat sites in 1981. Dominance-classes, i.e., single-species dominance or two-species dominant
combinations, increased from 24 to 43. Thus, vegetation on this range has become more diverse and this

diversity must be considered in grazing management.

. 1988. Changes in grass basal area and forb densities over a 64-year period on grassland types of the
Jornada Experimental Range. Journal of Range Management 41, no. 3: 186-92.

Abstract: Between 1915 and 1932, permanent 1 x 1-m quadrats were established on grasslands of the
Jornada Experimental Range in southern New Mexico. Quadrat records accumulated from 1915 to 1979 on
grasslands dominated by black grama [Bouteloua eriopoda (Torr.) Torr.], poverty threeawn (Aristida
divaricata Willd.), tobosa [Hilaria mutica (Buckl.) Benth.], and burrograss (Scleropogon brevifolius Phil.)
were used to examine changes in perennial grass basal area and forb densities. Quadrats originally
dominated by black grama had large reductions in basal area during droughts, and basal area increased
slowly following droughts. By 1979, black grama no longer occurred on 77% of the quadrats. Quadrats
originally dominated by powerty threeawn changed to a mesquite (Prosopis glandulosa Torr. ver
glandulosa) type. Perennial grass basal area on quadrats dominated by tobosa and burrograss decreased
during droughts, but recovery was relatively rapid. Antecedent precipitation was associated with only 10 to
38% of the variation in perennial grass basal area. Perennial forb densities were low and fluctuated among
years in all types. Annual forbs and grasses displayed large fluctuations in densities among years. The
necessity of basing management of Chihuahuan Desert ranges on the perennial grasses is borne out by the
low densities of palatable perennial forbs, and the extreme fluctuations and unpredictability in densities of

annual forbs and grasses.

Gibbens, Robert P., Ralph A. Hicks, and William A. Dugas. 1996. Structure and function of C3 and C4
Chihuahuan desert plant communities. Standing crop and leaf area index. Journal of Arid Environments
34, no. 1: 47-62.

See abstract under Flourensia cernua
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Gibbens, R. P., and J. M. Lenz. 2001. Root systems of some Chihuahuan desert plants. Journal of Arid
Environments 49, no. 2: 221-63.
Abstract: Root systems of 11 shrub or shrub-like species, 11 grass species, 19 perennial forb species and
four annual forb species were excavated on the Jornada Experimental Range in the northern Chihuahuan
Desert in southern New Mexico, U.S.A. Maximum radial horizontal spread of shrub root systems usually
occurred above calcic and petrocalcic horizons at depths above 1 m. With one exception, all shrub species
roots were traced through calcic and petrocalcic horizons to depths down to 5 m. Upward growing roots
reaching very shallow depths (<10 ¢m) were common for most shrub species. Thus, the shrubs can readily
access soil water and nutrients from both surface and deep soil horizons. Grass root systems on sandy soils
extended radially up to 14 m, perhaps an adaptation to capture more soil water from the frequent small
rainfall events. Grass roots did not extend through calcic or petrocalcic horizons and none penetrated deeper
than 1-6 m. Perennial forb root systems varied in depth of branching but often penetrated into or through
calcic and petrocalcic horizons and, like shrubs, have an advantage over grasses during droughts. Root
systems of the annual forbs, excavated at the end of a season of above average precipitation, reached depths
of 0-5-1-2m. At each of the 18 excavation sites the roots of all the plant life forms were highly intermingled
in the upper soil horizons, indicating that competition for water and soil nutrients is intense. It is believed
that the plasticity and architecture of the shrub root systems, enabling them to compete with the grasses for
soil water in the upper soil horizons and also access soil water at depths beyond the reach of grass roots, has

been a major reason for the increase of shrubs during the historical period in this arid environment

Gill, Richard A., and Ingrid C. Burke. 1999. Ecosystem consequences of plant life form changes at three sites in
the semiarid United States. Oecologia 121, no. 4 : 551-63.

See abstract under Larrea tridentata

Glendening, G. E. 1942. Germination and emergence of some native grasses in relation to litter cover and soil
moisture. Journal of the American Society of Agronomy 34: 797-804.
Abstract: 1. During the summer of 1938 seeds of 10 native perennial grasses were planted in replicated
plots under eight different treatments, including cultivation and covering of the surface soil with various
kinds of litter on a depleted semidesert grassland range south of Tucson, Ariz. At the same time provision
was made on an adjacent plot to obtain moisture samples at surface-inch, 6-inch, and 12-inch depths of
bare soil, soil covered with straw litter, and soil covered with open-mesh gauze fabric. 2. Results showed
that moisture content at all levels was consistently greater under the straw and gauze than on the bare
ground and that the length of time during which moisture content of the surface soil was above the
calculated W. C. was greatest under the straw litter. 3. Germination and emergence of grass seedlings was
increased from 4 to more than 20 times over that on the bare ground by the various surface-soil

treatments.
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Gosz, R. J., and J. R. Gosz. 1996. Species interactions on the biome transition zone in New Mexico: response of

Gross,

Gross,

blue grama (Bouteloua gracilis) and black grama (Bouteloua eriopoda) to fire and grazing. Journal of Arid

Environments 34: 101-14.

Bryan D. 1984. "Demographic sensitivity of two perennial desert grasses (Bouteloua eriopoda Torr. and
Sporobolus flexuosus Thurb.) with inferences toward ecological dominance and subdominance." Ph. D.
Dissertation, New Mexico State University.

Abstract: The objective of this study was to determine if differences in ecological role of two perennial
grasses, in a southern New Mexico desert grassland, could be explained by species demography. It was
hypothesized that demographic insensitivity to the environment favors dominance, while sensitivity results
in subdominance. Analysis of black grama (Bouteloua eriopoda Torr.) and mesa dropseed (Sporobolus
flexuosus Thurb.) was conducted on a cohort basis for 42 years of data. Species demography was analyzed
on a life table basis and by regression analysis, with intraspecific density and various environmental
components used as causal variables. Results indicated few differences in mean demography of the species,
although black grama was characterized by a more constant age-specific mortality risk and mesa dropseed
by high reproduction. The demographic feature unique to the species was variability of survival and
reproduction. Mesa dropseed was characterized by greater variability of both fitness parameters.
Environmental dependence results showed that each species was characterized not by overall unique
sensitivity, but instead by age-dependent patterns. Sensitivity to short-term environmental events was
greatest for first- and second-year age-states, and was more pronounced in mesa dropseed than in black
grama. Older plants of each species were sensitive to longer-term environmental events. The sensitivity of
adults of each species was similar. Survival sensitivity to intraspecific density was also age-dependent.
Highest density sensitivity occurred in mature and firstyear plants of both species, while lowest sensitivity
to density occurred in second year plants. Black grama was more sensitive to density than was mesa
dropseed. This was also true for reproduction. Results did not firmly support the initial hypotheses. Each
species did not demonstrate overall uniqueness of demography since this was strongly age-dependent.
Species demographic behavior, and perhaps relative ecological roles, are strongly dependent upon

variability of population age structure.

Bryan D., and Robert P. Gibbens. unpublished manuscript. Life history comparison of two perennial desert
grasses with inferences toward dominance and opportunism. 31 pp.

Abstract: A study was conducted to determine if differences in ecological role of two perennial grasses could
be explained by species life history. It was hypothesized that insensitivity of survival and reproduction to
environmental variability, and demographic inflexibility, leads to ecological dominance, while life history
sensitivity and flexibility results in a subdominant ecological role. Analysis of life histories of black grama
(Bouteloua eriopoda), a dominant, and mesa dropseed (Sporobolus flexuosus), a subdominant, was
conducted on a cohort basis using 42 years of data from annually charted quadrats on a southern New
Mexico desert grassland. Species demography was compared on a life-table basis and by various non-linear
techniques. Results indicated few differences in mean demography. The demographic feature unique to

each species was variability of survival and reproductive rates. Greater variability of survival and
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reproduction, and greater age-dependency, were demonstrated by the subdominant species. Variable life
history may have a major effect upon ecological roles of coexisting species, and may affect vegetation

patterns along successional gradients.

Haque, Zahoorul, Amade Younga, Kirk C. McDaniel, and Rex D. Pieper. 1991. Two-phase pattern in mesquite-
herbland vegetation in southern New Mexico. The Southwestern Naturalist 36, no. 1: 54-59.

See abstract under Prosopis glandulosa

Havstad, K. M., R. P. Gibbens, C. A. Knorr, and L. W. Murray. 1999. Long-term influences of shrub removal and
lagomorph exclusion on Chihuahuan Desert vegetation dynamics. Journal of Arid Environments 42: 155-
66.

Abstract: Cover of perennial species in long-term experimental plots in a creosotebush dominated
community in the Chihuahuan Desert was monitored for 56 years. Sixteen 21.3 x 21.3 m plots were
established in 1938-39 to evaluate the effects of lagomorph exclusion and shrub removal. Major dominant
shrubs were individually severed at ground level and removed by hand in 1939, and this process was
repeated after measuring plant cover in 1947, 1956, 1960, 1967, 1989, and 1995. Lagomorphs were
excluded with poultry wire fencing. Shrub removal increased the basal cover of two major desert grass
species, black grama (Bouteloua eriopoda Torr.) and spike dropseed (Sporobolus contractus A.S. Hitch.)
between 1939 and 1995, but differences were not evident until 50 years after initial treatment. Temporal
effects of lagomorph exclusion were less pronounced than shrub removal. Clearly, shrub dominance has an
extremely important and lasting role in determining vegetation community structure in this arid

environment, even when aboveground shrub structures are periodically removed.

Herbel, Carlton H., Fred N. Ares, and Robert A. Wright. 1972. Drought effects on a semidesert grassland range.
FEcology 53, no. 6: 1084-93.
Abstract: A vegetational survey on the Jornada Experimental Range in southern New Mexico, taken
annually from 1941 through 1957, is the basis for a study of the effects of the great drought of 1951
through 1956. Both cover and yields were studied. Observations were stratified into seven classes based on
a consideration of land form and soil characteristics. Seasonal and annual precipitation during the drought
averaged 55% of the pre-drought average. The most severe drought years were 1951, 1953, and 1956. Both
the cover and yield of Bouteloua eriopoda (Torr.) Torr., the dominant species on the upland sandy soils,
were greatly reduced by drought. However, drought damage was much more severe on the deep than on
shallow sands. When the impermeable caliche layer occurred at shallow depths, moisture relations during
drought were apparently much better than when caliche occurred at greater depths. Another result of
drought was the invasion of Prosopis juliflora (Sw.) DC. in areas where grass stands have been thinned by
drought. Sporobolus spp. and Aristida spp., minor components of the climax, were more susceptible to
drought damage than Bouteloua eriopoda. Yields of perennial grasses per unit cover were as great during

the drought as prior to the drought. Both winter-spring and summer precipitation are important in
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preventing death losses of black grama. In arid areas it seems necessary to consider both cover and species

composition in arriving at a potential for a site

Herbel, Carlton H., and Robert P. Gibbens. 1996. Post-drought vegetation dynamics on arid rangelands in
southern New Mexico. New Mexico Agricultural Experiment Station Bulletin No. 776.
Abstract: The severe drought of 1951-1956 greatly changed vegetation on some arid rangeland sites of the
Southwest. This study presented vegetation cover and yield for various sites for several years following the
drought. Perennial grasses were the most prominent portion of the herbaceous plants. The sites dominated
by tobosa and burrograss did not have the drastic changes as did some of the sandy sites, but there can be
a tenfold increase or decrease of the basal cover of those two species within two years. Black grama cover
was substantially reduced on deep sands by severe drought and did not recover during this study. These
deep sands are subject to wind erosion because they lost much of their protective cover. Drought effects on
black grama were not as severe on shallow sands, and its cover increased in wetter years on these sites.
Because of prolific seed production, mesa dropseed's cover increased rapidly on sands following drought;
but it decreased substantially during the dry years in the 1960s. Propagules of annual grasses and forbs,
and short-lived perennial forbs were abundant from previous populations, allowing them to increase
rapidly when environmental conditions were appropriate for certain species to establish. Results indicated
that protection from rodents and rabbits increased the cover of annual grasses, whereas their presence
increased the cover of annual forbs. However, protecting herbaceous plants from rodents, rabbits, or cattle
did not give a major response. Broom snakeweed increased on sandy soils in wetter years. Honey
mesquite's increase following drought was greater on deep sands than on shallow sands, but there also was
a rapid increase on shallow sands. Apparently, the absence of cattle increased honey mesquite cover, but
the presence of cattle did not prevent honey mesquite increase. Perennial grass yields were higher on
shallow sands, where there was a mixture of black grama and mesa dropseed, than on deep sands
dominated by mesa dropseed. The factors affecting perennial grass yields were precipitation, soil water,
soil characteristics, plant species, and plant cover. The variation in annual perennial grass production on
all sites was sometimes dramatic and has management implications. This study shows that large

vegetation changes occurred because of severe drought and these changes are persistent on some sites.

Herbel, Carlton H., and Ronald E. Sosebee. 1969. Moisture and temperature effects on emergence and initial
growth of two range grasses. Agronomy Journal 61: 628-31.
Abstract: This research, conducted in controlled light-temperature chambers, studied the effects of two
temperature regimes and five moisture levels on early growth of black grama (Bouteloua eriopoda (Torr.)
Torr.) and boer lovegrass (Eragrostis chloromelas Steud.). The maximum daily soil temperatures ranged
from 53 to 67 C in the high temperature regime, and from 38 to 51 C in the low temperature regime,
depending on moisture level. The daily minimum temperatures were about 25 C in all treatments. The five
soil moisture levels were determined as a portion of the volume required to maintain field capacity
conditions. Level A was approximately field capacity; level B and C were watered as level A on the planting

day, and then reduced to about a half and a third of level A for the remainder of the 21-day trial. Levels D
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and E were watered as level A for the first 3 days, and then reduced to about a half and a third of level A
for the remainder of the trial.

In the high temperature regime black grama did not emerge at moisture levels B and C; and boer lovegrass
did not emerge at levels B, C, and E. In addition, boer lovegrass did not emerge in the low temperature
regime at moisture level C. Survival of emerging seedlings ranged from 0 to 4.7% in the high temperature
regime at all moisture levels except A. Reduced soil moisture, a day after planting, was more detrimental
to survival than reducing soil moisture on the third day after planting. Survival of black grama at moisture
level A in the high temperature regime was not adversely affected by the high leaf temperatures (81 C).
The shoot lengths and weights of surviving black grama seedlings were always greater than those of boer
lovegrass. Survival and growth of seeded species in the Southwest would be enhanced if soil temperatures
and evaporation from the soil surface were reduced. Under the conditions of this 21-day trial it took about
70 mm of water for either species to survive in the low temperature regime and about 231 mm to survive in

the high temperature regime.

Herman, R. Peter, Kerri R. Provencio, Ruben J. Torrez, and Gwen M. Seager. 1993. Effect of water and nitrogen
additions on free-living nitrogen fixer populations in desert grass root zones. Applied and Environmental
Microbiology 59, no. 9: 3021-26.

Abstract: In this study we measured changes in population levels of free-living N2-fixing bacteria in the
root zones of potted Bouteloua eriopoda and Sporobolus flexuosus plants as well as the photosynthetic
indices of the plants in response to added nitrogen, added water, and added water plus nitrogen
treatments. In addition, N2 fixer population changes in response to added carbon source and nitrogen were
measured in plant-free soil columns. There were significant increases in the numbers of N2 fixers
associated with both plant species in the water and the water plus nitrogen treatments. Both treatments
increase the photosynthetic index, suggesting that plant exudates were driving N2 fixer population
changes. Population increases were greatest in the water plus nitrogen treatments, indicating that added
nitrogen was synergistic with added water and suggesting that nitrogen addition spared bacteria the
metabolic cost of N2 fixation, allowing greater reproduction. Plant-free column studies demonstrated a
synergistic carbon-nitrogen effect when carbon levels were limiting (low malate addition) but not when
carbon was abundant (high malate), further supporting this hypothesis. The results of this study indicate
the presence of N2 fixer populations which interact with plants and which may play a role in the nitrogen

balance of desert grasslands.

Hickman, Gary Wayne. 1974. "Some effects of carbamate insecticide on primary producers in a desert grassland
ecosystem." M.S. Thesis, New Mexico State University.
Abstract: Field and greenhouse studies were undertaken to determine some effects of a carbamate
insecticide on primary producers in a desert grassland ecosystem. A 2500 m? field area was sprayed with
Sevin and periodically sampled over a period of one year to obtain density, cover and biomass data. These
results were compared to an untreated control area. Over the study period, no significant differences

developed in the above parameters between treatment and control areas.
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In the greenhouse, field transplanted Bouteloua eriopoda plants received various concentrations of
insecticide and were sampled over a period equivalent to the growing season for vegetative and
reproductive biomass. No significant differences developed among the various treatments and control.
The only study that produced significantly different results was the germination experiment. B. eriopoda
seeds were soaked in various concentrations of insecticide and allowed to germinate in moistened petri
plates. The medium concentration tested, 0.01%, produced significantly higher germination percentages

than the water only control.

Hochstrasser, Tamara. 2001. "Pattern and process at a desert grassland-shrubland ecotone." Ph. D. Dissertation,
Colorado State University.

See abstract under Larrea tridentata

Holechek, Jerry L., Ackim Tembo, Alipayou Daniel, Michael J. Fusco, and Manuel Cardenas. 1994. Long-term
grazing influences on Chihuahuan desert rangeland. Southwestern Naturalist 39, no. 4: 342-49.
Abstract: Vegetation composition and forage productivity were studied on two Chihuahuan desert ranges
with different management histories. They involved the conservatively grazed New Mexico State
University College Ranch, and adjoining intermediately grazed Bureau of Land Management (BLM) ranges
north of Las Cruces in southcentral New Mexico. Conservative and intermediate grazing involved about 30
and 50% average use by livestock of the key forage species, respectively. A major focus of this study was the
influence of stocking rate on recovery of native perennial grasses on rangeland with moderate amounts of
honey mesquite (Prosopis glandulosa Torr.) (College Ranch) compared to areas heavily dominated by
mesquite (BLM). In fall of 1982 total perennial grass standing crop averaged 182 kg/ha and 36 kg/ha on the
long-term conservatively (CG) and intermediately grazed (IG) ranges, respectively. By the fall of 1990
perennial grass standing crop had increased to 349 kg/ha and 159 kg/ha on the CG and IG ranges,
respectively. Mesa dropseed (Sporobolus flexuous Thurb. Rybd.) and black grama (Bouteloua eriopoda
Torr.), two important Chihuahuan Desert forage species, had greater standing crop on the CG than IG
range throughout the 1982-1991 study period. Our data indicate that some mesquite-dominated ranges in
the Chihuahuan Desert are responsive to both favorable rainfall and conservative stocking if residual
perennial grasses remain, and that livestock grazing is sustainable under utilization levels that involve
removal of one-third of the current year's growth of key forage species (black grama, dropseeds, threeawns).
On course sandy soils with a high canopy cover of honey mesquite, brush control may be necessary to

initiate range recovery.

Huenneke, L. F., J. P. Anderson, M. Remmenga, and W. H. Schlesinger. 2002. Desertification alters patterns of
aboveground net primary production in Chihuahuan ecosystems. Global Change Biology 8, no. 3: 247-64.
Abstract: The Chihuahuan desert of New Mexico, USA, has changed in historical times from semiarid
grassland to desert shrublands dominated by Larrea tridentata and Prosopis glandulosa . Similar
displacement of perennial grasslands by shrubs typifies desertification in many regions. Such structural

vegetation change could alter average values of net primary productivity, as well as spatial and temporal
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patterns of production. We investigated patterns of aboveground plant biomass and net primary production
in five ecosystem types of the Jornada Basin Long-Term Ecological Research (LTER) site. Comparisons of
shrub-dominated desertified systems and remnant grass-dominated systems allowed us to test the
prediction that shrublands are more heterogeneous spatially, but less variable over time, than grasslands.
We measured aboveground plant biomass and aboveground net primary productivity (ANPP) by species,
three times per year for 10 years, in 15 sites of five ecosystem types (three each in Larrea shrubland,
Bouteloua eriopoda grassland, Prosopis dune systems, Flourensia cernua alluvial flats, and grass-
dominated dry lakes or playas). Spatial heterogeneity of biomass at the scale of our measurements was
significantly greater in shrub-dominated systems than in grass-dominated vegetation. ANPP was
homogeneous across space in grass-dominated systems, and in most growing seasons was significantly
more patchy in shrub vegetation. Substantial interannual variability in ANPP complicates comparison of
mean values across ecosystem types, but grasslands tended to support higher ANPP values than did shrub-
dominated systems. There were significant interactions between ecosystem type and season. Grasslands
demonstrated higher interannual variation than did shrub systems. Desertification has apparently altered
the seasonality of productivity in these systems; grasslands were dominated by summer growth, while sites
dominated by Larrea or Prosopis tended to have higher spring ANPP. Production was frequently
uncorrelated across sites of an ecosystem type, suggesting that factors other than season, regional climate,

or dominant vegetation may be significant determinants of actual NPP.

Huenneke, Laura F., Dennis Clason, and Esteban Muldavin. 2001. Spatial heterogeneity in Chihuahuan desert
vegetation: implications for sampling methods in semi-arid ecosystems. Journal of Arid Environments 47,
no. 3: 257-70.

Abstract: Patchiness of above-ground vegetation, such as that in semi-arid grasslands and shrublands, can
pose problems in sampling plant cover, biomass and productivity. We present a method of measuring
above-ground plant biomass and production that can be applied consistently among vegetation types and
that generates seasonal, spatially-explicit results. Results from 15 sites within the Jornada Basin
(Chihuahuan Desert, New Mexico, USA) confirm considerable patchiness and non-normal distributions of
plant biomass, even in grasslands. However, tests of adequacy of sample size and of sample error
associated with the regression-based estimates of biomass confirmed that the estimates of abo9ve-ground
net primary productivity are sufficiently precise to be useful in comparisons of both shrub-dominated and

grassland sites.

Hyder, Paul W. 2001. "Total phenolics, condensed tannins, and nordihydroguaiaretic acid (NDGA) as potential
allelopathic compounds in creosotebush (Larrea tridentata (Sess. & Moc. ex DC.) Cov.) and tarbush
(Flourensia cernua DC) in the northern Chihuahuan Desert ." Ph. D. Dissertation, New Mexico State
University.

See abstract under Flourensia cernua

Johnsen, T. N. Jr., and H. L. Morton. 1991. Long-term tebuthiuron content of grasses and shrubs on semiarid
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rangelands. Journal of Range Management 44, no. 3: 249-53.

Jordan, Gilbert L., and Marshal R. Haferkamp. 1989. Temperature responses and calculated heat units for

germination of several range grasses and shrubs. Journal of Range Management 42, no. 1: 41-45.

Kemp, Paul R. 1983. Phenological patterns of Chihuahuan desert plants in relation to the timing of water
availability. Journal of Ecology 71, no. 2: 427-36.
Abstract: (1) Phenology, density, and cover of plant species occurring in a single Chihuahuan desert habitat
were studied for 2 years as a function of habitat moisture with the objective of relating plant species
diversity to water partitioning. (2) Much of the temporal variation in growth and phenology between
species was correlated with differences in life form and photosynthetic pathway. (3) The annual plant
species consisted of a winter-spring group containing only species with the C3 photosynthetic pathway
which utilize the moisture from frontal storms of winter, and a summer group containing a large majority
of species with the C4 photosynthetic pathway which utilize the moisture from convectional storms of late
summer. (4) The perennial plant species consisted of C3 and C4 forbs, C4 grasses, C3 shrubs and CAM
shrubs. The C3 forbs showed greatest activity in spring or autumn while the C4 forbs and grasses were
most active in the summer and autumn. The C3 shrubs and CAM shrubs were active at various times from
spring to autumn and not as dependent as the other groups on available soil moisture. (5) There was above
average precipitation in late summer and autumn during the first year of study and an early and prolonged
drought in autumn of the second year. Some species of perennial C3 forbs and C4 grasses responded to the
abundant precipitation of the first autumn with increased density or cover in the second year, but there
was little change in the shrub species. The drought in the second year caused a reduction in the number of
species and individuals of both C3 and C4 annual plants. (6) The results suggest that the high species
diversity in this habitat is partly a result of the different life form and photosynthetic pathway groups,

each being adapted for utilizing a particular phase of the seasonally and yearly variable water.

Knipe, D., and C. H. Herbel. 1960. The effects of limited moisture on germination and initial growth of six grass
species. Journal of Range Management 13: 297-302.
Abstract: Two hundred caryopses each of black grama, bush muhly, tobosa, mesa dropseed, Lehmann
lovegrass, and boer lovegrass were germinated in petri dishes on blotter paper moistened with water-
mannitol solutions of 0.3,3.0, 7.0, 11.0, 15.0, and 20.0 atm. osmotic concentration (degrees of moisture
stress). The object of the study was to determine differences, within and among species, in time required to
germinate, total germination, and initial growth of seedlings under various conditions of moisture stress.
With the exception of Lehmann lovegrass, time required to germinate was not greatly increased by
increasing osmotic concentration from 0.3 to 7.0 atm. However, total germination of Lehmann lovegrass,
boer lovegrass, and mesa dropseed was significantly reduced by increasing osmotic concentration from 0.3

to 7.0 atm., and reduction in total germination of all species was very nearly significant under these
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conditions. Generally, the growth of seedlings was significantly decreased by increasing osmotic
concentration from 0.3 to 7.0 atm. Of the species tested, black grama and bush muhly seem best adapted to
survival under conditions of limited moisture. Seedlings of these species were the only ones which attained
measurable growth when germinated and grown at 11.0 atm osmotic concentration. None of the species
developed measurable seedlings at 15.0 and 20.0 atm. osmotic concentration, but the caryopses of black

grama and bush muhly germinated surprisingly well at these levels of moisture stress.

Kréel-Dulay, G. 1998. Stepwise transformation of phytosociological data: a case study in the semiarid grasslands
of New Mexico. Abstracta Botanica 22: 95-100.
Abstract: A stepwise data transformation procedure is proposed. By applying a series of cover thresholds,
low cover values are gradually deleted, whereas the remaining data are used in binary form after each step
of deletion. The method does not aim at the selection of a single optimal weighting of cover-abundance
data; instead, it provides a simple tool to investigate how different weightings of species of low vs. high
performance influence the results of an analysis. The method is used to compare the species compositions
of two grassland types in the semiarid region of New Mexico, USA. In an area where two grass species
(Bouteloua eriopoda and Bouteloua gracilis) grow predominantly intermingled, patches dominated
exclusively by either of the two grasses were sampled. The dissimilarity of their species composition was
expressed by the complement of the Kulezynski index. Randomisation was used to test for significance. The
two grassland types were different in species composition, and the stepwise data transformation procedure
showed that this difference increased while gradually deleting the species of low cover and species of low
frequency. Although most species can establish in both types, several of them reach higher cover or

frequency in either of the two types.

Lauenroth, W. K., D. P. Coffin, I. C. Burke, and R. A. Virginia. 1997. Interactions between demographic and
ecosystem processes in a semi-arid and an arid grassland: a challenge for plant functional types. Plant
functional types. Their relevance to ecosystem properties and global change. T. M. Smith, H. H. Shugart,
and F. I. Woodward, 234-54. Cambridge, UK: Cambridge University Press.

Ludwig, John A., Esteban Muldavin, and K. Rosalind Blanche. 2000. Vegetation change and surface erosion in
desert grasslands of Otero Mesa, Southern New Mexico: 1982 to 1995. American Midland Naturalist 144,
no. 2 : 273-85.
Abstract: Desert grasslands that skirt mountain ranges in northern Mexico and the southwestern United
States were once common. These grasslands have largely been replaced by shrublands and their soils have
become eroded. The most frequently cited causes of these changes are livestock overgrazing, fire and
increasing aridity. Studies have not separated grazing and fire from climate effects. Our aim was to
determine whether desert grasses are being replaced by shrubs and how rapidly soil surfaces are eroding
on unburnt Otero Mesa desert grasslands, where livestock overgrazing has not been a significant factor in
historic or recent times. In this article we describe how vegetation and soil surface levels changed from

1982 to 1995 on six permanent transects. Vegetation was measured by charting canopy cover and stem
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bases of perennial plants in quadrats. Soil surface levels were surveyed in reference to benchmarks placed
in nearby bedrock. Vegetation quadrats and surface levels were re-measured in 1995. From 1982-1983 to
1995 the canopy cover of the desert shrubs, Larrea tridentata and Gutierrezia microcephala, declined by
1.5% and 5.8%, respectively. Canopy cover of the C4 xeric grass Bouteloua eriopoda declined by 5.3%. This
decline in xeric grass cover was offset by a 1.2% increase in the C4 mesic grass Bouteloua curtipendula and
a 4.0% increase in the C3 mesic grass Stipa neomexicana. From 1983-1984 to 1995 soil surfaces along
transects eroded an average of 0.4 mmentdoty-1. Thus, desert shrubs were not replacing desert grasses, but
mesic grass species were replacing xeric species. These changes were associated with a 15-y period of
relatively wet cool-seasons and moist warm-seasons from 1981 through 1995. These results document that,
even in the absence of livestock grazing and fire, desert grassland vegetation is very responsive to

precipitation change over relatively short time periods.

Martin, S. C., and D. R. Cable. 1974. Managing semidesert grass-shrub ranges: vegetation response to

precipitation, grazing, soil texture, and mesquite control. 1-45 Government Printing Office.

McClaran, M. P. 1995. Desert grasslands and grasses. In The desert grassland. Editors M. P. McClaran, and T. R.

Van Devender, 1-30. Tucson: University of Arizona Press.

McGinnies, W. J. 1960. Effects of moisture stress and temperature on germination of six range grasses. Agronomy
Journal 52: 159-62.
Abstract: Increased moisture stress delayed germination, reduced rate and 28-day total of germination.
Highest average germination was at 20° C. Under high moisture stress all species germinated better at 20

than at 10 or 30° C. Seed size showed positive correlation with germination at a stress of 15 atmospheres.

McPherson, G. R. 1995. The role of fire in the desert grasslands. In The desert grassland. Editors T. R. Van
Devender, and M. P. McClaran, 130-151. Tucson: The University of Arizona Press.

Merkin, E. B. 1995. Competition and physiological response of Bouteloua gracilis and Bouteloua eriopoda to
variable soil moisture in a biome transition zone. REU Paper.
Abstract: Field measurements of gas exchange were conducted on two species of C4 bunchgrasses,
Bouteloua eriopoda and Bouteloua gracilis, in response to simulated low and high moisture events.
Physiological measurements including photosynthesis, stomatal conductance, intercellular carbon dioxide
concentration, and water-use-efficiency were taken on four days in a biome transition zone community at
the Sevilleta National Wildlife Refuge in central New Mexico. The physiology of these species was
compared and considered in light of competition between the, two species for a limiting resource, water.
Although significant differences were found between days and treatments for the parameters measured,
only stomatal conductance was significantly different (F =35.61, P =0.0001) between species. However,

means reveal a trend toward a higher photosynthetic rate and water-use-efficiency for B. eriopoda, which
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suggests that their physiology not only reflects differences in root morphology between the grasses, but
differences in their life histories as well. No significant difference was found between the physiological
activity of these species to high and low moisture events, suggesting that these species, especially B.
eriopoda, have had to make ecological tradeoffs in order to respond to moisture efficiently and rapidly and
survive long periods of drought. Thus, this study indicates that B. eriopoda may be a better competitor in
this ecotone community for small moisture events. Future studies need to be broader in scope, of longer
duration, and need to include a consideration of morphological aspects of these grasses in order to elucidate

differences in physiological capacity that may exist between Bouteloua eriopoda and Bouteloua gracilis.

Miller, Richard F., and Gary B. Donart. 1979. Response of Bouteloua eriopoda (Torr.) Torr. and Sporobolus
flexuosus (Thurb.) Rybd. to season of defoliation. Journal of Range Management 32, no. 1: 63-67.
Abstract: Production, total nonstructural carbohydrates, and crown diameters were measured to evaluate
the effects of season of clipping on black grama and mesa dropseed. Vegetative reproduction was also
monitored for black grama. Early defoliation of both black grama and mesa dropseed had less impact on
plant vigor than continuous defoliation or defoliation during the last half of the growing season. Black
grama plants clipped during or after flowering, or continuously through the growing season, produced less
herbage in the following year than those plants clipped during the vegetative stage. Removal of 65% of the
current year's growth any time during the growing season significantly reduced stolon numbers on black
grama. Mesa dropseed clipped during maturity, during flowering, or clipped continuously throughout the
growing season was negatively affected on one or more of the plant parameters measured. Clipping during

the vegetative state had little apparent effect on plant vigor.

Minnick, Tamera Jo. 1998. "Abiotic factors affecting distribution and dominance patterns of two C4 perennial
grass species." Ph. D. Dissertation, Colorado State University.
Abstract: I investigated abiotic effects on demographic processes, particularly recruitment, of two
important North American forage grasses and related these results to their distribution and dominance
patterns. Bouteloua gracilis dominates shortgrass steppe; B. eriopoda dominates desert grasslands. I
addressed questions at site- and regional-level scales by combining field and growth chamber experiments,
and simulation modeling. I predicted recruitment rates for these species at 16 sites along a climatic
gradient using a daily time step, multi-layer model of soil water dynamics. Predicted recruitment decreased
from north to south for B. gracilis, but increased from north to south for B. eriopoda. Recruitment was
dependent on amount and timing of precipitation and temperature. The latitude at which recruitment
rates were similar for the two species moved north under three climate change scenarios, indicating a
possible northward expansion of B. eriopoda. A common garden study revealed possible mechanisms for B.
eriopoda exclusion from northern Colorado and allowed comparisons between two populations of B. gracilis.
Throughout the two year study, B. eriopoda survived and grew. Significant quantities of germinable seed
were produced by non-native plants only after hand pollination. Native plants initiated flowering earlier in
the season than non-native plants, suggesting day length cues for reproduction. I examined effects of soil
texture, which varies at the landscape-scale, and precipitation on emergence and growth of B. gracilis. Two

principle results were 1) seedling emergence was lowest on the soil with highest clay content, and 2)
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seedling growth was lowest on the soil with lowest clay content, regardless of p