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ABSTRACT 

This study evaluated the influence of Lehmann lovegrass 

(Eragrostis lehmanniana Nees) on the densities and spatial 

distributions relative to mesquite (Prosopis velutina Woot.) 

of two native grasses, Arizona cottontop (Digitaria 

californica (Benth.) Henr.) and Rothrock grama (Bouteloua 

rothrockii Vasey), in the semi-desert grassland. Also 

evaluated were the affects of independent variables range 

site, elevation, and proportion mesquite cover on these 

relationships. General Linear Model analyses showed no 

association between Lehmann lovegrass and either the 

densities or the distributions of the native species. 

Arizona cottontop showed an affinity for mesquite cover, 

while Rothrock grama and Lehmann lovegrass both showed an 

aversion to mesquite canopy. The relationship of Rothrock 

grama to mesquite cover was affected by range site. The 

relationship of Lehmann lovegrass to mesquite cover became 

less averse with increasing elevation and as its density 

increased. These results contradict suggestions that 

Lehmann lovegrass is associated with declines in native 

grasses. 
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BACKGROUND 

Introduction 

Species invasions have been of increasing interest to 

ecologists over the past several decades as answers to 

questions about community stability and organization are 

sought. An invasion, which may be defined as the 

introduction and subsequent spread of a species into a 

community in which it has not previously existed, affords 

researchers the opportunity to study community level 

processes not easily observable in established communities 

(Mack 1985). The introduction of a new species into a plant 

community may alter the relative densities of existing 

species (Crawley 1987), or may lead to changes in the 

spatial distributions of existing species (Richardson and 

Bond 1991). These effects may differ across a landscape in 

response to variables such as elevation, and soil texture, 

or may differ locally in response to differing species 

interactions. This study evaluates the effects of an 

invasive species on native species density and spatial 

distribution in relation to the landscape variables 

elevation and soil texture, as well as in response to 

interaction with another dominant species. 

The opportunities to study plant invasions are 

numerous, as there have been hundreds of plant species 
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introduced, both intentionally and accidentally, into the 

United States over the past 150 years. The magnitude of 

change wrought by widespread invasion following introduction 

can be significant (Young and Evans 1970, Mack 1986, Burgess 

et al. 1991). In southeastern Arizona, perhaps the most 

significant invasion has been that of Lehmann lovegrass 

(Eragrostis lehmanniana Nees). It was introduced into the 

United States from southern Africa in the 1930s to be tested 

for possible use in revegetation efforts in the southwest 

(Crider 1945). After a series of planting trials, F.J. 

Crider of the Boyce Thompson Southwestern Arboretum, 

recommended Lehmann lovegrass be released for use in 

revegetation projects because he believed it possessed 

traits that would make its use successful. 

Originally seeded in Arizona in the mid-1930s, by 1940 

Lehmann lovegrass had been seeded in parts of Arizona, New 

Mexico, and Texas (Cox et al. 1982), and by 1950 had begun 

to spread to areas that had not been seeded (Cox and Ruyle 

1986). By 1986, approximately 69,000 ha in Cochise, Graham, 

Pima, Pinal, and Santa Cruz counties, AZ had been seeded 

with Lehmann lovegrass, and it had spread from these areas 

to an additional 76,000 ha, for an area of distribution in 

southern Arizona estimated to be 145,000 ha (Cox and Ruyle 

1986). 

In its native habitat Lehmann lovegrass is widely 
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distributed at elevations ranging from 850 to 1450 m, where 

precipitation averages from 200 to 550 mm per year (Cox et 

al. 1988b). In the sand and lime velds of the northern Cape 

of South Africa Lehmann lovegrass is the dominant grass 

species in terms of basal cover, and it contributes 

significantly to total community dry matter and digestible 

organic matter (Fourie and Roberts 1976). 

In the southwestern United States Lehmann lovegrass 

occurs on sites ranging in elevation from 900 to 1600 m (Cox 

and Ruyle 1986). Precipitation at these locations averages 

from 275 to 500 mm annually (Cox et al. 1988a). 

There is concern over effects that the invasion of 

Lehmann lovegrass may have on both native plant species 

richness and diversity (Bock et al. 1986). Cable (1971) 

found that Arizona cottontop (Digitaria californica (Benth.) 

Henr.) produced less biomass in plots in which Lehmann 

lovegrass was seeded. Also, Lehmann lovegrass appears to 

fill gaps more quickly following drought than Rothrock grama 

(Bouteloua rothrockii Vasey) (Martin and Severson 1988). 

Both Arizona cottontop and Rothrock grama are native, 

perennial bunchgrasses widely distributed in the semi-desert 

grassland of southeastern Arizona. Their spatial 

distributions within the community appear to differ, 

however. Arizona cottontop is positively associated with 

mesquite (Prosopis velutina Woot.) canopy cover (Yavitt and 
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Smith 1983, Livingston 1992). Conversely, Martin (1983) 

found Rothrock grama to be more dense where mesquite has 

been removed suggesting an aversion to mesquite canopy 

cover. This apparent difference offers the opportunity to 

study not only the effect of Lehmann lovegrass on the 

densities of each species, but also the influence of Lehmann 

lovegrass on the spatial distributions of species that 

appear to occupy different niches within the community. 

Plant Invasion Characteristics 

Research into plant invasions has shown that some 

communities are more invasible than others, although all 

communities may be potentially invasible (Crawley 1986). It 

should also be noted that many species that have been 

introduced never invade and dominate communities. 

Successful invasions have been studied to find reasons for 

differences in invasibility among communities, and to 

identify traits that make species successful invaders. 

Despite an increasing number of studies of invasions in 

recent years, there is not unanimity on what makes a 

community invasible. There are, however, some theories that 

are most prominent. One such theory suggests that the 

removal of some barrier to invasion is the key to 

invasibility (Johnstone 1986). Crawley (1987) proposes 

several possible barriers to invasion, including: 1) 
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competition with established plants; 2) mortality caused by 

generalist enemies; 3) lack of facilitating mutualists, for 

pollination or seed dispersal; or 4) the detrimental effects 

of initial low densities, such as lower probability of 

successful reproduction. But because species interactions 

are so complex, it is difficult to determine what might 

serve as a barrier for a given species. Thus predictions 

about future invasions, and determination of the causes of 

past invasions remain matters of conjecture. 

Another community characteristic that may indicate 

invasibility is sparse foliar or ground cover (Crawley 

1986). As a correlate, niche theory suggests that a vacant 

niche (either space or resources) allows for invasion 

(Crawley 1987). Sparse vegetative cover may represent a 

vacant niche for a potential invader, although sparse cover 

may be the result of unstable substrates, low levels of soil 

nutrients or moisture, or heavy grazing (Crawley 1986), any 

of which may in itself preclude plant establishment. Mack 

(1989) has suggested that one of the characteristics that 

may make some grasslands invasible is the dominance by 

bunchgrasses, which provides more open spaces between 

plants than do sod-forming grasses, thus allowing for the 

establishment of new species. 

Frequent disturbance has also been suggested as a 

factor that may facilitate invasion, as it serves to reduce 
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vegetative cover (Rejmanek 1989). Hobbs and Huenneke (1992) 

define disturbances as both events that directly affect 

plant survival, and those that alter resource levels, 

thereby influencing the survival of individual plants. 

Examples of the former include such things as fire, 

construction of roads, or floods; examples of the latter 

include altered grazing regimes, or nutrient inputs. Thus, 

in communities in which plants evolved in the presence of 

grazing mammals, grazing may or may not be a significant 

disturbance, depending on intensity. But, native plants 

ill-adapted to significant grazing pressure may suffer high 

rates of mortality following the imposition of large, 

hooved, grazing mammals (Mack 1989). 

There is less written about the traits that make a 

given species a good invader than about what makes a 

community invasible. Invasive species tend to be ruderals, 

which are often relatively small, herbaceous plants that 

reach reproductive maturity quickly and can flower 

frequently (Grime 1979). Indeed, the possibility to invade 

seems to be enhanced by possessing greater reproductive 

potential than native species (Johnstone 1986). 

Reproductive potential, or intrinsic rate of increase, is a 

function of the number of offspring produced in an 

individual's lifetime, survivorship to reproductive 

maturity, and time required to reach reproductive maturity 



(Crawley 1986). 

Researchers seem more certain of the effects of an 

invasion than of the causes. There is general agreement 

that a successful invasion leads to declines in native 

species densities (Mack 1985, Crawley 1987), as well as 

changes in the relative proportions of biomass produced by 

native species following the arrival of the invasive species 

(Johnstone 1986). There is sometimes concern that invasive 

species may eventually exclude native species from a 

community, but evidence of this is lacking (Crawley 1987). 

Also, because new species tend to accumulate slowly in 

ecological communities, immediate success at entering a 

community may not indicate long-term inclusion into that 

community (Orians 1986) . 

The possible consequences of a successful invasion, 

however, should not be underestimated. Vitousek (1990) 

suggests that a successful invasion can permanently alter a 

community either structurally or functionally. This can 

occur if invasive species differ from natives in their 

ability to acquire or use resources; if invasive species 

alter the trophic structure of a community; or if invasive 

species alter the disturbance regimes of the communities 

they invade. 
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The Semi-desert Grassland of Southeastern Arizona and the 

Invasion of Lehmann Lovearass 

The semi-desert grassland of southeastern Arizona is 

widely distributed at elevations ranging from 900 to 1500 m, 

in alluvial basins typical of the Basin and Range topography 

of the western United States. Soils are diverse, and are 

typically classified as Aridisols and Entisols (Schmutz et 

al. 1991). The semi-desert grassland is characterized by 

the presence of warm-season, perennial bunchgrasses 

including sideoats grama (Bouteloua curtipendula (Michx.) 

Torr.), tanglehead (Heteropogon contortus (L.) Beauv.), and 

often most prominently, Arizona cottontop and Rothrock 

grama. It also supports several shrub species including 

prickly pear and cholla cactus (Opuntia spp.), burroweed 

(Haplopappus tenuisectus (Greene) Blake), and mesquite, 

which has increased significantly in density in this century 

(Parker and Martin 1952, Cable and Martin 1973). Local 

distributions, and relative abundances of species are 

strongly influenced by soil pattern, and by rainfall 

(Schmutz et al. 1991). 

With the human population in southeastern Arizona 

increasing dramatically over the last 50 years, impacts on 

the semi-desert grassland, such as road construction, have 

also increased markedly, perhaps creating disturbances 

favoring the invasion of new plant species. Cox and Ruyle 
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(1986) noted that since its introduction into southeastern 

Arizona Lehmann lovegrass had spread successfully along 

powerline corridors and roads, where soils had been 

significantly disturbed. 

Much earlier than the widespread increase in human 

population in southeastern Arizona, was the imposition of 

livestock on the area. In 1536, the Spanish explorer 

Coronado ventured into what is now Arizona, bringing with 

him the first domestic livestock in the area (Officer 1987). 

In the 1870s and 1880s, following Anglo-American settlement, 

the number of livestock in southeastern Arizona skyrocketed 

(Wagoner 1951). The effect on the semi-desert grassland of 

large herds of cattle is uncertain, although it has been 

suggested that heavy grazing, coupled with a drought in the 

1890s, led to a decrease in native grass cover, followed by 

an increase in woody species, such as mesquite (Bahre 1991). 

If there was a decrease in native grass density caused by 

livestock grazing it may have facilitated the invasion of 

Lehmann lovegrass. However, McClaran and Anable (1992) 

found that Lehmann lovegrass does not require livestock 

grazing to spread from seeded areas. 

As noted above, mesquite has increased in density in 

southeastern Arizona over the past several decades. Whether 

this is a result of decreased grass density or a cause of it 

is uncertain. There does appear to be a nearly linear, 



18 

negative relationship between mesquite canopy cover and 

grass basal cover (Parker and Martin 1952). Soils beneath 

mesquite canopy do, however, contain more N, K, S, soluble 

salts, and organic matter than soils in interspaces 

(Tiedemann and Klemmedson 1973a). Arizona cottontop and 

plains bristlegrass (Setaria macrostachya H.B.K.), both 

native perennial bunchgrasses, produced significantly more 

biomass when grown in soils taken from beneath mesquite 

canopy than when grown in soils taken from interspaces 

(Tiedemann and Klemmedson 1973b). It may be, however, that 

enrichment of soils beneath mesquite canopy is at the 

expense of soils in interspaces (Martin and Cable 1974). 

One might suggest that a depauperization of soils in 

interspaces following the increase of mesquite canopy cover 

could have altered the structure of the semi-desert 

grassland. Fewer nutrients in soils could have led to a 

decrease in foliar cover in interspaces into which Lehmann 

lovegrass could have spread. 

The invasion of the semi-desert grassland of 

southeastern Arizona by Lehmann lovegrass may be more a 

function of its reproductive traits relative to other 

species than of community structure. Lehmann lovegrass can 

produce seed during its first year of growth (Crider 1945). 

Also, recruitment has been found to be as high as 4 
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seedlings/m2/yr in plots in which the grass canopy is 

intact, and as high as 780 seedlings/m2/year in plots in 

which the grass canopy has been removed (Sumrall et al. 

1991). Seed can germinate at temperatures as low as 

alternating 0-15° C (Roundy et al. 1992), and as high as 27° 

C (Martin and Cox 1984). Germination can occur at water 

availabilities as low as -15 atmospheres (Knipe and Herbel 

1960, Tapia and Schmutz 1971). And Lehmann lovegrass can 

become established in areas receiving as little as 89 mm 

average summer precipitation (Anable 1990). 

In contrast, based on germination and recruitment data, 

Arizona cottontop seems far less fecund than Lehmann 

lovegrass. Arizona cottontop seed germinates at rates 

between 62 and 96% (Livingston 1992). But in a 17 year 

study on the Santa Rita Experimental Range (SRER), southeast 

of Tucson, AZ, it produced an average of 0.9 seedlings/m2/yr 

in grazed plots, and only 0.5 seedlings/m2/yr in ungrazed 

plots (Canfield 1957). In the same study, mean rate of 

survival of plants through the first year in grazed and 

ungrazed plots was 39 and 46%, respectively, which were 

among the highest survival rates of the 11 species studied. 

Canfield also found Arizona cottontop to be among the 

longest-lived species he studied (10-12 yrs), which may help 

offset low recruitment. 
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The reproductive potential of Rothrock grama is 

intermediate to those of Lehmann lovegrass and Arizona 

cottontop. Canfield (1957), in the same 17 year study cited 

above, reported an average of 29 seedlings/m2/yr in grazed 

plots, and 16 seedlings/m2/yr in ungrazed plots. He found, 

however, that survival through the first year averaged only 

2 3% in both grazed and ungrazed plots, the second lowest 

survival probability of the species he studied. He also 

found Rothrock grama to be relatively short-lived (3-5 yrs). 

Martin (1973) found that, much like an annual species, 

densities of Rothrock grama fluctuate greatly in relation to 

yearly variation in summer moisture availability. 

The effects that differences in reproductive ability 

and recruitment potential among species may have had on the 

invasive ability of Lehmann lovegrass are unclear. Also 

unclear is what effect the invasion of Lehmann lovegrass may 

have had on community structure. Bock et al. (1986) found 

cover of native grasses in study plots dominated by Lehmann 

lovegrass and Boer lovegrass (Eragrostis chloromelas Steud.) 

was only 40% as high as in comparable plots dominated by 

native species. However, in this study, the plots that were 

dominated by exotic species were seeded with those species 

in the 1940s and 1950s, and the relative abundance of 

natives at the time of seeding is unknown. Anable et al. 
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(1992) found that on the SRER the relative contribution of 

Lehmann lovegrass to total net annual primary production has 

increased considerably since the 1950s. Over that period 

there has been little apparent change in total production of 

natives. 

Since its introduction Lehmann lovegrass has spread at 

a rapid rate. One study, after monitoring plots for 13 

years, calculated a rate of spread of 6-10 m/yr (Kincaid et 

al. 1959). More recently, McClaran and Anable (1992), after 

analyzing more than 20 years of data, calculated a rate of 

spread of, conservatively, 175 m/yr. Also, stand densities 

of Lehmann lovegrass appear likely to continue to increase 

(Cox and Ruyle 1986, Anable et al. 1992). Therefore, a more 

thorough understanding of the role Lehmann lovegrass plays 

in community structure could aid in describing community 

dynamics and in making predictions about outcomes of future 

management decisions. 
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This study evaluates the effects of Lehmann lovegrass 

on the densities and distributions of Arizona cottontop and 

Rothrock grama. Of particular interest is whether the 

abundance, or the length of time Lehmann lovegrass has been 

present leads to declines in the densities of Arizona 

cottontop and Rothrock grama; also, whether Lehmann 

lovegrass has any influence on the relationships of Arizona 

cottontop and Rothrock grama to mesquite canopy cover. The 

roles of range site, mesquite canopy cover, and elevation in 

these relationships were also evaluated. The study combined 

repeated measures of grass density with a one-time measure 

of the location of individual grass plants on permanent 

plots to address the null hypotheses that: 1) the abundance, 

or the length of time Lehmann lovegrass has been present is 

associated with declines in the densities of Arizona 

cottontop and Rothrock grama; and 2) the abundance, or the 

length of time Lehmann lovegrass has been present has 

influenced the spatial distributions of Arizona cottontop 

and Rothrock grama relative to mesquite canopy. 
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METHODS 

Study Area 

This study was conducted on the 20,200 ha Santa Rita 

Experimental Range (SRER), located approximately 50 km 

southeast of Tucson. The SRER was established in 1903 for 

research in range and livestock management, and managed by 

the U.S. Forest Service (Martin and Reynolds 1973). In 

1989, ownership was transferred from the federal government 

to the State of Arizona, at which time management 

responsibilities for the facility shifted from the Forest 

Service to the University of Arizona. 

Elevations on the SRER range from approximately 900 m, 

in Pasture 5N on the northwest end of the station, to 

approximately 1,500 m, in Pasture 1 on the southeast end of 

the station. Annual precipitation ranges from approximately 

200 to 600 mm and is correlated with elevation (Anable 

1990). Rodent Station rain gage, located in Pasture 2S, at 

an elevation of 1085 m, is near the geographic center of the 

SRER. Annual mean precipitation at Rodent Station from 1971 

to 1990 was 405 mm, during which time the summer mean was 

207 mm (Figure 1). 
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I I Summer (July-Sept) Rest of Year Total 

Figure 1. Twenty years of rainfall data collected at Rodent 
Station on the Santa Rita Experimental Range. Horizontal 
lines indicate annual mean (405 mm), and summer mean (207 
mm) precipitation, respectively. 



Vegetation Sampling 

Data for this study consists of density (# plants/m2) 

and cover (proportion) measurements taken in June and July, 

1991, and density measurements taken in June and July 1972, 

1975, 1978, 1981, and 1984. Vegetation sampling methods 

employed in this study follow those described in Forest 

Service Study Plan FS-RM 1706-25 (Martin 1972), in order 

that data from the current study may become part of an 

existing, long-term data set. 

Vegetation measurements were taken on 139 permanent 

plots located in 12 pastures (1, 2N, 2S, 3, 5N, 5S, 6A, 6B, 

8, 12B, 21, and 22) of the SRER, encompassing approximately 

15,000 ha. The elevation of study plots ranged from 890 to 

1280 m, with a mean elevation of 1110 m. Plots used were 

established between 1953 and 1956 to study the effects on 

herbaceous production of grazing intensity, soils, and 

mesquite removal (Martin and Cable 1974, Cable and Martin 

1975). 

In order to avoid any potential sampling bias caused by 

the removal of mesquite trees (Martin and Cable 1974, Cable 

and Martin 1975, Appendix), plots in which trees had been 

killed were omitted from analysis. Similarly, because 

McClaran and Anable (1992) found that grazing intensity 

significantly reduced densities of native grasses near 



water, plots within 300 m of water were omitted from 

analysis. After all such plots were removed a total of 69 

of the original 139 plots were used in analysis. 

Plots are 30.5 m (100 ft) long, and are marked by a 

middle and two end stakes. Sampling was done by stretching 

a tape between the two end stakes, and measuring vegetation 

within the area 0.3 m (1 ft) to the right of the tape when 

looking down the plot from the "0" end (the "0" end being 

the end nearest a witness post, a fence post set in the 

ground to mark the location of each plot boundary). Total 

area of each plot is 9.3 m2. 

In each plot, densities of all perennial plant species 

were recorded. Density is a simple, unbiased measure of 

community dominance, and is especially useful for evaluating 

responses of species to environmental variables (Bonham 

1989) . Plants rooted on the boundaries of plots were 

counted if at least half of the plant base was in the plot. 

If the density of a plant species appeared especially high 

(i.e. >200 individuals) in a given plot, it was counted 

within the area only 0.15 m (6 in) to the right of the tape 

in order to expedite sampling. In such instances totals 

were doubled prior to data analysis in order to yield plot 

densities consistent with other species. 

The location of grasses relative to mesquite canopy 



cover was recorded when density was measured; i.e. separate 

counts were kept of plants under canopy and in the open in 

order to determine whether densities in the two locations 

differed. This method differs from the method usually 

employed for determining such differences, in which 

densities are measured in quadrats located at regular 

intervals moving out from trees (see, e.g., Livingston 

1992) . But because plots were large, numerous, and located 

randomly relative to mesquite trees it is believed that a 

sample representative of all distances from canopy was 

taken. 

In each plot, cover of all perennial plants was also 

determined using the line-intercept method (Bonham 1989), in 

which measurements were taken along the left boundary of the 

plot. For perennial grasses basal cover, i.e., cover at 

ground level was measured. For shrubs and trees crown 

cover, the vertical projection of the plant onto the plot 

boundary line, was measured. For this study, only mesquite 

cover values were of interest. Cover for all species was 

measured in centimeters and later converted to a decimal 

(e.g., cm mesquite/3050 cm, total length of plot boundary = 

proportion mesquite cover). 

Vegetation Variables 

Several vegetation variables were chosen for analysis 
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in order to partially describe the abundance and spatial 

distributions of the species. The absolute density of a 

species conveys information about its relative contribution 

to community structure, therefore density of species was 

chosen as a dependent variable about which inferences could 

be made regarding community organization. A preliminary 

examination of the data was performed following vegetation 

sampling in order to determine which native species were 

best-represented in the study area; i.e., which species were 

present in the most plots. Also, a preliminary judgement 

was made regarding the affinity for, or aversion to mesquite 

cover of species used in analysis. The two native species 

most widely-distributed were Arizona cottontop and Rothrock 

grama. In addition, these species appeared, both in the 

field and in preliminary examination of data, to occur in 

different locations relative to mesquite cover, allowing for 

evaluation of the null hypothesis regarding the influence of 

Lehmann lovegrass on species with differing relationships to 

mesquite. 

Since the study is intended to describe the role of 

Lehmann lovegrass in semi-desert grassland structure the 

absolute density of Lehmann lovegrass was also analyzed to 

describe how it interacts with, and differs from the native 

species. A negative association between increasing Lehmann 

lovegrass density and native species density would support 
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the null hypothesis regarding declines in native density 

resulting from the presence of Lehmann lovegrass. Likewise, 

the null hypothesis of the influence of Lehmann lovegrass on 

the spatial distributions of the native species can be 

addressed by using Lehmann lovegrass density as an 

independent variable in analysis. 

Length of time Lehmann lovegrass has been present on 

plots was also considered a possible influence on the 

densities and distributions of the native species, since 

Lehmann lovegrass has been shown in a previous study to have 

increased steadily on the SRER since the 1970s (Anable et 

al. 1992). To determine length of time on plots of Lehmann 

lovegrass, data from previous sampling dates was examined. 

Lehmann lovegrass was considered present if it appeared on 

two successive sampling dates. On no plots was Lehmann 

lovegrass present on successive sampling dates only to 

disappear permanently later. In only three plots was 

Lehmann lovegrass present on one sampling date, absent the 

next, and present again at a later date. In these instances 

time on plots was calculated from the more recent date to 

avoid possible misidentification errors during previous 

sampling. Since there was a period of 7 years in which 

vegetation was not sampled prior to this study, to be 

conservative, Lehmann lovegrass was considered present only 

one year in plots in which it had not appeared prior to 
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1991. 

Two measures were used to actually describe the 

relationship of grass species with mesquite canopy. The 

first measure was based on the difference between density 

under canopy and in the open. A negative difference 

indicated a higher density in the open, while a positive 

difference indicated a higher density under canopy. 

The second measure compared the relative proportion of 

grass density under mesquite to the amount of each transect 

covered by mesquite. This was done using the following 

formula: 

PROPORTION DIFFERENCE = (density under/total densityl-proportion mesquite cover 

The ratio of the density of plants under canopy to total 

density and percent has a theoretical range of 0.0 to 1.0, 

while cover of mesquite canopy could range from 0.01 to 1.0. 

The resulting difference is also a decimal, and has a 

theoretical range of -0.99 to 0.99. For example, a 

PROPORTION DIFFERENCE of -0.15 would indicate approximately 

15% more plants in the open than would be expected if the 

relationship to mesquite canopy were neutral, thus 

suggesting an aversion to mesquite canopy. 
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Landscape Variables 

The organization of a plant community is a function not 

only of species interactions, represented by the vegetation 

variables, but also of the response of species to variables 

in the landscape. Thus, two factors that vary across the 

study area, and that were thought to account for possible 

variations in species density and distribution relative to 

other species were chosen as independent variables. These 

variables are range site and elevation. 

A range site is a management unit based on soil 

characteristics, site characteristics, climate, and site 

potential information (SCS 1988a, 1988b). Range site 

information is provided by the Soil Conservation Service to 

private landowners, and is used to aid management decisions. 

Sites are differentiated based on surface soil texture, 

presence of certain subsurface soil horizons, slope, and 

position in a landscape (e.g., upland, bottom, etc.). Range 

sites found in the study area were identified during 

vegetation sampling (Table 1). Range site was chosen as an 

independent variable because of the soils information it 

assimilates. 

Since precipitation on the SRER is correlated with 

elevation, elevation was also chosen as an independent 

variable for analysis. It was believed that differences in 

elevation, thus in precipitation, may influence species 



Table 1. Major range sites1 on which plots are located, and important 
characteristics of the sites, n indicates the number of plots for each site. 

Range site Geomorphology Surface texture Other Soil Series n 

Sandy loam (Deep) 

Sandy Loam Upland 

Sandy Upland2 

Found on fan 
and stream 
terraces at 
elevations 
between 1000 
and 1500 m 

Found on fan 
and stream 
terraces at 
elevations 
between 1000 
and 1500 m 

Sandy loam to 
gravelly loamy 
fine sand 

Sandy loam to 
very gravelly 
sandy loam 

Sandy to loamy 
fine sand 

Soils are 
deep, lacking 
an argillic 
horizon 

Soils are 
shallow, with 
a clayey 
(argillic or 
cambic) 
horizon > 20 
cm from the 
surface 

Soils are 
moderately 
deep, and 
lack an 
argillic 
horizon 

-Tanque 
Sandy Loam 
and Loamy 
Fine Sand 

-Rucker 
Sandy Loam 

-Whitehouse 
Sandy Loam 

-Carlampi 
Gravelly 
Sandy Loam 

-Altar 
Gravelly 
Sandy Loam 

15 

29 

25 

1 Six plots were located on a fourth range site, Shallow Upland, but were omitted 
from analysis because the species being studied were poorly represented on this site 

2 Information about this site is rudimentary, as no Range Site Guide has yet been 
prepared. 



densities. Elevations were determined using topographic 

maps. 

Data Analysis 

Normality of all variables was confirmed using the 

Shapiro-Wilk ̂ -statistic (Shapiro and Wilk 1965) before any 

further statistical tests were performed. 

To determine which variables influence the densities of 

Arizona cottontop and Rothrock grama General Linear Model 

(GLM) analyses were performed using SAS software. The GLM 

procedure uses least squares estimates to fit general linear 

models, and calculates accompanying multiple regression 

equations. The procedure allows, among other functions, for 

an analysis of covariance in which an unordered, categorical 

independent variable serves as a covariate. The GLM 

procedure also does analyses of unbalanced data sets (SAS 

Institute 1987). In these analyses, range site was assigned 

a number from 1 to 3, and served as the covariate. And 

because plots are located randomly with respect to range 

sites the number of plots represented by each site varied 

(Table 1). 

Results of GLM analyses are presented in tables 

containing the sums of squares, F statistics for the model 

and for each effect, and the probability of exceeding F. 

The sums of squares represent the variability about the 
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sample mean, accounted for by the model, as well as by each 

effect in the model. Sums of squares for the effects are 

Type III Sums of Squares, or unique sums of squares. Type 

III Sums of Squares are used to test hypotheses about the 

significance of each effect independent of other effects 

(SAS Institute 1987). Because effects are tested 

independently, their sums of squares do not add up to the 

model sum of squares. Also included in each of these tables 

is an F statistic for the model and for each effect. The F 

statistic is derived by dividing the mean square (sum of 

squares/degrees of freedom) for the effect by the mean 

square for the error term. Finally, the probability of 

exceeding F, represented by p, is presented. This indicates 

which effects are significantly different from zero, 

therefore, which independent variables significantly affect 

the dependent variable. 

When independent variables are found to significantly 

affect dependent variables, the regression equation 

generated during the GLM analysis is also presented, in 

conjunction with tables. 

For both Arizona cottontop and Rothrock grama two 

models were constructed to evaluate which variables 

influence density. In each, the density of the species 

served as the dependent variable. Independent variables in 

the first model for each species were range site, elevation, 
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and length of time Lehmann lovegrass has been present on 

plots. In the second model, the density of Lehmann 

lovegrass was substituted for time on plot. Separate models 

were used to determine relative effects of each Lehmann 

lovegrass variable on each dependent variable. These models 

are intended to address the first hypothesis, that Lehmann 

lovegrass affects the densities of the native species, but 

also to identify landscape variables that affect the 

densities of each species. 

To address the hypothesis that Lehmann lovegrass 

influences the spatial distributions of Arizona cottontop 

and Rothrock grama, further GLM analyses were performed. 

Because the relationship with mesquite cover was measured in 

two ways, i.e., mean density difference and PROPORTION 

DIFFERENCE, two pairs of models were constructed for each 

species. In one pair of models, density difference was the 

dependent variable. Independent variables were range site, 

elevation, proportion mesquite cover, and time on plot of 

Lehmann lovegrass. A second model was constructed in which 

density of Lehmann lovegrass was substituted for time on 

plot, still analyzing the effects of other independent 

variables on the density difference. 

The second pair of models used the PROPORTION 

DIFFERENCE as the dependent variable for each native 

species, with independent variables the same as the previous 
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pair of models. 

To aid in interpretation of analyses of the factors 

effecting native species density and distribution, and to 

compare the influences of variables on the native grasses 

with the influences of the same variables on Lehmann 

lovegrass, similar GLM analyses were performed on Lehmann 

lovegrass vegetation variables. The first model sought to 

determine which landscape variables influence the density of 

Lehmann lovegrass. Lehmann lovegrass density served as the 

dependent variable, with range site, elevation, and time on 

plot as the independent variables. 

To determine which factors effect the relationship 

between Lehmann lovegrass and mesquite, a pair of models was 

constructed in which Lehmann lovegrass density difference 

was the dependent variable. Independent variables were 

range site, elevation, proportion mesquite canopy, and in 

the first, time on plot. In the second, absolute density of 

Lehmann lovegrass was substituted for time on plot. 

Similarly, GLM analyses on the factors affecting the 

PROPORTION DIFFERENCE of Lehmann lovegrass were performed. 

PROPORTION DIFFERENCE was the dependent variable, while 

independent variables were the same as those described 

above. 

Additionally, descriptive statistics were performed to 

determine mean densities of all three grass species, as well 
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as mean cover of mesquite. 

To determine whether within-species densities were 

significantly different in the open and under mesquite 

canopy, t-tests were performed on the mean differences for 

each species. The t-tests determined whether differences 

varied significantly (p<0.05) from zero. 

To further describe the relationships of the three 

species to mesquite, t-tests were performed on the 

PROPORTION DIFFERENCE for each species. The t-tests 

determined whether proportion differences varied 

significantly (p<0.05) from zero. 
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Of the three species, Lehmann lovegrass had the highest 

mean density, and was present on the most plots (Table 2). 

Of the natives, Rothrock grama had a more limited 

distribution, but a higher mean density than Arizona 

cottontop. The proportion of mesquite cover ranged from 

0.00 to 0.52, with a mean of 0.17. 

The density of Arizona cottontop was not affected by 

range site, time on plot of Lehmann lovegrass, Lehmann 

lovegrass density, or elevation (Table 3). Neither was the 

density of Rothrock grama affected by range site, time on 

plot of Lehmann lovegrass, Lehmann lovegrass density, or 

elevation (Table 4). 

Contrary to the two native species, the density of 

Lehmann lovegrass was significantly (p<0.05) affected by 

both time on plot and elevation (Table 5, Figure 2). Range 

site, however, did not affect the density of Lehmann 

lovegrass. 

The three species displayed different patterns in their 

respective relationship to mesquite canopy cover based on 

results of t-tests (Table 6, Figure 3). When differences in 

mean density are analyzed, Arizona cottontop, while low in 

density, had significantly greater density of plants under 

canopy than in the open. Conversely, Rothrock grama had a 
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Table 2. Mean densities (# plants/m2) of the three grass 
species over the entire study area, n indicates the number 
of plots in which species were found. 

Species Density Standard error n 

Arizona cottontop 1.0 0.14 43 

Rothrock grama 9.7 3.54 19 

Lehmann lovegrass 23.3 2.97 58 
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Table 3. Sum of Squares comparison of the effects on 
absolute density of Arizona cottontop of time on plot versus 
absolute density of Lehmann lovegrass, with independent 
variables range site and elevation remaining the same. 

3 a .  

Type III 
Effect df Sum of Squares F p 

Model 4 5.13 1.14 0.354 

Range site 2 0. 63 0.28 0.756 

Time on plot 1 1.82 1. 62 0.213 

Elevation 1 0.30 0.27 0.606 

3b. 

Effect df 
Type III 

Sum of Squares F P 

Model 4 5.61 1.26 0.303 

Range site 2 1.17 0.52 0.596 

Lehmann lovegrass 
density 1 2 .30 2.06 0. 159 

Elevation 1 0.18 0.16 0. 688 
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Table 4 .  Sum of Squares comparison of the effects on 
absolute density of Rothrock grama of time on plot versus 
absolute density of Lehmann lovegrass, with independent 
variables range site and elevation remaining the same. 

4a. 

Type III 
Effect df Sum of Squares F p 

Model 4 335.41 0.77 0.563 

Range site 2 101.44 0. 47 0.637 

Time on plot 1 6.02 0. 06 0.818 

Elevation 1 103.49 0.95 0. 346 

4b. 

Effect df 
Type III 

Sum of Squares F P 

Model 4 339.10 0.78 0.557 

Range site 2 88. 35 0.41 0. 673 

Lehmann lovegrass 
density 1 9.71 0. 09 0.770 

Elevation 1 103.22 0.95 0. 346 
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Table 5. General Linear Model analysis of the effects on 
absolute density of Lehmann lovegrass of three range sites, 
time on plot, and elevation, with corresponding regression 
equation. 

Effect df 
Type III 

Sum of Squares F P 

Model 4 9488.63 5. 03 <0.01 

Range site 2 1228.10 1.09 0. 363 

Time on plot 1 3297.31 8.74 0.005 

Elevation 1 1735.12 4.60 0.037 

y = -59.46 + 1.35X[ + 0.06x2 

y = Total Lehmann lovegrass density (# plants/m2) 
xt = Time on plot (years) 
x2 = Elevation (m) 
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4 0  

Lehmann pvegrass 
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2 0 -

1 5 -

Rothrock grama 
AZ cottontop 

1 0  4  7  1 3  16  1 9  

Time Since Establishment (years) 

Figure 2. Mean densities (# plants/m2) of each species 
following establishment of Lehmann lovegrass. Vertical bars 
represent one standard error of the mean. Standard error 
bars for years 16 and 19 for Arizona cottontop are too small 
to be seen, while for Rothrock grama are absent, as each 
data point represents only one plot. 



Table 6. Mean density (# plants/m2) differences and PROPORTION DIFFERENCES of the 
three species across the entire study area, n indicates the number of plots used in 
analysis. 

Species Mean difference p1 PROPORTION DIFFERENCE p2 n 

Arizona cottontop 1.4* 0.001 0.31 0.001 43 

Rothrock grama -9.7 0.013 -0.09 0.020 19 

Lehmann lovegrass -3.2 0.434 -0.06 0.002 58 

1 Probability associated with test of H0: Density difference=0, when using a t-test. 

2 Probability associated with test of H0: PROPORTION DIFFERENCES, when using a t-
test. 

A positive difference indicates a greater density under canopy than in the open. 

it* 
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Figure 3. Mean densities (# plants/m2) in the open and 
under canopy of the three species. 
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greater density of plants in the open than under canopy. 

There was not a significant difference between the density 

of Lehmann lovegrass in the open as compared to under 

canopy, although the mean density in the open was slightly 

higher than the mean density under canopy. When PROPORTION 

DIFFERENCES (i.e., the magnitude of affinity for, or 

aversion to mesquite cover) are compared, the relationships 

of the two native species with mesquite remain the same. 

Arizona cottontop had a strong affinity for mesquite canopy. 

The aversion of Rothrock grama is not as strong as it 

appears from density difference data, but is still 

significant. This test indicates that Lehmann lovegrass has 

a slight aversion to mesquite cover, despite the lack of a 

significant difference in density in the open and under 

canopy. 

GLM analyses indicate that the relationship of Arizona 

cottontop to mesquite canopy is not influenced by either 

time on plot or absolute density of Lehmann lovegrass 

(Tables 7 and 8). In none of the four models did Lehmann 

lovegrass have a significant affect. Nor was Arizona 

cottontop affected by landscape variables range site, 

proportion of mesquite cover, or elevation. 

Likewise, GLM analyses indicate that the relationship 

of Rothrock grama to mesquite canopy is not influenced by 

either time on plot or absolute density of Lehmann lovegrass 
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Table 7. Sum of Squares comparison of the effects on 
Arizona cottontop density difference (Density under mesquite 
canopy - Density in the open) of time on plot of Lehmann 
lovegrass versus absolute density of Lehmann lovegrass, with 
independent variables range site, mesquite cover, and 
elevation remaining the same. 

7a. 

Effect df 
Type III 

Sum of Squares F P 

Model 5 34.48 

o
 

CM 

• 

rH 0. 328 

Range site 2 13.54 1.18 0. 319 

Time on plot 1 2.63 0.46 0. 503 

Mesquite cover 1 20.92 3.64 0. 064 

Elevation 1 1.32 0.23 0. 635 

7b. 

Effect df 
Type III 

Sum of Squares F P 

Model 5 33 . 34 1.15 0. 349 

Range site 2 14.09 1.22 0. 307 

Lehmann lovegrass 
density 1 1.49 0.26 0. 614 

Mesquite cover 1 18.40 3.19 0.083 

Elevation 1 0.96 0.17 0. 686 
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Table 8. Sum of Squares comparison of the effects on 
Arizona cottontop PROPORTION DIFFERENCE (Density under/Total 
density - Proportion mesquite cover) of time on plot of 
Lehmann lovegrass versus absolute density of Lehmann 
lovegrass, with independent variables range site, mesquite 
cover, and elevation remaining the same. 

8a. 

Effect df 
Type III 

Sum of Squares F P 

Model 5 0.42 0.80 0. 559 

Range site 2 0. 01 0.03 0.969 

Time on plot 1 0.06 0. 62 0. 438 

Mesquite cover 1 0.28 2.70 0.109 

Elevation 1 0. 01 0. 01 0. 788 

8b. 

Effect df 
Type III 

Sum of Squares F P 

Model 5 0.37 0. 69 0. 635 

Range site 2 <0.00 0.01 0. 993 

Lehmann lovegrass 
density 1 

rH O
 

O
 0.13 0. 722 

Mesquite cover 1 0. 32 3.02 0. 091 

Elevation 1 0. 03 0.24 0. 627 
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(Tables 9 and 10). However, the PROPORTION DIFFERENCE of 

Rothrock grama was affected by both range site and 

proportion of mesquite cover (Table 10). 

In contrast to the natives, the difference in the 

density of Lehmann lovegrass in the open and under canopy 

was significantly affected by elevation, as well as by its 

total density (Table lib). Independent variables range 

site, mesquite cover, and time on plot did not affect the 

density difference, however. 

The PROPORTION DIFFERENCE of Lehmann lovegrass was not 

significantly affected by any independent variables (Table 

12) . 
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Table 9. Sum of Squares comparison of the effects on 
Rothrock grama density difference (Density under mesquite 
canopy - Density in the open) of time on plot of Lehmann 
lovegrass versus absolute density of Lehmann lovegrass, with 
independent variables range site, mesquite cover, and 
elevation remaining the same. 

9a. 

Type III 
Effect df Sum of Squares F p 

Model 5 584.78 

o
 

CO o
 0. 569 

Range site 2 208.86 0.71 0. 508 

Time on plot 1 1.60 0. 01 0.918 

Mesquite cover 1 7.90 0.05 0.820 

Elevation 1 135.56 0.93 0. 353 

9b. 

Effect df 
Type III 

Sum of Squares F P 

Model 5 594.87 0.82 0 . 558 

Range site 2 196.77 0. 68 0.523 

Lehmann lovegrass 
density 1 11. 69 0. 08 0.781 

Mesquite cover 1 14.16 0.10 0. 760 

Elevation 1 127.73 0.88 0.366 
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Table 10. Sum of Squares comparison, with corresponding 
regression equations of the effects on Rothrock grama 
PROPORTION DIFFERENCE (Density under/Total density -
Proportion mesquite cover) of time on plot of Lehmann 
lovegrass versus absolute density of Lehmann lovegrass, with 
independent variables range site, mesquite cover, and 
elevation remaining the same. 

10a. 

Type III 
Effect df Sum of Squares F p 

Model 5 0. 38 5.40 0. 009 

Range site 2 0. 21 7.33 0. 009 

Time on plot 1 <0. 00 0. 00 0. 975 

Mesquite cover 1 0. 08 5. 39 0. 041 

Elevation 1 <0. 00 0. 04 0. 849 
Ranae site 
Sandy loam (Deep) 
Sandy loam upland 
Sandy upland 

Equation 
y = 0.39 - 0. 
y = -0.18 - 0. 
y = -0.10 - 0. 

. 56x 
56x 
56x 

y = Rothrock grama proportion difference 
x = Mesquite canopy cover (proportion) 

10b. 

Effect df 
Type III 

Sum of Squares F P 

Model 5 0. 38 5.49 0. 009 

Range site 2 0.21 7. 61 0. 008 

Lehmann lovegrass 
density 1 <0. 00 0. 13 0. 722 

Mesquite cover 1 0. 08 5.81 0. 035 

Elevation 1 <0.00 0.01 0. 909 
Ranae site 
Sandy loam (Deep) 
Sandy loam upland 
Sandy upland 

Equation 
y = 0.43 - 0. 
y = -0.15 - 0. 
y = -0.66 - 0. 

55x 
55x 
55x 

y = Rothrock grama proportion difference 
x = Mesquite canopy cover (proportion) 
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Table 11. Sum of Squares comparison, with corresponding 
regression equation, of the effects on Lehmann lovegrass 
density difference (Density under mesguite canopy - Density 
in the open) of time on plot versus absolute density, with 
other independent variables range site, mesguite cover, and 
elevation remaining the same. 

lla. 

Effect df 
Type III 

Sum of Squares F P 

Model 5 4974.18 0.97 0.444 

Range site 2 2119.35 1.04 0. 362 

Time on plot 1 467.73 0.46 0.502 

Mesquite cover 1 358.43 0. 35 0.557 

Elevation 1 0.93 0. 00 0.976 

lib. 

Effect df 
Type III 

Sum of Squares F P 

Model 5 17667.90 4.70 0. 002 

Range site 2 3896.52 2.59 0. 086 

Lehmann lovegrass 
density 1 13161.45 17.51 <0.001 

Mesquite cover 1 13.18 0.02 0.895 

Elevation 1 3305.67 4.40 0.041 

y = 93.57 + 0.77x, - 0.09x2 

y 

x2 

= Lehmann lovegrass density difference (# plants/m2) 
= Absolute density of Lehmann lovegrass (# plants/m2) 
= Elevation (m) 
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Table 12. Sum of Squares comparison of the effects on 
Lehmann lovegrass PROPORTION DIFFERENCE (Density under/Total 
density - Percent mesquite cover) of time on plot versus 
absolute density, with independent variables range site, 
mesquite cover, and elevation remaining the same. 

12a. 

Effect df 
Type III 

Sum of Squares F P 

Model 5 0.10 1.12 0. 360 

Range site 2 o
 

• o
 

H
 

0.33 0.720 

Time on plot 1 

H
 

O
 • 

O
 0.57 0.456 

Mesquite cover 1 0.06 3.52 0. 067 

Elevation 1 <0.00 o
 
o
 
o
 

0.986 

12b. 

Effect df 
Type III 

Sum of Squares F P 

Model 5 0.12 1.46 0.222 

Range site 2 0. 01 0.22 0.803 

Lehmann lovegrass 
density 1 0. 04 0. 06 0. 158 

Mesquite cover 1 0.05 2.90 0. 095 

Elevation 1 

o
 
o
 • 

o
 

V 0.07 0. 799 
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DISCUSSION 

The hypothesis that Lehmann lovegrass is associated 

with declines in the density of Arizona cottontop or 

Rothrock grama was rejected. Analyses indicate that neither 

time on plot nor absolute density of Lehmann lovegrass 

significantly influenced the density of Arizona cottontop 

(Table 3), or Rothrock grama (Table 4). It is commonly 

believed that plant invasions cause declines in the 

densities of native species (Mack 1985, Crawley 1987). That 

appears not to be the case with Arizona cottontop or 

Rothrock grama in relation to Lehmann lovegrass. 

Cable (1971) said that production of native grasses on 

the SRER declined following the introduction of Lehmann 

lovegrass, and that Arizona cottontop appeared to be most 

adversely affected. However, this latter assertion was 

based on repeat photographs of a site, and not actual 

measures of production or density. Without actual 

measurements these photographs can not be considered 

sufficient proof of a decline in the density of Arizona 

cottontop on the SRER resulting from the introduction on 

Lehmann lovegrass, and this study provides no information 

about production of these grass species. 

Surprisingly, the density of neither of the native 

species was significantly effected by landscape variables 



range site or elevation (Tables 3 and 4). The 

insignificance of range site as a factor influencing the 

densities of these species seems to indicate that the 

surface soil textures of these sites, all of which have 

sandy surface textures, do not limit these species. 

Emergence of Arizona cottontop seedlings is high from sandy-

textured soils (Cable 1979). That elevation did not 

influence the densities of Arizona cottontop and Rothrock 

grama may indicate that plots were generally distributed 

within the ecological ranges of these species. 

In contrast to the native species, the density of 

Lehmann lovegrass was affected by elevation (Table 5), as 

well as by time on plot (Table 5, Figure 2). Earliest 

seedings of Lehmann lovegrass on the SRER were at higher 

elevations, near 1200 m (Cable 1971). Thus, elevation and 

time on plot on the SRER are related. It is not surprising, 

therefore, that there was a positive relationship between 

elevation, time on plot, and the density of Lehmann 

lovegrass. Also, the apparent, nearly linear increase in 

the density of Lehmann lovegrass through 19 years (Figure 2) 

suggests that the influence on the other species of Lehmann 

lovegrass, measured either by density or by time on plot, 

should be similar. 

One study has found that Lehmann lovegrass does not 

emerge from soils with silty- or clayey-textured surfaces 
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(Cox and Martin 1984). As noted, surface textures of all 

three range sites represented in the study area are sandy, 

and therefore would not be expected to limit emergence of 

Lehmann lovegrass seedlings. 

Since individual plots were not followed over the 20 

year study period, it is not possible to say what the 

respective compositions of plots were at the time Lehmann 

lovegrass became established. Rather, with data used in 

this study it is only possible to describe plots as they 

exist at fixed periods following establishment of Lehmann 

lovegrass. 

As noted, increasing densities of Lehmann lovegrass are 

not associated directly with lower densities of Arizona 

cottontop or Rothrock grama. However, McClaran and Anable 

(1992) reported a higher relative proportion of Lehmann 

lovegrass associated with higher grazing intensity. They 

concluded that the decreased native grass density resulted 

from heavier grazing, and not some direct effect of Lehmann 

lovegrass. This lends support to the theory that 

disturbance may facilitate invasion (Rejmanek 1989, Hobbs 

and HuenneKe 1992). It also supports the theory that 

disturbance may facilitate the decrease of native species, 

and thus increase the relative proportion of Lehmann 

lovegrass. However, this result does not support the 

requirement of disturbance for the spread of Lehmann 
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lovegrass, although it may hasten the spread by opening, the 

grass canopy (Kincaid et al. 1959), or indirectly cause 

mortality of individual grass plants by altering resource 

levels. 

Similarly, it is known that a drought affecting the 

SRER in 1973 caused mortality of many native grass plants, 

and that between 1973 and 1975 Lehmann lovegrass filled gaps 

following mortality more quickly than native species (Martin 

1983). similar droughts in 1975, 1980, and 1989 (Figure 1) 

may have led to establishment events for Lehmann lovegrass, 

contributing to the dominance of the species on the SRER 

today. Hobbs and Huenneke (1992) would define drought, in 

contrast to grazing, as a direct disturbance, influencing 

survivorship of individual plants. Once Lehmann lovegrass 

has reached a site, such a disturbance may lead to a rapid 

increase in its relative abundance. 

The ability of Lehmann lovegrass to fill gaps more 

quickly following disturbance than Arizona cottontop and 

Rothrock grama may reflect the recruitment potentials of the 

three species. Arizona cottontop has been found to produce 

fewer than 1 seedlings/m2/year in both grazed and ungrazed 

plots (Canfield 1957). In contrast, Rothrock grama may 

produce nearly 16 seedlings/m2/year in ungrazed plots, and 

nearly 29 seedlings/m2/year in grazed plots (Canfield 1957). 
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That is still fewer seedlings than Lehmann lovegrass can 

produce. Lehmann lovegrass was found to produce 0.1 to 4 

seedlings/m2/yr in undisturbed plots with very dense grass 

canopy, but from approximately 3 to 780 seedlings/m2/year in 

plots where the grass canopy was removed (Sumrall et al. 

1991) . 

It may be difficult for Arizona cottontop and Rothrock 

grama to ever again become very dense in sites where Lehmann 

lovegrass is now dominant. When grown in the shade, Arizona 

cottontop leaf-blade lengths may increase by as much as 50% 

over those grown in the open (Tiedemann et al. 1971), thus 

giving Arizona cottontop an adaptive trait that may allow it 

to colonize stands of Lehmann lovegrass. However, plants 

were grown beneath artificial shade in the study of 

Tiedemann et al. (1971); the effects of interspecific 

competition were not studied. Therefore, it is not possible 

to predict the potential success of Arizona cottontop at 

spreading into stands of Lehmann lovegrass without 

controlled studies in which the two species are grown 

together to determine the effects of competition. Rothrock 

grama seems to benefit greatly from disturbance for 

establishment (Canfield 1957), but appears unable to fill 

gaps following disturbance as quickly as Lehmann lovegrass 

(Martin and Severson 1988). Therefore, it seems unlikely 
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that Rothrock grama will become very dense where Lehmann 

lovegrass now dominates. 

The hypothesis that Lehmann lovegrass influences the 

spatial distributions of Arizona cottontop and Rothrock 

grama was also rejected (Tables 7-10). Analyses showed that 

neither time on plot nor density of Lehmann lovegrass 

influenced the positive association of Arizona cottontop 

with mesquite cover or the negative association of Rothrock 

grama. 

The affinity of Arizona cottontop for mesquite cover 

found in this study is consistent with previous findings 

(Yavitt and Smith 1982, Livingston 1992). But because 

Arizona cottontop can grow well in the open, and not just 

under canopy (Livingston 1992), it was thought that Lehmann 

lovegrass may play a role in the dearth of Arizona cottontop 

plants in open spaces across the study area. The dearth of 

Arizona cottontop plants in open spaces rather seems to 

reflect the generally low density of the species in the 

study area, adding support to the idea that mortality of 

native species preceded the spread of Lehmann lovegrass. 

The aversion of Rothrock grama to mesquite canopy cover 

found in this study supports a previous observation that the 

species appears less abundant in areas in which mesquite is 

present than in areas where mesquite has been thinned 

(Martin 1983). 
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The distribution of Rothrock grama relative to mesquite 

canopy was affected by variables other than Lehmann 

lovegrass. Both the mean difference and the PROPORTION 

DIFFERENCE indicated an aversion to mesquite. However, the 

PROPORTION DIFFERENCE was significantly affected by range 

site and mesquite cover, while the mean density difference 

was unaffected (Tables 9 and 10). Influence was significant 

only for the Sandy Loam (Deep) range site, of which there 

was only one plot on which Rothrock grama was present on. 

On this plot 12 Rothrock grama plants were present, of which 

7 were under canopy. Therefore, both the PROPORTION 

DIFFERENCE and the density difference were positive, unlike 

the means of the species for both variables. That range 

site and mesquite cover variables were significant for 

PROPORTION DIFFERENCE and not density difference suggests 

that PROPORTION DIFFERENCE is more sensitive to variances 

from the mean than is density difference. 

It is difficult to interpret results regarding the 

relationship of Lehmann lovegrass to mesquite canopy (Table 

6). Mean density in the open is not significantly different 

from mean density under canopy, i.e., the mean difference 

was not significantly different from zero. However, the 

PROPORTION DIFFERENCE was significantly different from zero, 

indicating a slight aversion to mesquite canopy. Yavitt and 

Smith (1982) also found a slight aversion of Lehmann 
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lovegrass to mesquite canopy, a result they found 

surprising. However, the methods used in the two studies 

differ considerably. Yavitt and Smith used a Chi-square 

analysis in which counts of plots in which Lehmann lovegrass 

occurred, both in the open and under canopy, were analyzed 

to see whether observed counts conformed to expected. My 

study based information about differences on densities, 

rather than frequencies of plants in the open and under 

canopy used by Yavitt and Smith. As noted above, the 

PROPORTION DIFFERENCE variable appears sensitive to slight 

deviations from the mean, and, therefore, seems to be a true 

reflection of the relationship of Lehmann lovegrass to 

mesquite cover, i.e., slightly averse to growing under 

mesquite canopy, as Yavitt and Smith found. 

The mean density difference of Lehmann lovegrass was 

found to be significantly affected by total density of 

lovegrass and by elevation (Table 11). The regression 

equation indicates that the higher the elevation, the 

greater the aversion of Lehmann lovegrass to mesquite canopy 

(Table lib). This suggests that at lower elevations, where 

precipitation is less, Lehmann lovegrass is more likely to 

be found under mesquite trees, despite the fact that Lehmann 

lovegrass can become established in areas receiving as 

little as 89 mm mean summer precipitation (Anable 1990). 

It appears that 19 years may not be a long enough 
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period to adequately study the influence of Lehmann 

lovegrass on these native species. Lehmann lovegrass 

densities appear to be continuing to increase at the end of 

that time (Figure 2). This lends support to the assertion 

that stand densities of Lehmann lovegrass are likely to 

continue to increase over time (Cox and Ruyle 1986, Anable 

et al. 1992). However, two common native grass species do 

not show lower densities or changed spatial distributions 

associated with increasing Lehmann lovegrass densities or 

with increasing time on plots of Lehmann lovegrass. 

The effect that Lehmann lovegrass has had on Arizona 

cottontop and Rothrock grama may be restricted to decreased 

recruitment, although that was outside the scope of this 

study. It is also not possible to say what effect, if any, 

Lehmann lovegrass has had on other native species. With 

increasing interest in understanding plant invasions, and 

the concept of community stability, future research should 

seek to establish more of the causes and effects of the 

invasion of the semi-desert grassland by Lehmann lovegrass. 



Appendix. Plots in which mesquite was killed in 1957. 
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Pasture Plots 

2N IE, 2E, 4W, 10E, HE 

2S 1, 4 

3 1W, 4E, 7W, 8E, 10W 

5N 1W, 2E, 8E, 10W, 11E 

5S 1W, 2W, 4W, 5E, 10W 

6B 1W, 2E, 3E, 4W, 5W 

12B 4E, 5W, 7E, 10W, 11E 
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